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Agricultural Meteorology 

An international Journal 

1974: Volumes 13 & 14 (8 issues per 
volume) 

Subscription price (2 volumes): DII. 180.00 
plus DH. 14.00 postage and handling 
(about US$74.60) 


Agriculture and Environment 
1974: Volume 1 (4 issues per volume) 
Subscription price: Dt. 87.00 plus Dil. 8.00 
postage and handling (about US$36.50) 


Agro-Ecosystems 

1874: Volume 1 (4 issues per volume) 
Subscription price: DH. 80.00 plus Dfl. 8.00 
postage and handling (about US$33.85) 


Aquaculture 
1974: Volume 3 (4 issues per volume) 
Subscription price: DH. 80.00 plus DH. 8.00 


‘postage and handling (about US$33.85) 


Environmental Health and 


Pollution Control y 
1974: Volumes 5 & 6 (10 issues per 
volume) 

Subscription price (2 volumes): Dfl. 340.00 
plus Dfl. 20.00 postage and handling 
(about US$138.50) 


Geoderma 

An International Journal of Soil Science 
1974: Volumes 11 & 12 (4 issues per 
volume) « 

Subscription price (2 volumes): Dt. 170.00 
plus Dfi. 14.00 postage and handling 
(about US$70.80) 
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1974: Volume 1 (4 issues per volume) 
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Livestock Production Science 
1974: Volume 1 (4 issues per volume) 
Subscription price: Dt. 77.00 plus Dfl. 8.00 
postage and handling (about US$32.70) 


Mutation Research 

1974: Volumes 22-26 (3-4 issues per 
volume) 

Subscription price (5 volumes): DH. 450.00 
plus Dfl. 30.00 postage and handling 
(about US$ 184.60) 


Ocean Management 

1974: Volume 2 (4 issues per volume) 
Subscription price: Dfl. 80.00 plus DI. 8.00 
postage and handling (about US$33.85) 


The Science of the Total 


Environment 

1974: Volume 3 (4 issues per volume) 
Subscription price: Dfl. 87.00 plus Dfi, 8.00 
postage and handling (about US$36.50) 


Scientia Horticulturae 

1974: Volume 2 (4 issues per volume) 
Subscription price: Dfl. 72.00 plus Dt. 8.00 
postage and handling (about US$30.80) 


Sugar Technology Reviews 

1974: Volume 2 (4 issues per volume) 
Subscription price: Dfl. 75.00 plus Dti. 8.00 
postage and handling (about US$31.90) 


Toxicology 

1974: Volume 2 (4 issues per volume) 
Subscription price: Dfl. 100.00 plus 
Dfl. 8.00 postage and handling 
(about US$41.50) 
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GRAVITATION WAVES IN EINSTEIN’S 
THEORY OF GRAVITATION 
by V D Zakharov, Moscow 


A generalized review of the recent literature on gravitation 
waves in general relativity The main emphasis is on mathe- 
matically rigorous methods, primarily definitions, test and 
criteria which tsolate the gravitation waves from among all the 
gravitation fields corresponding to the solutions of Einstein's 
equations (Translated from the Russian 1973 First published in 
Moscow 1972 ) 

June 1973 204 pages £5 85 


Published by Israel Program for Scientific Translations Ltd , and 
distributed by John Wiley and Sons Ltd 


ECLIPSING VARIABLE STARS 


by V P Tsesevich, “Nauka” Publishing House, Moscow 


This book explains that the eclipsing variable stars are of great 
importance because of the information they send us over a vast 
distance amounting to many light years The most powerful 
telescopes show these systems, usually binaries, merely as tiny 
points of light which vary periodically in brightness However, 
photometric and spectroscopic observations, together with an 
appropriate analysis of the data, disclose the sizes, shapes, 
spectral types, orbital characteristics, and masses of these stars 
It ts even possible in this way to find out about the stellar 
atmospheres, the material of which the stars are made, and the 
presence or absence of gaseous envelopes around them This is 
of great significance as an aid to understanding the general 
evolutionary trends in stellar development (First published in 
Moscow 1971, translated from the Russian 1973 ) 


June 1973 320 pages £|1 25 


Published by Israel Program for Scientific Translations Ltd, and 
distributed by John Wiley and Sons Ltd 


COMPARATIVE STATISTICAL INFERENCE 


by V Barnett, Reader in Statistics, University of Newcastle upon 
Tyne 


This book is a comprehensive treatment of sgatistical inference and 
decision making, aimed at advanced students, primarily in 
Statistics, but tn other disciplines concerned with decision 
making It surveys at an intermediate level the philosophical, 
conceptional and methodological principles of the range of 
different approaches, stressing any inter-relationships and basic 
differences The treatment is designed to be impartial 


August 1973 


DRUG ANALYSIS BY THIN-LAYER 
CHROMATOGRAPHY AND MICROSCOPY 


by Egon Stahl, Institute of Pharmacognosy and Analytical Phyto- 
chemistry, Saarbrucken 


Here is a book that will be of value in drug control programmes, 
for use by pharmaceutical chemists, clinical chemists, toxicolog- 
ists, chemists and forensic chemists It should have value both 
as a laboratory manual and as a library or desk reference 
(Translated from the German ) 


August 1973 248 pages £il 25 


Published by Ann Arbor Science Publishers Inc , and distributed by 
John Wiley and Sons Ltd 


304 pages £5 25 


> 


ORGANIC MOLECULAR PHOTOPHYSICS, 
Volume | ? ; 


edited by John B. Birks, Reader in Physics, University of Manchester 


The first of two volumes of integrated articles by specialists to 
provide a comprehensive coverage of the field of organic mole- 
cular photophysics 


July 1973 618 pages £13 50 


TROPICAL SOILS. A Comprehensive Study 
of their Genesis, 3rd Edition 


by E. C J Mohr and F A Van Baren, both of the University of 
Utrecht, and J Van Schuylenborgh, University of Amsterdam 
As knowledge of tropical soils has increased enormously in recent 
years, and as new approaches have been made in the study of 
chemical sedimentology and weathering, it was thought necessary 
to issue thig completely revised edition, but maintaining the basic 
concepts of the former editions belonging to Van Baren’s 
pedological credo “In the beginning was the rock, and the rock 
was the mother of the soils" The changes comprise a condensing 
of the first eight chapters into four chapters of part one, Second, 
the chapters on soils are extended and discussed in part two, 
Finally, part three has been added, giving the thermodynamic 
background of the weathering and soil forming processes 

Although the book deals with tropical and sub-tropical soils, 
the theories developed can be used equally well for the genesis 
in temperate climates 

July 1973 492 pages £13 50 
Published by Mouton, Ichtiarbarv and Van Hoeve, and distributed in 
the UK by John Wiley and Sons Ltd 


PROTEINS A Guide to Study by Physical 
and Chemical Methods 


edited by Rudolph Haschemeyer, Cornell University Medical 
School, and Audrey H Haschemeyer, Hunter College, New York 
A single source of basic information on the properties of proteins 
and methods available for the characterization All important 
techniques for isolation and chemical and physical study are 
discussed Particular attention is given to the fundamental 
principles on which physical methods are based and to critical 
evaluation of their usefulness in protein research 


June 1973 458 pages £10 00 
MICROBIAL PERMEABILITY 


by John P Reeves, Southwestern Medical School, Dallas, Texas 
This new book is a collection of research papers tn the field of 
membrane transport Its scope extends from the early works on 
passive permeability and concepts of carriers to recent results 
concerning such current topics as the phosphotransferase system, 
the f-galactoside permease of Escherichia coli, binding proteins 
and the co-transport theory It is the first time such a collection 
has been presented in one volume lt should serve as an excellent 
introduction to the field of membrane transport and should 
be useful as well to established investigators in the field, who 
might appreciate having these papers readily available in a 
single volume (Benchmark papers in Microbiology ) 


September 1973 ~446 pages £12 50 


Published by Dowden, Hutchinson and Ross, Inc , and distributed by 
John Wiley and Sons Ltd 
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Continuous cerebral monitoring — 
a revolutionary new instrument 
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The Devices Cerebral Function Monitor provides con- 
tinuous monitoring of cerebral activity and shows if 
conventional electroencephalographic (EEG) record- 
ings, available only as samples are typical of the on- 
going activity 


The instrument uses a compressed and filtered EEG 
signal, obtained from a pair of parietal electrodes, to 
provide a convenient, inexpensive and reliable record 
of cerebral activity without requiring skilled personnel 


Two meters and a two channel chart recorder provide 
the monitoring facilities for both cerebral activity and 
electrode impedance In addition, warning lamps indi- 
cate a high impedance condition resulting from deteri- 
oration of contact or movement of an electrode Stand- 
ard EEG recordings use 10,000 cm of chart paper per 
hour, whereas the CF M recorder employs speeds of 
only 5 cm /hr for intensive therapy and 50 cm /hr for 
theatre recording Higher speeds are available for minute 
by minute recording of the effects of administering 
drugs 


The CFM is particularly valuable for the clinician who 


Devices Instruments Limited 


26.28 Hyde Way, 
Welwyn Garden City, Hertfordshire 
Tel Welwvn Garden 28511 
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must endeavour to assess the degree of anoxic brain 
damage, for instance after cardiac arrest, before making 
decisions about treatment, and it enables him to predict 
with greater confidence that irreversible brain damage 
has occurred Variations in the slope of the trace corre- 
spond to similar variations in the amplitude of cerebral 
activity, and the character of activity is indicated by 
gradations in width and variability of the trace 


During cardiac surgery the C F M can be used to indi- 
cate inadequate cerebral perfusion in association with 
hypotension, ventricular fibrillation and other causes 
encountered during cardio-pulmonary by-pass Altera- 
tion in the level of anaesthesia during surgery is indi- 
cated in the absence of clinical evidence 


The CFM can be used to study the speed and depth 
of anaesthesia, to evaluate new drugs which affect the 
nervous system, and to assess the condition of patients 
during haemodialysis and with various metabolic ence- 


,Phalopathies such as those of hepatic and renal origin 


More information on this important advance in medical 
instrumentation 1s available on request 
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Some new Biology textbooks 
from Cambridge 
University Press 


Now issued as a paperback 


. The Physiology of 


Excitable Cells 
D. J. AIDLEY 


Our understanding of the physiology of excitable cells, 
the nerve, muscle and sensory cells has increased 
enormously over the last twenty years Dr Audley 
describes the elegant and intellectually exciting 
experimentation behind his very successful book 
Primarily intended for graduate and undergraduate 
students of physiology, zoology and biophysics it will 
also be useful to those beginning research and to 
biologists in other fields Paperback £2.75 net 

Also issued in Hard Covers £5.80 net 


A New Cambridge Series 


Reproduction in Mammals 
Edited by C. R. AUSTIN & R. V. SHORT 


Reproduction in Mammals 1s designed as a basic text to 
meet the needs of undergraduate students reading 
Biology, Zoology, Physiology, Medicine, Agriculture 
and Veterinary Science, and as a companion work to 
clinical textbooks of obstetrics and gynaecology It will 
also be of value to more advanced students and to research 
workers 


Book 1 Germ Cells and Fertilisation 

Book 2 Embryonic and Fetal Development 

Book 3 Hormones in Reproduction 

Book 4 Reproductive Patterns 

Book 5 Artificial Control of Reproduction 
Hardcover edition £3.40 net 
Paperback edition £1.30 net 


Genetics 
D. J. COVE 


A complete course in genetics for students studying 
cellular aspects of genetics at first-year level 1n univer- 
sities. Stress 1s laid on the explanation of principlesand 
terms used in genetics so that the student 1s given a 
clear and coherent account of an important area of 
biology. Hard covers £3.00 net 

Paperback £1.20 net 


How Animals Work 
K. SCHMIDT-NIELSEN 


In this lively and stimulating discussion of some 
principles of animal physiology. Professor Schmudt- 
Nielsen gives a clear picture of comparative physiology 
m relation to body-size, form and function, energy 
supply and the environment. Though primarily 
written for students, this book will give professional 
biologists fresh insights and mtich enjoyment. 
Hard covers £2.20 net 
Paperback 80p net 


Natural History of 


Infectious Disease 
Fourth Edition 


Sir MACFARLANE BURNET, F.R.S. 
and D. O. WHITE 


This book 1s highly readable account of infectious 
disease as an important facet of the human situation. 
Comment on an earher edition 
‘We know of no book more suitable for the arts student 
who wants to understand what the biologists are talking 
about.. or for all of us who either forgot our bacterio- 
logy on the day we passed the examination or who have 
looked down a microscope for so long that the rest of 
the world is out of focus ’ The Lancet 
Hard covers £4.00 net 
Paperback £1.20 net 


A Guidebook to 


Microscopical Methods 
A. V. GRIMSTONE & R. J. SKAER 


A clear guide to the array of methods now available 
for the examination of biological material with light 
electron microscopies. The more important and 
commonly used techniques are described with full 
practical mstructions Notes and references direct the 
student to further inforrmation about these techniques, 
and about less frequently used ones 
Hard covers £2.40 net 
Paperback 90p net 


A Guidebook to Biochemistry 
M. D. YUDKIN & R. E. OFFORD 


A new introductory text for students 1n schools, col- 
leges and universities. who are beginning courses in 
biochemistry, either by itself or as a background for 
work 1n biology, medicine, agriculture or pharmacology 
It ıs based on Kenneth  Harrison's successful 
Guidebook to Biochemistry but has been completely 
revised and rewritten 
Hard cover £3.20 net 
Paperback £1.00 net 


The Biology of the Cell Cycle 
J. M. MITCHISON 


The first comprehensive and critical review of the 
biology of the cell cycle to cover the whole field from 
bacteria to mammalian cells. The main emphasis 1s on 
the patterns of synthesis throughout the cycle, but there 
is also a more speculative chapter on the control of 
ell divisions An important feature ıs the extensive 
tbliography of some 1,000 references which will 
prove useful to students in the field of cell biology. 
Hard covers £4.60 net 

Paperback £1.60 net 
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The new Sinclair Cambridge. 
Logs, trig, powers and roots... 
and the calculations that employ them. 


Logarithms: Inand log,, 
Exponential functions: e;x 


: : : : 2a E A 
Trigonometric functions: sin,cos,tan;sin x,cos x,tan x 


Roots: V X; Vx" 
Sum of products: (pXP)+(qXQ)+(rXR)+... 


: 3 
Polynomials: aj t 9,Y t ay tay +... 


Hyperbolic functions: sinh y=- e 


2 
Chi-square test: > fo 


Resistance (R) of two resistors R, X R, 
(R and R,)in parallel: R=R FR, 


Plus the normal simple arithmetic functions, and many, many others — 
-20 
all to 8 significant digits, with exponent range from10  to10 . 


Features of the Sinclair Cambridge 

x Four operators (+, =, X, —). 
with constant on all four 

* Constant acts as /ast entry ina 
calculation. 

x Algebraic logic. 

* Constant and algebraic logic 
combine to act as a limited 
memory, allowing complex 
calculations on a calculator 
costing less than £30 (plus VAT) 

x Calculates to 8 significant 
digits, with exponent range from 
107? to 1079, 

+ Standard keyboard. All you need 
for complex calculations 

* Fully floating decimal point 

x Clear-last-entry feature. 

* Clear, bright, 8-digit display 

x 12 hours of calculation time — 
enough for weeks of normal 
use — from four U16-type 
batteries (MN 2400 
recommended) 

x Uniquely handy package" 
4i" X 2" X u'- 
weight 32 oz. 


Forscientists — forengineers for 
Statisticians the critical dimensions 
of a calculator are power, price and 
portability 


The moment a calculation moves 
beyond simple arithmetic, most 
calculators have little to offer 

The ones that can cope cost well over 
£100 — and tend to match their bulk to 
their price 


The new Sinclair Cambridge electronic 
calculator was specifically developed 
for people whose work depends on 
fast, accurate, complex calculations 
Int 28=0247, e9546—1 726, 
sin 0 826 = 0 735, cos 0 692 = 0 770 
calculations like these take just 15 
seconds on the Cambridge To takea 
calculation to full 8-digit accuracy takes 
very little longer 
No other calculator offers a package so 
powerful, so compact — and so 
sensibly priced 


Actual size: 
4i" x 2" X 4" -weight 32 oz 





Only £29-95- direct from Sinclair. 


Unique free booklet tells you how 


The Sinclair Cambridge — first mathematical calculator at an 
to get the best from your 


2 t T anyone-can-have-one price 

Sinclair Cambridge How can such a powerful calculator be so compact, and cost so little ? 

The secret of the remarkable ; 

performance of the Cambridge lies in Partly, it's because the Cambridge is specifically designed for scientific and - 


the combination of the logic and engineering use The constant facility and the calculating logic combine to provide 
functioning of the constant the equivalent of a limited memory — allowing complex calculations to be performed 
Together, the logic and the constant without extra buttons or extensive additional circuitry (and without the 

turn a pocket calculator into a pencil-and-paper notation of intermediate totals) 


powerful mathematical facility Butit's also because the Cambridge is British made by Sinclair Radionics Ltd, 


(exactly how you get the best out of Europe's largest calculator manufacturer, with all the cost advantages of scale that 
them is explained in detail in this 









this entails 
unique brochure, provided free with Buy direct in confidence with the Sinclair guarantee 
every Sinclair Cambridge The booklet 
gives comprehensive, step-by-step The full Sinclair Cambridge package includes the calculator, batteries , a polystyrene 
instructions, with examples of the carrying case, the full instruction manual, and the aide-memoire card It costs £29 95 
common complex calculations needed (plus VAT), and every Cambridge calculator carries a full one-year guarantee against 
for physics, computer science, everything except deliberate misuse 
engineering, statistics, finance, and 
other number-intensive operations To order a Cambridge direct, simply fill in the 
Clearly, the calculations described can coupon below and return it with your cheque, or 
not be performed on just any quote your Access or Barclaycard number And, of 
calculator the booklet can only be course, if you return your Cambridge within ten 
used with the Sinclair Cambridge days, your money will be refunded in full, 
without question 
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clair Cambndge 
The Socet calculator 


| Instructions foruse 


X bu *Price: £29 95 4- £3 00 VAT (Total: £32 95) 


The Cambridge package also includes pee————— ———— — UA — v ee eee 
a credit-card-sized aide- memoire, 
with calculations summarised in 
formula form 


To Sinclair Radionics Ltd, London Road, Stlves, Huntingdonshire, PE17 4HJ 


Please despatch — (qty) Cambridge calculator(s) complete 

at £29 95 + £3 00 VAT (total £32 95) each 

*| enclose cheque for £ . ., made out to Sinclair Radionics Ltd 
*Please debit my Barclaycard account 

My account number is _ 


*Please debit my Access account 
My account number is 


*Delete as required è l 


Name 


sinclair 7 
Sinclair Radionics Ltd, 
London Road, : 
St Ives, 
Huntingdonshire, ° 
PE17 4HJ 


Rea nn R99482 Fnaland VAT Rea no 2138170 RR 


Address 


Please print 
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This instrument gives the highest 
degree of accuracy with divided 
circle on glass reading to 0.01 degree. 


Circle centre on ball bearings — Easily 
removable trough Divided drum 
replacing verniers Stationary observa- 
tion telescope Circle reader enlarging 
image of scale Slow motion adjustment 
always inaction Suitable, with additions, 
for measurement of rotatory dispersion 


This polarimeter has been supplied in 
large numbers both in this country and 
abroad, and has always been acclaimed 
as being of advanced design and workman- 
ship Please ask for particulars “N” 


We now have capacity for aluminising certain 
types of mirrors, at short notice 
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5.000 
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TELEDYNE ISOTOPES 





50 VAN BUREN AVE — WESTWOOD, N J 07675 
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NATURE 
Time for Elifism 


A CONGRESS of barbers, gathered to hear the latest about 
hairdressing techniques and told by their president that 
in the past thirty years the quality of their work had 
declined, that they were taking too long to cut customers’ 
hair and that they overcharged the public, would undoubt- 
edly be in a lynching mood The barbers, exposed for 
what they were, on returning to their shops would find 
an angry public demanding refunds For this reason, if 
no other, senior members of trades and professions are 
not given to criticizing their colleagues in public-—except, 
that 1s, for Professor Kenneth Mellanby 

At the annual meeting of the British. Association this 
year Professor Mellanby, President of Section X and 
Director of the Nature Conservancy Monks Wood Expert- 
mental Station, announced that science was overstaffed 
and mismanaged He said that although funding has 
multiplied a hundred-fold since the 1930s "productivity", 
however determined, has declined sadly More money 
has meant more jobs, and the larger the “team”, the less 
the creative mind around which this structure ıs developed 
can do anything but administrate The only corrective 
Professor Mellanby sees is an unashamedly elitist 
approach-—support the good and do not allow the less 
than good to pretend they are doing constructive research 

Two issues need discussion One 1s simply whether 
Mellanby 1s making a correct judgment The other is 
that if he 1s indeed right, why does not a statement like 
this raise more than a ripple? 

The theme that science ıs not what it used to be is not 
anew one As long ago as 1830, Charles Babbage could 
write a book persuasively and wittily on unfavourable 
trends, including expansionism, among scientists He 
would have had no difficulty in revising 1t for the 1970s 
The present day problem seems to be a lack of incisiveness 
among scientists ın converting personal opinions into 
action Although it 1s indisputable that the contributions 
of some scientists are consistently brilliant and the contri- 
butions of others are consistently negligible, the processes 
of natural selection are seriously impaired by some form 
of gentlemen’s agreement which classifies open criticism 
of the mediocre as intolerable rudeness The process starts 
early when failure to get a PhD 1s seen as such a humilia- 
tion both for student and adviser that the standards of 
the degree are seriously depressed to accommodate stu- 
dents who are not natural research workers 

The fault 1s not the student’s because no one has had 
the courage to say “you are not going to make the grade” 
Then, armed with a certificate to do research, most will 
settle for nothing less, and none will say nay because who 
can tell what someone might come up with? 

This is a serious misreading of the character of obser- 
vational science No one visiting Cambridge should fail 
to observe Eric Gill’s stone inscription on the Department 
of Zoology Dans les champs de l'observation, le hasard 
ne favorise que les espirits préparés scientists of distinc- 
tion lead a favoured life, not because they are lucky but 
because they know how to capitalize on their luck To 
encourage those to stay 1n the field who clearly lack the 
ability out of a hope that something may turn up is often 


no more profitable than providing monkeys with type- 
writers because they might turn out a work of genius 

The overpopulated ranks of research are not, however, 
merely an expensive phenomenon They do, as Mellanby 
points out, constrict, if not throttle, the creativity of the 
bright who frequently lack the political skill or authority 
to thin out teams of research workers willed on them 
The administrative load can be crippling, of course, 
although it is frequently self-imposed, but there ıs also 
the intellectual load of devising thesis topics and trying to 
keep employees abreast of original research 

All this suggests considerable reduction in the ranks of 
those who call themselves researchers It ıs not easy to 
suggest means of doing this which do not hurt, but in 
trying to give an answer to the question “Why a mere 
ripple from this statement?”, the urgency of finding an 
answer may at least be underlined 

Until now*there has been little feeling amongst scien- 
tists that they are living largely off taxpayers’ money (many 
industrial scientists included), nor does the taxpayer 
readily associate criticism of scientific research with his 
tax bill Yet the amount that he pays in Britain for the 
research council (a modest fraction of the total research 
and development expenditure) 1s at least as much as he 
pays each year for having his hair cut Awareness of this 
(perhaps not in such specific terms) cannot but increase — 
the Apollo space programme, if it did nothing else for 
the man in the street in the United States, gave him an 
insight into the relationship between taxes and research 
spending 

It ıs arguable that Britain ıs beginning to become a 
post-industrial society If so, science will not occupy 
the revered position ıt has for the past hundred years and 
we will hear more of the market-place approach to ex- 
penditure on research—if composers, printers, poets and 
sportsmen have to survive on the quality of what they 
provide, should research scientists be exempt? 


100 Years Ago 








AMONG Messrs [Macmillan's announcements of ‘forthcoming 
works are—'*On the Theory of Sound,” by Lord Rayleigh, 
F.R S , ** Contributions to Solar Physics,” by J Norman Lockyer, 


Boyd Dawkins, F R S., being researches on the evidence of 
caves respecting the early inhabitants of Europe , * The Origin 
and Metamorphoses of Insects,” by Sir John Lubbock, FRS 
(vol n NATURE Senes) , [and 2 new edition of Canon Kangsley's 
* Glaucus," 


From Nature 8, 390, September 11, 1873 


\ FRS, with numerous illustrations , ‘‘ Cave Hunting,” by W. 
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Sakharov Taken fo Task in Pravda 


IN July Dr Andrei Sakharov, the Soviet nuclear physicist, 
gave a widely publicized interview to Swedish television 
He vigorously attacked a system perpetuating criminality 
and privilege and pointed to favoured treatment that was 
afforded to Communist Party members in medical care 
The Academician also denounced lack of freedom both in 
ideas and travel The literature, he said, is “grey, official, 
solemn and boring”, travel 1s restricted both within the 
Soviet Union and beyond so that Soviet society 1s 
divided by visa constraints and Soviets are not afforded 
sufficient opportunities to leave the country and return 
Since then Dr Sakharov has been warned by the 
Deputy General Procurator about his civil rights activities, 


and in particular this interview He says that he was 
told the Procuracy could no longer stand aside, as these 
activities were providing information of interest to foreign 
intelligence services 

In the past few days several letters have been published 
ın Pravda concerning Sakharov’s activities—from, 
amongst others, members of the Academy of Agricultural 
Sciences, the Ukranian Academy of Sciences, the Siberian 
branch of the Academy of Sciences and a lathe operator 
in Leningrad We reprint translations of two of the most 
interesting letters, from members of the Soviet Academy 
of Sciences and from a group of distinguished Soviet 
composers 





We feel it necessary to bring to the attention of a Side public our 
attitude to the behaviour of Academician A D Sakharov 


In recent years, Academician Sakharov has turned away from 
active scientific work and has come out with a number of statements 
discrediting the state system and the external and internal policies 
of the Soviet Union Recently, in an interview to foreign correspon- 
dents in Moscow which was published in the Western press, he reached 
the stage where he came out against the policy of the Soviet Union 
of relieving international tension and of consolidating those positive 
changes which have taken place recently throughout the world 


These statements, which are completely alien to the interests of all 
progressive peoples, Sakharov tries to justify by crude distortions of 
Soviet activity and imaginary reproaches regarding the socialist 
system In his dicta he in effect takes up a position of solidarity with 
the most reactionary imperialist circles, coming out actively against 
the course of the peaceful coexistence of countries with different 
social systems, against our party and state attitudes to the develop- 
ment of scientific and cultural cooperation and to the strengthening 
of peace between nations Thus Sakharov has become a weapon of 
hostile propaganda against the Soviet Union and other socialist 
countries 


The activity of Sakharov is at its roots alien to Soviet science 
It looks especially unattractive against the background of the con- 
centration of the efforts of our whole people on the solution of the 
weighty problems of economuc and cultural construction of the 
USSR, on the strengthening of peace and on the protection of the 
health of the international situation 


We wish to express our indignation at the statements of Academi- 
cian A D Sakharov and resolutely condemn his activity, which is a 
discredit to the honour and dignity of a Soviet scientist We hope 
that Academician Sakharov will think over his activities 


Signed by Academicians 


N G Basov M A Markov D V Skobel'tsyn 
N V Bolov A N Nesmeyanov S L Sobolev 

N N Bogolyubov A M Obukhov V I Spitsyn 

A E Braunshtein Yu A Ovchinntikov V D Timakov 
A P Vinogradov A I Oparin A N Tikhonov 
S V Vonsovskn V E Paton V M Tuchkevich 
B M Bul B N Petrov P N Fedossev 
N P Dubinin P N Pospelov I M Frank 

N M Zhavoronkov A M Prokhorov A N Frumkin 

B M Kedrov O A Reutov Yu B Khariton 
M V Keldysh A M Rumantsev M V Khrapchenko 
V A Kotel'nikov L I Sedov P A Cherenkov 
G V Kurdyumov N N Semenov V A Engel'gardt 
A. À Logunov 


(From Pravda, August 29, 1973) 





HaviING familiarized ourselves with the letter of the members of the 
Academy of Sciences of the USSR, published in Pravda on August 
29, we, Soviet composers and musicians, entirely agree with their 
estimate of the activities of A D Sakharov, directed against the policy 
of the Soviet Union on relieving international tension, and his libel- 
lous statements regarding socialist reality It 1s no coincidence that 
the reactionary Western press rapturously seizes on these anti- 
Soviet “revelations” 


We feel profound indignation at the actions of A D Sakharov, 
which are incompatible with the lofty title of Soviet citizen and public 
figure in Soviet science His publications in the Western press area 
disgrace to the honour and dignity of the Soviet intelligentsia (all the 
thoughts and aspirations of which are always continuously connected 
with the building of a new society) and the fight of the Soviet people 
for peace and for the extension of scientific and cultural cooperation 
with all countries 


Among us, representatives of Soviet art who are ever faithful to 
the high humanist ideals of rapprochement and mutual cooperation 
between nations and who unanimously support the policy of our 
Communist Party, the behaviour of A D Sakharov evokes a feeling 
of indignation and angry condemnation 
Signed by 


*D Kabalevskit A Kholminov 


K Karaev T Khrennikov 
P Savintsev D Shostakovich 
G Sviridov R Shchedrin 

S Tulikov A Eshpai 


A Khachaturyan B Yarutovski 


(From Pravda, September 3, 1973) 


As Nature was going to press, news came of the 
first public defence of Sakhorov by anyone asso- 
ciated with the Soviet Academy Mr Igor 
Shafarevich, an algebraist and a corresponding 


member of the Academy, issued an open letter in 
which he praised the conscience of a man who 
could speak out against the “vices and sores” of 
Soviet society 
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OLD WORLD 


Unit Proposed for 


FRUSIRAIED 1n their attempts to obtain 
financial support for their work on in 
vitio fertilization, Dr R G Edwards of 
the University of Cambridge and Mr 
Patrick Steptoe of Oldham General 
Hospital have set up a charitable trust 
to attempt to incredse the pace of their 
work in helping infertile women 

The trust, entitled the Edwards- 
Steptoe Research Trust, will soon be 
launching a campaign to obtain money, 
and Mr Patrick Steptoe, a Consultant 
Gynaecologist at Oldham said this week 
that they would need a sum of between 
£100,000 and £200,000 to be viable 

The aim is to set up a unit, probably 
at à university, where the work on 
infertile women could continue at a 
much greater pace than now possible 
Mr Steptoe and Dr Edwards now treat 
between 4 and 6 patients a month at 
Oldham but according to Mr Steptoe 1f 
he and Dr Edwards worked at the same 
hospital they could treat many more 
patients and the remaining problems 
could then, in all probability, be solved 
within a reasonable time 

The concept of a unit to carry out 
work on m vitio fertilization was sug- 
gested by Dr Edwards and Mr Steptoe 
a few years ago but they have had diffi- 
culties in obtaining sufficient funds for 
long term research Since then, how- 
ever, a great deal of work has been done 
on fertilization of animals im vitio 
followed by successful implantation 
which makes the clinical application in 
humans possible as well as contributing 
to fundamental research 

The growth of a human embryo tna 
test tube, which was hailed with such 
publicity a few years ago, was pioneered 
by Dr Edwards and Mr Steptoe This 
work which is primarily designed to 
help wives who cannot have children by 
normal means also has several other 
beneficial effects not the least of which 
1s to obtain a greater understanding of 
congenital abnormalities The infertile 
women who can be helped by in vitio 
fertilization have at least one healthy 
ovary and a healthy uterus, but their 
Fallopian tubes which channel the ova 
between these organs are either diseased 
or non existent The objective of the 
work 1s to simulate, outside the body, 
the processes which take place in the 
Fallopian tubes To achieve this ova 
are removed from the wife oy laporo- 
scopy a minor operation where a 
needle is inserted into previously pre- 
pared ovaries through the navel in order 
to remove the ova The ova are fertilized 
by the husband's sperm and then grow 
for a matter of days in the laboratory 


in vitro Fertilization 


The process thus far has been per- 
fected but the problems of implanting 
the few days old embryo in the womb to 
grow and develop normally are so far 
unsolved One of the difficulties 1s that 
the hormone balance in a woman who is 
a few days into pregnancy 1s poorly 
understood and for the embryo to 
implant itself ın the womb this 
hormone balance must first be con- 
trolled And there are other problems 
to be solved such as the techniques of 
implantation, but these are of lesser 
importance 

Last week Professor Carl Wood of 
Monash University, Victoria, Australia 
reported that an attempt to implant a 
fertilized egg 'n the womb had failed 
after nine days Mr Steptoe said this 
week that he and Dr Edwards hadebeen 
attempting to implant embryos for 
over a year now without success 
He said that a possible implantation for 
nine days could not be considered a 
pregnancy and that Dr Edwards and he 
had managed to implant an embryo for 


SOVIET OPPRESSION 


IUPAP Retuliutes 


More than 200 scientists at an Enter- 
national Union of Pure and Applied 
Physics conference in Amsterdam last 
week signed a round-robin letter to Pro- 
fessor M Keldysh, President of the 


e USSR Academy of Sciences protesting 


that Professor A V Voronel an expert 
in specific heat measurements, had been 
prevented from attending the con- 
ference to deliver an invited paper 

Dr Voronel was one of the seven 
Soviet Jews who held a hunger strike in 
Moscow recently in protest against the 


treatment of those who want to 
emigrate to Israel 
Professor L Kerwin, Secretary- 


General of IUPAP also sent a personal 
telegram of protest to Professor 
Keldysh Physicists at the conference 
were particularly annoyed by the atti- 
tude of Professor Keldysh when he was 
asked to help sort out the problem 
Dr Voronel was invited to address the 
conference (the van der Waals Cen- 
tennial Conference) almost a year ago 
When it became, plain that he was 
having difficulty olfaining permission to 
attend, Professor Boer of the Royal 
Netherlands Academy of Sciences wrote 
to Professor Keldysh Keldysh replied 
that as Voronel no longer holds a post 
in a Soviet institute (he resigned as 


2] days before the onset of men- 
struation demonstrated that the woman 
Was not pregnant 

Mr Steptoe estimates that there are at 
least 20,000 women in Britain who want 
a child but are unable to become preg- 
nant because of lesions affecting their 
Fallopian tubes In the United States 
the number is probably much higher 
possibly approaching a million. In 
Britain there are of the order of 
10 million women of reproductive age, 
one million of whom are pregnant and 
one million of whom are actively 
avoiding pregnancy, while a further one 
million. are trying to have a child 
according to Mr Steptoe 

The research trust, 1f enough money 
became avatlable, would set up a unit 
where full facilities including endocrine 
assays and facilities for treating patients 
rapidly would be available The advan- 
tages of having a unit set up in one place 
1s that apart from being able to treat 
more patients than now possible a labora- 
tory could be set up to provide on the 


director of a division in the Institute for 
Physics and Radiophysics when he 
applied for permission to emigrate to 
Israel a year ago) he could not be of any 
help to the conference 

A fortnight ago Professor Voronel 
and Professor Mark Azbel were also 
prevented from attending an IUPAP 
conference in Moscow on magnetism 
A number of those attending the con- 
ference retaliated by holding a session 
tn Professor Voronel's flat, the meeting 
being chaired by Professor E Stanley 
of MIT 

After the meeting Professors Azbel 
and Voronel issued a statement decry- 
ing the Soviet authorities’ intervention, 
but also attacking the IUPAP for sup- 
porting the Soviet authorities “We 
were flabbergasted” they say “to learn 
that (the Soviet authorities) have found 
unexpected support in their decision to 
decline our participation support from 
the leaders of IUPAP " The statement 
is not entirely clear on what form this 
support has taken, but Professor L 
Kerwin, IUPAP's secretary general, 
said this week that “this 1s nonsense ` 
IUPAP has always protested against 
attempts to limit the free flow of 
information amongst scientists IUPAP 
policy on this 1s quite clear, he said 

‘The union 1s in fact to have a meeting 
in Budapest later this month to discuss 
the problem Israel: scientists will be 
consulted before it takes place 


y 
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spot hormone assays At present in Old. 
ham, Mr Steptoe and Dr Edward have to 
rely on assays produced by a commercial 
company, with a consequent delay of 24 
to 36 hours in obtaining the results 
With timing of such importance in the 
entire process, an immediate assay from 
‘either blood or urine would be a great 
boost to the work 


/ 
SELECT COMMITTEE 


Critical] Comment 


SPARING no feelings, the Select Com- 
mittee for Science and Technology has 
laad the blame for the demise of 
Tracked Hovercraft Limited (THL) on 


- the doorsteps of what seems to be every- 


P 


one associated with the project In the 
committee’s report on THL published 
yesterday (Third Report fiom the Select 
Committee on Science and Technology, 
Tiacked Hoveiciaft Limited, Commons 
Paper 420, £0365), the National Re- 
search Development Corporation, the 
Department of the Environment, and the 
Department of Trade and Industry, as 
well as various managers and ministers, 
emerge with far from unblemished repu- 
tations But Professor Eric Laithwaite 
of Imperial College emerges as the poor, 
downtrodden hero of the entire affair 

The National Research Development 
Corporation 1s criticized for being a 
poor employer—“in our view the con- 
duct of the NRDC towards the staff of 
THL falls far short of that expected of 
a good employer”, and for not taking 
“sufficient action to obtain a definite 
decision from the government during 
197] and 1972" The select committee 
i$ also convinced that the structure of 
the NRDC is in need of “urgent financial 
review” In the light of the THL ex- 
perience the select committee feels that 
the financial constraints placed on the 
corporation are excessive and that “the 
existing organization 1s ill-suited to the 
management of complex developments” 
Accordingly, the committee feels that 
the time is ripe for a high level review 
of the “organization needed to develop 
innovation” and the terms of reference 
of the review should be wide enough 
for the organization of government 
departments to be considered also 

The Department of Trade and Indus- 
try ıs criticised for its piocrastination 
during the entire affair, and the com- 
mittee admits that it was startled by the 
department’s action “in making over to 
a private company [Hawker Siddeley] on 
a preferential basis, technology either 
owned by NRDC or existing at Imperial 
College” 

The select committee states that in its 
opinion the “Minister for Transport 
Industries and his Department evidently 
had no interest in the THL company 


whatever and precious little in the tech- 
nology” "It ıs incomprehensible”, 
continues the committee “that the 


X d 
department responsible for future trans- 
port requirements remained so aloof 
from an advanced transport project" 

But Professor Eric Laithwaite, who 
held the committee spellbound when he 
gave evidence, is compared with Sir 
Frank Whittle The attitude of official 
witnesses to Professor Laithwaite, says 
the committee “was an uncomfortable 
reminder of the treatment of Sir Frank 
Whitle by earlier governments” It is of 
little surprise that the committee recom- 
mends that the government should 
accept the proposals made by Professor 
Laithwaite and Imperial College that a 
"multi-user test facility" be set up at 
Earıth under the auspices of Imperial 
College “for the testing and development 
of large linear motors, high speed sus- 
pension systems and related techno- 
logy” But the committee are only too 
aware that this suggestion was given a 
most cool reception by Mr Michael 
Heseltine, Minister for Aerospace, when 
he appeared before them in July 

Mr Heseltine had his knuckles rapped 
by the committee for his handling of 
the announcement of the closure of 
THL On February 12, Mr Heseltine 
announced in the House of Commons 
that the government was still consider- 
ing whether or not to provide financial 
assistance to continue work at Earith, 
but evidence obtained from Mr Hesel- 
tine two days later revealed that the 
decision to cease work at Earith had 


E 
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been taken on January 29 The com- 
mittee concludes that “Mr Heseltine’s 
answer to Mr Stoddart’s question 

was therefore untrue” 

But THL is now defunct and nothing 
that the select committee can do can 
resurrect the project in its original form 
The committee ıs very concerned that 
such an occurrence should not happen 
in future and it again raises one of its 
favourite hobby horses that there 
should be a minister in the cabinet who 
“would bring about a significant im- 
provement in the management of 
research and development” 

The track still exists at Earith and 
the select committee feels that 1t should 
be put to use immediately The 
government, says the committee, should 
defray any costs connected with the 
retention of the site and its equipment 
and the completion of the test track 
The government should also meet the 
initial running costs of the centre by way 
of direct annual grant, including the 
costs of a permanent staff which will 
be responsible for the day to day 
management of the site 

The committee, as a nudge to Dr 
Dahrendorf, who has recently produced 
a policy for research in Burope based on 
collaborative research programmes, 
recommends to the government that it 
should use the facilities at Earith “with- 
in a European Research and Develop- 
ment programme” 
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ARBORICULTURE 


1974—Save a Tree Year? 


PRESSURE ıs mounting for an increase 
in research on amenity trees Follow- 
ing the recent ravages of Dutch Elm 
disease in Britain, an independent work-, 
ing party on research priorities for 
amenity trees was set up by the 
Association of British Tree Surgeons 
and Arborists last year It is due to 
report shortly 

The working party—which includes 
members of the Forestry Commission, 
the Natural Environment Research 
Council, the Association of British Tree 
Surgeons and various other interested 
bodies—has taken as its remit a com- 
plete review of the situation in Britain, 
which is so impoverished that only 
about £10,000 a year is spent on 
research on amenity trees other than 
elms, which have received more atten- 
tion since the Dutch Elm epidemic 

But Dutch elm disease ıs only part of 
the story Dr R G Pawsey of the 
Department of Forestry, University of 
Oxford and a menfber of the working 
party, pointed outJfin a lecture to the 
British Association. annual meeting 
recently, that other diseases—beech 
bark disease, sooty bark disease among 
Sycamores, ash decline and honey 


fungus—are wreaking great damage 
among amenity trees And this in a 
year in which the British public ıs being 
exhorted to plant trees 

Estimates of the damage caused by 
these diseases 1s largely guesswork as no 
survey of them has ever been under- 
taken The fear is that too little will be 
done too late, for lack of basic informa- 
tion about amenity trees Professor 
F T Last, Director of the Natural 
Environment Research Council's Insti- 
tute of Tree Biology and chairman of 
the working party, 1s a known advocate 
of greater expenditure on amenity tree 
research, and it seems likely that when 
the working party's report emerges later 
this year or early next, it 1s going to 
demand that more money be spent on 
an area of research that has been 
largely ignored in Britan. The working 
party has not reached any conclusions 
yet, but it is known that there is a high 
measure of agreement between the 
members of the committee as to what 
should be done 

The need is clearly felt among those 
in the field for a research unit 
specifically to study amenity trees, for a 
regular survey of disease among these 
trees, and for an information service to 
tell local authorities and the public what 
to do about amenity treé diseases 
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NEW WORLD 


Oceanography up 


by our Washington Correspondent 


IN language remarkable for its blunt- 
ness, a Presidential advisory committee 
has castigated the federal government's 
policies for marine research and ocean 
resource management The criticism, 
which centres chiefly on the fact that 
too many separate agencies have their 
fingers in the marine prie, is contained 
in a report made public last week by 
the National Advisory Committee. on 
Oceans and Atmosphere (NACOA), a 
25-member committee which met under 
the chairmanship of Dr William Nieren- 
berg, Director of the Scripps Institution 
of Oceanography The committee also 
expressed its alarm at recent cutbacks 
in funding for oceanographic research 

Three years ago, the National Oceanic 
and Atmospheric Administration 
(NOAA) was set up with high hopes 
that ıt would consolidate and coordinate 
the federal government's activities in 
marine and atmospheric affairs But 
from the start 1t was clear that NOAA 
would be incapable of bringing com- 
plete order out of the chaos because 
many important programmes and acti- 
vities remained out of its control-—off- 
shore oil, gas and mineral resource 
exploitation and management were left 
in the hands of the Department of 
Interior, for example, and responsibility 
for marine and atmospheric sciences 1s 
now spread over some nine departments 
and agencies In short, NACOA 
suggests that there are “too many actors, 
too many separate chains of command, 
too many crosscutting policies, too many 
separate budgets, appropriations and 
programs In this confusion, national 
priorities have no perspective and 
neither the Executive Branch nor the 
Congress ıs in a position to lead effec- 
tively, much less enforce accountability 
for results" 

There have, however, been a host of 
coordinating committees set up in the 
past few years to help overcome the 
fragmentation But "coordination is 
never enough", NACOA suggests, for 
"rarely does it involve table-pounding 
establishment of priorities, guidelines 
and new policies to meet new problems 
Especially when the budget gets tight, 
coordination ıs not by :tself tough 
enough to protect multiagency pro- 
grams” The truth of that statement 
can be seen from the impact of budge- 
tary cutbacks on oceanography 

On Christmas Day last year, the crew 
of the Eltanin, a research ship operated 
by the National Science Foundation, 
received word that their vessel would be 


Ihe Creek 


mothballed at the end of the voyage 
Along with two NOAA oceanographic 
ships, the Surveyor and the Discoverer, 
which were laid up earlier this year, the 
Eltanin has been taken out of service 
because of cutbacks in federal spending 
imposed by President Nixon as part 
of his strategy for holding down taxes 
The decimation of the oceanographic 
research fleet which NACOA reckons 
amounts to a reduction of about 25 per 
cent—has come, the committee says, “at 
a time when a long-cultivated collabora- 
tion between oceanographers and 
meteorologists is just beginning to show 
results and joint programs with foreign 
scientists are just beginning to material- 
ize” The reduction in the fleet, NACOA 
believes, “will have pervasive and long- 
felt effects” ° 
Another example of potentially 
damaging cutbacks in marine activities 
1S the fact that the Coast Guard has 
been forced to abandon three ocean 
data gathering stations this year, and 
will have to abandon three more next 
year The agency will then be left with 
a single station, manned for only 8 
months a year Yet, as NACOA points 
out, the stations’ functions of offshore 
weather and ocean monitoring are 


5 
“becoming more rather than less 
important to seagoing activities” To 


be sure, the functions of the Coast 
Guard stations are being taken over to 
some extent by satellite surveillance and 
by NOAA's data buoy programme, but 
NACOA suggests that these programmes 
will not be ready in time to fill the 
gap In other words, “what was a 
least harm cut to the Coast Guard was 
a far more serious one to an interagency 
program in the oceans and atmosphere 
which, in a certain sense belonged to 
no one" 

The Admunistration’s response to 
these charges, in the form of a set of 
comments prepared by Frederick B 
Dent, Secretary of Commerce, is that 
although the cutbacks are painful, no 
programme of “overriding national 
importance" has been sacrificed Never- 
theless, Dent announced that the con- 
cerns of NACOA “will be reviewed to 
see whether some restoration should be 
made ın fiscal year 1975 and beyond" 
As for the oceanographic fleet in parti- 
cular, Dent said that the cutback 
amounts to only 18 per cent, rather than 
25, but he has in any case asked the 
chairman of the Federal Council for 
Science and Technology (Dr Guyford 





WEATHER MODIFICATION 


Advice Ignored 


by our Washington Correspondent 


A YEAR ago, the National Advisory 
* Committee on Oceans and Atmosphere 
made known its concern about the 
shortage of funding and lack of direc- 
tion in the federal government's weather 
modification programmes The com- 
mittee recommended, among other 
things, that more attention. should be 
paid to basic research, that the National 
Oceanic and Atmospheric. Administra- 
tion should be given more of a leading 
role in developing policies and strategies 
for weather modification, and that 
Project Stormfury, a hurricane modifica- 
tion project, might be better moved from 
the Atlantic to the Pacific The com- 
mittee said in another report, published 
last week (see above), however, that few 
of 1ts recommendations have been taken 
up, and in fact, seme steps have been 
taken in the opposite direction 
For one thing, th&Bureau of Reclama- 
tion, in the DepartQent of Interior, has 
been given chief yesponsibility for the 
federal government's programmes in 
precipitation enhancement, and the 
budget has been cut in half “It is 
important to note”, NACOA said, “that 


precipitation enhancement ıs not ready 
for general operational use, and will not 
be, without much greater effort in 
research” Moreover, the funding for 
basic and field work in atmosphere and 
cloud physics has declined “to the point 
where the small cadre of experts built up 
over the last twenty years 1s in danger 
of being dispersed” Project Stormfury 
has also been suspended because of 
budgetary cutbacks, and will not be 
reinstated until sufficient numbers of 
suitably equipped aircraft are made 
ready 

Frederick B Dent, Secretary of Com- 
merce, has replied to NACOA’s com- 
plaints by saying that although they are 
"appreciated", some of them have 
already been taken care of He pointed 
out, for example, that there have been 
substantial increases ın some areas of 
funding for weather modification, partı- 
cularly for purchasing capita] equipment 
such as heavy aircraft Dent did not, 
however, address himself to NACOA’s 
complaints about lack of direction in the 
programme, or to the more fundamental 
charge that “there 1s a danger that the 
fufding authorities, in their quite proper 
zeal for practical results, will under- 
estimate'and undervalue the still exten- 
stve research that must precede reliable 
operational use" 
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Stever, Director of the National Science 
Foundation, which has a significant 
stake in the enterprise) to make a study 
of the effects 

NACOA also believes that the frag- 
mentation in the federal government's 
management of marine affairs has 
important implications for resource 
management and exploitation In parti- 
cular, it 1s not helping development of a 
strategy for exploiting oil and gas 
deposits on the outer continental shelf, 
and there 1s confusion over who has the 
chief responsibility for controlling the 
development of deep water ports 

But the committee does see a way out 
of the tangled situation in marine affairs 
—creation of a cabinet-level Depart- 
ment of Natural Resources which would 
bring together all the programmes that 
have a bearing on ocean and atmo- 
spheric affairs and place them in a single 
division President Nixon has proposed 
the setting up of such a department -- 
the Department of Energy and Natural 
Resources—but the fate of the proposal, 
which 1s now being considered in Con- 
gress, ıs anybody’s guess With the help 
of the growing concern over the energy 
crisis, however, it is generally considered 
that legislation setting up an umbrella 
department will emerge from Congress 
in some shape or form next year 


OIL SHALE 


Rootin’ in the Rockies 


by our Washington Correspondent 


IN the next decade or so, a remote area 
of the Rocky Mountains 1s likely to 
undergo a dramatic transformation At 
present a ranching and hunting area, it 
will probably become more and more 
industrialized and its population could 
almost double by 1985 The reason is 
that it 1s sitting on perhaps the richest 
oil shale field in the world, and the 
rapidly escalating cost of petroleum ıs 
making its exploitation increasingly 
attractive to the oil industry Sur- 
prisingly, however, proposals to open 
up the oil shale fields to commercial 
development have so far sparked little 
opposition from environmentalists, and 
they have certainly failed to achieve the 
notoriety of ventures such as the trans- 
Alaska pipeline 

The shale 1s concentrated in a forma- 
tion centred in the region where 
Colorado, Utah and Wyoming meet, and 
it is reckoned to contain some 1,800 
(US) billion barrels of crude oil Of 
that total, the National Petroleum 
Council reckons that about 130 (US) 
billion barrels are contained in deposits 
that can now be exploited economically, 
while the Department of Integor puts 
the figure at about 600 (US) billion 
By contrast, proven reserves of oil from 
other sources in the United States are 


reckoned to be about 425 (US) billion 
barrels 

Oil shale consists of organic deposits 
called kerogen, locked into rock To 
extract oil from the shale requires a pro- 
cess involving mining the shale, crush- 
ing it up and heating it in a closed 
retort , since it 1s such a costly process 
compared with drilling for conventional 
petroleum, the price of petroleum has 
to be right before exploitation becomes 
economically attractive Nevertheless, 
it is widely expected that sizable oil 
shale exploitation will take place over 
the next decade or so, and the Depart- 
ment of Interior ts hoping to lease six 
tracts of land-—two in each of Colorado, 
Utah and Wyoming- -for prototype 
commercial production Last week, the 
department published its final analysis 
of the likely environmental effects of the 
prototype programme, and it also took 
4 speculative look at the environmental 
damage likely to result from possible 
full-scale exploitation of the field 

A massive, six volume set of docu- 
ments running to some 3,200 pages, the 
environmental impact statement clearly 
shows that even the prototype pro- 
gramme will significantly alter the 
characteristics of the area, and that full 
commercial production will essentially 
change it from a rural to a semi-indus- 
trial region The prototype programme 
1s designed to allow the oil industry to 
develop the technology for full com- 
mercial exploitation. of the shale field, 
and it will probably result in production 
of up to 250,000 barrels of shale oil a 
day The department reckons, however, 
that as much as | million barrels of 
shale oil a day could be produced from 
the region by 1985 if the prototype 
programme proves the feasibility and 
acceptability of commercial production k 

As for environmental damage, the 
environmental impact statement shows 
that although the mining and processing 
operations will have to conform to pre- 
sent federal and state environmental 
laws, there will be irreversible effects 
The mining operations themselves will 
cause some damage, particularly in one 
tract in Colorado which will be surface 
mined—the others will be underground 
operations—but disposal of the crushed 
rock after removal of the shale oil will 
present a more difficult problem Some 
of the rock will be replaced in the mine 
Shafts, but the excess will be used as 
landfill There will also be adverse 
effects on air quality, resulting from 
dust and, more important, from sulphur 
dioxide emissions from the retorts 

But one of the chief problems 1s 
likely to arise fromf{the use of water in 
the extraction an processing opera- 
tions The region 19 arid, and already 
water is not in particularly plentiful 
supply Thus, the impact statement 
suggests that ultimately the availability 
of water could limit commercial exploit. 
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ation to about I million barrels of shale 
oil a day 

In the long run, however, the chief 
irreversible effect on the environment 
is likely to stem from the fact that oil 
shale production will attract many 
people to the area, resulting 1n a popula- 
tion boom which will result in nearly 
115000 people living in the region by 
1985, assuming full-scale commercial 
production is under way by then In 
1970, the seven counties that comprise 
the oil shale region had a total popula- 
tion of only 119,000 As the impact 
statement points out, “that oil shale 
basins are characterized by their wildlife 
resources, essentially undeveloped natu- 
1al resource condition, and limited 
human activity Thus the remote and 
primitive character of parts of (the 
region) will be lost” 


TENURE 


Getting Locked In 


'TENURE has been coming under increas- 
ing fire in the United States in the past 
few years, particularly in colleges and 
universities faced with rapidly escalating 
costs and a preponderance of red ink 
on the balance sheet Administrators in 
such institutions have complained that 
the growing proportion of teaching staff 
with tenure—appointments for life -1s 
gradually locking higher education into 
a set structure because it 1s making it 
difficult for institutions to respond to 
changing enrolment patterns by phasing 
out some courses and introducing or 
expanding others Their complaints 
have now been put into perspective by a 
survey carried out by the American 
Council on Education* According to 
responses from more than 42,000 col- 
lege and university teachers, the per- 
centage of faculty members holding 
tenured positions has increased from 
467 to 647% in the past four 
years One result of the trend is that 
some institutions have been forced to 
dismiss faculty members rather than 
give them tenure 

Alongside the increase in tenured 
faculty, the survey has brought to light 
the fact that the average age of 
academic teaching staff has increased 
(587% are over the age of 40, com- 
pared with 54495 four years ago) and 
the proportion of faculty members 
holding associate or full professorships 
has also gone up (from 423 to 50 7% 
Women and minority groups have 
also increased their representation on 
university and college teaching staffs, 
but hardly by leaps and bounds—the 
survey shows that their numbers grew 
from 191 to 20%,.and from 22 to 
2 996, respectively 

"Teaching. Faculty in. Academe 1972-73, 


$300 Available from ACE, 1 Dupont Circle, 
Washington DC 20036 


a^. 
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NEWS AND VIEWS 


Hydromechanics of Fish Migration 


IN a note in this issue of Nature (page 48) Weths discusses 
some aspects of the energetics of fish locomotion and con- 
cludes, on theoretical grounds, that 1t would be advanta- 
geous to swimming fish, ın terms of energy of movement 
as a proportion of a given total energy store, if their 
speed through the water was maintained at about one fish 
length per second Independent expermental evidence, 
not referred to by Weihs, suggests that this swimming 
speed may indeed have some physiological significance 
for ıt ıs at prolonged swimming speeds, above that of one 
fish length per second—where it has been shown in the 
coalfish Gadus vuens—that the diameter of the white 
(anaerobic) muscle fibres starts to increase 

Studies on schooling or shoaling of fishes have sug- 
gested that there 1s an upper limit to the searching speed 
of predators and that they could achieve this digit at 
speeds less than the cruising speed of three lengths per 
second established by experimental observations The 
underwater films of tuna from the RV Townsend Cronwell 
give the impression of rather slow and idle swimming 
between meals 

Weihs's conclusions suggest that the extent of a migra- 
tory circuit could depend on the size of the fish Further- 
more, as the migratory movements themselves—for exam- 
ple, feeding area to wintering area, and wintering area to 
spawning area—are seasonal, the distances between the 
area could be similarly limited The figures 1n the table 
below show the distances that various fish could cover 
each day when swimming at 1 length s 

It 1s known that herring in the North Sea may migrate 
about 600-800 miles yr! on a straight course and that the 
Arcto-Norwegian cod may cover 1,500 miles yr? Hence 
the least period spent on migration 1s 50-70 days for the 
herring and 30-60 days for the cod (or one sixth of the 
year) A straight course migration implies some orienta- 
tion to a current, which 1s unlikely « On more devious 
courses the fishes may spend a much greater part of their 
lives in migration The migratory range could perhaps 
be extended by behavioural or physiological adaptations , 
for example, the distance travelled could be substantially 
increased if the direction of migration was downstream 1n 
the direction of the maim ocean currents, rather than 
against them And in areas where tidal currents are 
significant, economies could be achieved, and the range of 
migration extended, if the fish jomed those tides which 
would carry ıt ın the direction of migration 





Length Species Speed in knots Distance covered in 24 h 








(cm) (nautical miles) 

10 Sprat 02 48 

25 Herring 05 120 

50 Small cod 10 240 ‘ 
100 Big cod 20 48 0 
150 Tuna 30 720 


A comparison between a cod and a salmon suggests A 


line of physiological adaptation Both fish, when sexually 
mature, are of similar size, say 70 cm Both species under- 
take long spawning migrations , mature Arcto-Norwegian 
cod move from Bear Island to the west Fyord, from 74° N 


to 68° N, and those salmon which spawn in the headwaters 
of the Fraser River, British Columbia, move from 49° N 
to 55° N, and then after having returned to their coastal 
waters from the high seas But although cod in the sea 
might have to swim against a 1 knot (50 cm?) current, the 
salmon in freshwater must swim against a very much 
faster flow and one suspects that a cod-like fish would 
not undertake the migration carried out by a salmon of 
similar size unless it was designed somewhat differently 
It 1s well known that the muscle systems of the two species 
are very different 

The energy devoted to swimming 1s equal to that devo- 
ted to maintenance Growth 1s proportional to converted 
food less maintenance Hence 1t might be expected that 
the more migratory fish grow less than the less migratory 
ones  Plaice migrate about half the distance of herring 
and are much larger But such comparisons cannot be 
extended very far 

Weihs's*argument draws attention to the fact that very 
little 1s known about the locomotory behaviour or swim- 
ming performance of fish on migration the information 
from tagging returns 1s very limited Recent advances in 
sonar techniques, both in North America and the United 
Kingdom, however, provide the means of tracking indivi- 
dual fish 1n lakes, rivers and the open sea for periods up 
to several days Data collected from such studies should 
go some way to fill in some of the gaps in knowledge 

From a Correspondent 


Magnetic Fields Adrift 


THar versatile genius, Edmond Halley, astronomer, 
geophysicist, navigator, and surveyor, made the first ex- 
tensive geomagnetic survey and drew up the first chart 
of magnetic declination, covering much of the Atlantic 
Ocean He noticed that the secular variation of the field, 
which had already been detected for London by Gelli- 
brand, a Gresham Professor of Astronomy, behaved as if 
the Earth's field were rotating ın a westerly direction 
relative to the surface of the Earth Halley then went on 
to propose a model of the Earth which 1s 1n some ways 
remarkably like the model now accepted of a core 
surrounded by a mantle 

There the matter rested, attracting little attention unul, 
some two and a half centuries later, Sir Edward Bullard 
re-examined the secular variation in Africa He and his 
colleagues showed that the secular variation could be 
accounted for by electrical currents flowing in closed 
loops near the surface of the liquid, electrically-conducting 
core of the Earth, the whole system drifting westwards 
relative to the surface of the Harth Apart from its 
account of the secular variation, this conclusion proved 
to be of great importance because 1t led Bullard himself, 
as well as others, to«xamine the possibility that the main 
field of the Earth might be generated by electrical currents 
maintained in the core by Some sort of dynamo action 

Malin and Saunders (see page 25 of this issue) have now 
re-examined the secular variation to see whether, as 
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hitherto assumed, the field appears to rotate about the 
geographical axis of the Earth, or whether a rotation 
about some other axis best represents the observed 
changes They find that indeed the apparent rotation 1s 
about an axis which differs somewhat from the geo- 
graphical axis, and not only that, but that the direction of 
the axis about which the field appears to rotate has under- 
gone a steady change from near Novaya Zemlya in 1945 
to near the geomagnetic pole north of Canada in 1965 
Malin and Saunders maintain that the departures from the 
geographic axis are significant, and they go on to develop 
the :mplications of their results for the dynamics of the 
Earth They argue that the difference they find implies 
that the angular momentum vectors of the core and mantle 
point m slightly different directions, rotating about the 
direction of the total angular momentum which 1s of 
course fixed in space 

Thus, 1t should be possible to observe a slight displace- 
ment of the pole of rotation of the mantle (that 1s, of 
observatories on the surface) from a direction fixed in 
space This conclusion 1s of particular interest Just now, 
for although the effect 1s at the limit of detection by con- 
ventional astronomy, it amounts to a daily variation of 
apparent position with an amplitude of some 5 cm, and 
may therefore be detected by laser ranging to the Moon 

Most aspects of the rotation of the Earth and the 
variations 1t undergoes are as obscure now as when Munk 
and MacDonald wrote their stimulating monograph (The 
Rotation of the Earth, Cambridge University Press, 1960) 
The work of Malin and Saunders calls attention to two 
means of studying variations of the rotation (the analysis 
of the geomagnetic field and laser ranging to the Moon), 
and may thereby help to elucidate the forces, whether of 
internal or external origm, which drive those variations 

From a Correspondent 


A MINOR revolution in molecular biology which has 
accompanied two recent discoveries 1s nowhere more 
apparent than 1n the study of messenger RNA and protein 
synthesis ın early embryonic development First, the dıs- 
covery that most messenger RNA molecules contain a 
poly (A) fragment has led to the development of methods 
for their purification by affinity chromatography beyond 
the dreams of even the most optimistic people a few years 
ago. Couple this with the discovery of reverse transcrip- 
tase, an enzyme which will copy RNA sequences primed 
by oligo (A,T) faithfully into DNA sequences which can 
then be used ın DNA-DNA hybridization reactions and 
so allow a simpler interpretation of the data Add to 
these such useful things as the modern, low background 
cell-free protein synthesizing systems and one has an 
almost complete tool kit for mvestigating one of the central 
problems in developmental biology today, namely the 
question whether or not the embryo inherits a maternal 
store of messenger RNA for use ın protein synthesis 
during early development If so, how 1s 1t used? 
Experiments on sea urchin and frog eggs and embryos 
during the past ten years led to the formulation of the so- 
called maternal messenger hypothesis It was shown that 
1n sea urchin embryos after fertilization there 1s an increase 
In the rate of protein synthesis (Epel, Proc natn Acad 
Sci, U S.A , 57, 899 , 1967) which is accompanied by the 
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conversion of monoribosomes to polyribosomes (Rinaldi 
and Monroy, Devl Biol , 19, 73 , 1969) and that until the 
late blastula stage this increase ıs not dependent on the 
presence of a nucleus, which could either be physically 
removed (Denny and Tyler, Biochem biophys Res 
Commun , 14, 245 , 1964) or chemically inactivated by 
actmomycin D (Gross, Malkin, and Moyer, Proc natn 
Acad Sci, US A , 51, 407 , 1964) without impairmg pro- 
tem synthesis Similar observations have been made for 
other invertebrates (Bell and Reeder, Biochim biophys 
Acta, 142, 500 , 1967 , Gould, Devl Biol , 19, 482 , 1969) 
with slight differences 1n regard to the timing and magni- 
tude of tbe effects 

A careful study of protem synthesis in Rana pipiens eggs 
and embryos (Smith, Ecker and Subtelny, Proc natn 
Acad Sci, US A, 56, 1724 , 1966) showed that enhanced 
protein synthesis can be detected 1n eggs during maturation 
before fertilization 1s possible but that fertilization itself 
does not result in any major quantitative change in the 
tate of protein synthesis It was also shown that the 
presence of a nucleus ıs not required for the enhanced 
synthesis during egg maturation (Ecker and Smith, 
Science, N Y , 160, 1115 , 1968) nor for its continuation 
after fertilization (Smith and Ecker, ibid, 150, 777, 
1965) It would seem that amphibians differ from inverte- 
brates in that the increase of protein synthesis occurs 
before fertilization but that the two groups are similar at 
these early stages of embryogenesis in the lack of arequire- 
ment for direct genomic control over protein synthesis 

The discovery of mitochondrial DNA in eggs and 
embryos (Dawid, Proc natn Acad Sci, USA, 56, 
269, 1966, Piko et al, ibid, 59, 838, 1968) and the 
demonstration of cytoplasmic RNA synthesis resistant 
to actinomycin D in sea urchin embryos (Selvig et al, 
Devi Biol , 22, 343 , 1970 , Craig, J molec Biol , 47, 615, 
1970) led to doubts concernmg the validity of the inter- 
pretation of results on protein synthesis 1n enucleate and 
actinomycin D treated embryos Work by Craig and 
Piatigorsky (Devl Biol , 24, 214 , 1971) showed, however, 
that even in enucleate sea urohm embryos treated with 
ethidium bromide, m which cytoplasmic RNA synthesis 
4s severely curtailéd, protein synthesis at fertilization is 
only slightly affected and the nature of the proteins made 
is not changed at all Although ethidrum bromide causes 
morphological abnormality in these embryos the general 
conclusion that neither nuclear nor mitochondrial RNA 
synthesis 1s required for the increased translation at 
fertilization seems valid Chase and Dawid (Devi Biol, 
27, 504, 1972) found that in Xenopus embryos mito- 
chondrial RNA synthesis starts at gastrulation and there- 
fore can have no influence on protein synthesis ın early 
development 

Further evidence m support of the maternal messenger 
hypothesis comes from RNA/DNA hybridization experi- 
ments Davidson and Hough (J molec Biol, 56, 491, 
1971) showed that approximately 01% of the RNA ina 
mature Xenopus oocyte hybridizes to 12% of the unique 
fraction of the Xenopus genome If hybridization to unique 
DNA is an adequate criterion for identifying messenger 
RNA then the mature Xenopus egg contams enough 

farna to code for 30,000 different proteins with messages 

of the size of globin mRNA (molecular weight 200,000) 

Recently Slater, Slater and Gillespie (Nature, 240, 333 , 
1972, Pioc natn Acad Sa, USA, 70, 406, 1973), 
using hybridization of poly (U) to detect poly (A) sequen- 
ces, have demonstrated the presence ın unfertilized sea 


ey): 
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urchin eggs of an RNA fraction with a heterogeneous 
sedimentation profile containing poly (A) A similar RNA 
fraction ıs also present ın fertilized eggs It seems that 
the size of the poly (A) fragment in unfertilized eggs 1s 
one half of that found m two cell embryos and the doubling 
in size occurs at the end of the one cell stage just before 
the first cleavage This doubling is not correlated with 
the increase m protein synthesis which takes place soon 
after fertilization and 1s not dependent on continued pro- 
tem, nuclear or cytoplasmic RNA synthesis The poly (A)- 
containing RNA has been localized in the unfertilized 
egg 1n a poorly characterized subribosomal fraction which 
rapidly shifts in fertilized eggs into a so-called ribosomal 
fraction 

Slater et al were able to show that exogenous poly (A) 
does not bind fortuitously to RNA nor to ribosomes from 
newly fertilized eggs Although the poly (A)-containing 
RNA and ribonucleoprotein particles described in these 
two articles are inadequately characterized, the work does 
suggest that unfertilized sea urchin eggs contam a popula- 
tion of mRNA molecules which shift from a subribosomal 
fraction, presumably mactive ın protem synthesis, into a 
ribosomal fraction, presumably active in protein synthesis, 
in newly fertilized eggs Epel (loc cit) observed in the 
sea urchin Lytechinus pictus (the animal used by Slater 
et al) that after fertilization there 1s a lag of 5-6 min 
before a detectable increase 1n incorporation of *C-leucine 
occurs It 1s clearly important to know how well corre- 
lated the increase ın protein synthesis ıs with the shift of 
poly (A) RNA to the ribosomes 

Epel’s paper also suggests that the increase in relative 
rate of protem synthesis at fertilization is five times, but 
Slater et al show that 30 min after fertilization the embryo 
contams only 27 times more poly (A) RNA associated 
with ribosomes than the unfertilized egg If these esti- 
mates are a fair measure of mRNA active in translation 
at these two stages 1t must be concluded that the mRNA of 
unfertilized eggs ıs translated less efficiently than that of 
fertilized eggs 

This conclusion does not agree with observations by 
Humphreys (Dev! Biol, 20, 435 , 1969) who, also using 
Lytechinus pictus, investigated the possibility that fertili- 
zation results 1n increased utilization of mRNA, based on 
higher rates of initiation or elongation of nascent chains, 
rather than increased availability One consequence of 
an increased rate of initiation would be an increase in the 
average size of the polyribosomes and he was able to show 
that this does not occur—polysomes are the same size 
before and after fertilization A consequence of an 
increased rate of elongation would be decreased transit 
times from initiation to termmation provided the size 
of the mRNA 1s the same He was able to show that the 
average size of the proteins does not change and therefore 
presumably neither does the average size of the messages 
being translated and, moreover, the average time for the 
synthesis of a protein 1s the same in both unfertilized and 
fertilized eggs He also estimated that the increase in 
relative rates of protein synthesis was fourteen times, ae 
value almost three times greater than Epel’s estimate, 
and concluded that the only explanation for his results 
can be that fourteen times more mRNA ıs used after 
fertilization than before This suggests that the mechan-e 
ism which controls increased protein synthesis at fertiliza- 
tion 1s not based on some lesion in the protein synthetic 
machinery itself but on the increased availability of a set 
of mRNA molecules 
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Investigation of the nature of the mechanism controlling 
the onset of increased protein synthesis at fertilization in 
sea urchins has chiefly centred on examining the different 
components of the apparatus for protem synthesis for 
defects and inhibitors Suggestions range from madequate 
activation and availability of transfer RNA (Maggio and 
Catalano, Archs Biochem Biophys , 103, 164, 1963, Glisin 
and Glisin, Proc natn Acad Sci, U S A , 52, 1548 , 1964, 
Ceccarim et al, ibid , 58, 2235 , 1967) through inhibited 
or mefficient ribosomes (Hultin, Expl Cell Res, 3, 494, 
1961, Candelas and Iverson, Biochem biophys Res 
Commun, 24, 867, 1966) and inactive polysomes or 
mRNA ribosome complexes (Piatigorsky, Biochim bio- 
phys Acta, 166, 142 , 1968 , Monroy et al, Proc natn 
Acad Sc, USA, 54, 107, 1965) to 1nactive mRNA 
protein particles (Mano and Nagano, Biochem biophys 
Res Commun, 25, 210, 1966 , Spirin, Cur Top Dev 
Biol, 1, 1, 1966) The work on tRNA availability and 
activation seems to be in agreement that it 1s not limiting 
protein synthesis in the unfertilized egg Experiments to 
test the activity of unfertilized and fertilized sea urchin 
egg ribosomes im vitro show that there ıs no difference 
when primed with synthetic polynucleotides (Stavy and 
Gross, Biechim biophys Acta, 182, 193 and 203, 
1969) 

Such experiments suffer from the inability to test for 
defects ın the normal process of initiation which in 
eukaryotes relies on che binding of met-tRNA to small 
ribosome subunits before mRNA binding (Darnbrough 
et al, J molec Biol, 76, 379, 1973) Recent work 
(Metafora et al, Proc natn Acad Sci, USA, 68, 600, 
1971 , Gambino er al, Biochim biophys Acta, 312, 377 ; 
1973) has identified an inhibitor of protem synthesis in salt 
washes of ribosomes of unfertilized but not of fertilized 
sea urchin eggs The inhibitor reduces the rate of elonga- 
tion measured in the rabbit reticulocyte cell-free system 
and its removal from ribosomes at fertilization 1s supposed 
to account for the increased translation observed It 
should be pointed out that Humphreys (loc cit) found 
no difference in the rate of elongation before and after 
fertilization and that the stoichiometry of the imhibitor 
action leaves much to be desired because to obtain a 5096 
inhibition of poly (U)-primed phenylalanine incorporation 
by a given amount of ribosomes from sea urchin embryos, 
salt wash protem from approximately fifty times the 
amount of unfertilized egg ribosomes has to be added 

The best explanation for increased protein synthesis 
after fertilization in sea urchins lies with the maternal 
messenger hypothesis At fertilization some ill-defined 
parameter increases the availability for translation of a 
store of mRNA molecules laid down in the egg during 
oogenesis It seems likely that within the near future 
isolation of this maternal store of message on poly (U) or 
oligo (dT) columns will allow direct tests for 1ts ability to 
promote protem synthesis i vitro for the spectrum of 
proteins for which 1t codes, and for 1ts ability to hybridize 
with DNA Using these direct assays it will be possible to 
find out if the developing oocyte synthesizes two kinds of 
mRNA—one which it stores and the other which ıt trans- 
lates—or whether protein synthesis ın unfertilized eggs 
is on a small random sample of all messages It will be 
possible to tell when during oogenesis and development 
these messages are transcribed and translated and eventu- 
ally 1t may even be possible to suggest in detail how the 
increase in protein synthesis at fertilization occurs 

PIF 
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ANZAAS 


Pepping Up the Cow 


from a Correspondent 


AT one of the more significant inter- 
section symposia at the ANZAAS Con- 
gress, which was held in Perth from 
August 13 to 17 (see also Nature, 244, 
534 , 1973), the role of polyunsaturated 
fats in animal production and human 
nutrition was discussed Local research 
in this field was given strong impetus by 
the development in 1967 by Dr K 
Ferguson (CSIRO Division of Animal 
Physiology) of a method for protecting 
the essential amino acid methionine with 
formaldehyde in order to bypass the 
rumen of the sheep, thereby increasing 
the wool yield This idea was later ex- 
tended by Dr T Scott of the same 
laboratory to protecting polyunsaturated 
fats 1n order to increase animal produc- 
tion generally 

At the ANZAAS Congress Dr Scott 
reported how this idea has now been 
developed to the point where the research 
and development activity for commer- 
cial application has become the largest 
such effort between government science 
and industry in Australian history After 
world-wide competition, CSIRO granted 
licences on a world basis to a new com- 
bine, Dalgety-Agrihnes Ltd, for a 
record fee in return for exclusive royal- 
ties The process has been patented in 
many countries, and the Australians 
claim that there 1s no competition for its 
unique features 

The process depends on the micro- 
encapsulation of globules of lipids, 1 jum 
in diameter, from sunflower or safflower 
oil seeds, with monomolecular layers of 
protein In sheep and cattle, the protein 
envelope remains stable in the rumen 
where the pH is approximately 6, but 
dissolves in the abomasum (the third 
stomach) where the pH 1s 2 In the 
abomasum, as the protein envelope 
comes off, the fat 1s absorbed by the 
duodenal mucosa and 1s carried away by 
the blood stream and lymphatic system 
to be metabolized normally By this 
device, the rumen is bypassed, the 
hydrogenation process which usually 
converts the polyunsaturated portion of 
the fats in pasture grass in the animal's 
normal food into the saturated form is 
thus avoided (roughly 5% of pasture 
grass 1s fat, of which about 75% 1s poly- 
unsaturated) 

This process makes available to the 
animal up to 40% of the energy obtain- 
able from the fats, which 1s otherwise 
obtained by the bacteria in the rumen 
experiments have demonstrated ın- 
creases in yields of milk, butterfat con- 
tent in milk and growth rates of both 
cattle and sheep Moreover, by using 
polyunsaturated fats, as in sunflower 
seeds, the milk and meat products from 
the animal show increases in the ratio of 


polyunsaturated to saturated fats. In 
meat, for example, there is a relative 
increase 1n linoleic acid, the polyunsatu- 
rated fat believed to have an important 
effect on serum cholesterol levels in the 
human blood At ANZAAS, figures 
were quoted which showed that, after 
supplementing the normal food of cattle 
with 3 kg of protected lipid per day, for 
40 days, the proportion of polyun- 
saturated fats in tissue fat increased 
from about 4% to 30% With dairy 
cattle a similar effect on milk is notice- 
able within 3 days Dr J Wilson, the 
Technical Manager for the Australian 
branch of the international. company 
which has a 3-year programme for test- 
ing and developing the process ın Aus- 
tralia, New Zealand, the United King- 
dom, the United States and Canada, told 
the congress that many scientific prob- 
lems remain to be solved The milk 
products, for example, are too easily 
oxidized, and optimum conditions have 
to be found for dairy processes such as 
pasteurization, curing and culturing 
The process of microencapsulation is 
simple and cheap to establish A plant 
producing about 1 tonne per hour will 
cost about $A120,000 The whole oil 
seed 1s first crushed with water and 5% 
casein or other protein source in alka- 
line solution, and the mixture 1s homo- 
genized in a colloid mill causing disper- 
sion of the fat globules in the aqueous 
phase The third stage involves treat- 
ment with a small amount of formalde- 
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hyde which causes the protein matrix 
surrounding each fat globule to shrink 
and harden Finally, the material is 
flash dried 

Conflicting evidence was presented to 
the congress about the medical effects 
of polyunsaturated foods Dr P Nestel 
(Clinical Science Department, Austra- 
lian National University) reported evi- 
dence that lowering of serum cholesterol 
reduces the risks of arteriosclerotic 
heart disease Headlines in the popular 
press were, however, generated by a 
pathologist at the same university, Dr C 
West, who questioned the safety of poly- 
unsaturated foods , he claimed that tests 
in the United States had shown that a 
person on such a diet suffers increased 
risk of gallstones and cancer This 
claim was contested by Drs Wilson and 
Nestel who said that it was not new, 
was not based on sound evidence, and 
referred to the benzpyrenes and poly- 
cyclic hydrocarbons found in vegetable 
oils and not to polyunsaturated fats 
such as the ones described here 


New Copper Process 


Another promusing industrial process 
was reported to the congress by Dr A J 
Parker (Australian National University) 
who has recently been appointed Foun- 
dation Professor of Chemistry at the 
new Murdoch University in Western 
Australia from 1974 In his Liversidge 
Lecture (in memory of a pioneer Austra- 
lian chemist), Dr Parker described how 





Polymerases Galore 


NATURE, both in reality and its 
journalistic reflexions, of late, 1t seems, 
abounds in DNA polymerases The 
role of DNA polymerase I 1s the topic 
of a communication by Goebel and 
Schrempf in Nature New Biology next 
Wednesday (September 12) ; ın the issue 
for August 22 Masker and Hanawalt 
(Nature New Biology, 244, 242 , 1973) 
discussed the excision repair function of 
DNA polymerase IJ and Youngs and 
Smith. (ibid, 240) a similar function of 
DNA. polymerase III 

Goebel and Schrempf exploited a 
mutant of Escherichia colt which con- 
tains a temperature sensitive DNA poly- 
merase I Their technique was to 
examine the sensitivity of supercoiled 
DNA of colicinogenic factor E 
implanted in the mutant to RNA- 
degrading conditions (ribonuclease and 
alkali) after pulse-labelling and chasing 
with tritiated thymine for varying 
lengths of time at $ permissive tem- 
perature (30° C) ang at a temperature 
(43? C) that inactivatés the DNA poly- 
merase I both in vivo and in vitro The 
supercoiled DNA of the mutant, pulse- 
labelled at either temperature, is parti- 
ally sensitive (converted to the “relaxed” 


or open circular form) to RNA-degrad- 
ing conditions After chase, however, 
e a smaller proportion of the DNA puri- 
fied from the sample incubated at the 
lower temperature 1s affected by such 
treatment Supercoiled DNA in the 
parent strain grown at either 30° or 
43° C 1s almost completely resistant to 
RNA-degrading conditions Only the 
small fraction of RNA-containing 
nascent supercoiled DNA from the 
parent strain is sensitive, as detected 
by pulse-labelling the RNA 
Goebel and Schrempf suggest that 
DNA polymerase I 1s responsible for 
excision of RNA involved briefly in the 
origin of DNA replication and sub- 
sequently replaced by DNA (see Nature, 
244, 483, 1973) Their interpretation is 
consistent with the known exonucleo- 
lytic activities of DNA polymerase I 
Once the RNA 1s excised DNA poly- 
merase I also apparently repairs the gap, 
now in its synthetic functional mode 
Unpublished data obtained by the same 
authors are cited to suggest that poly- 
merase I may synthesize the whole of 
Col E, DNA, unassisted by either DNA 
polymerase IE or III This role 1s nor- 
mally attributed to DNA polymerase III 
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he and his colleagues ın Canberra had 
discovered new chemical reactions for 
extracting and refining copper, and 
applied for patents ın twenty-nine coun- 
tries for them If successfully developed 
to a commercial stage, these reactions 
could replace the conventional pyro- 
metallurgical process which consumes 
twice as much energy and emits noxious 
sulphur dioxide as a byproduct 

In the hydrometallurgical process 
crude cuprous sulphide 1s dissolved 1n an 
acetonitrile/water solution On distil- 
ling off the acetonitrile, the cuprous 10ns 
disproportionate into pure copper, which 
1s precipitated, and cupric 10ns, which 
take part in the first reaction Pure 
sulphur, rather than sulphur dioxide, 1s 
a byproduct Dr Parker claimed that 
a practical process developed from these 
reactions would be rapid, cheap and 
environmentally clean It awaits the 
development of a pilot plant, and to 
encourage industry to undertake this and 
to handle patents, the ANU has formed 
a company ANUMIN 


CONTRACEPTIVE PILL 


Link with Thrombosis 


from a Correspondent 


Ir is well recognized that the contracep- 
tive pill should not be used by certain 
women, for example those with a history 
of thrombosis, diabetes, liver diseases 
and raised blood pressure ‘There has 
not been such strong evidence for a lınk 
between heart attacks 1n young women 
and the pill, but several reports have 
suggested that a link may exist Radford 
and Oliver have now published further 
work which strongly suggests that the 
pill may be a cause of ischaemic heart 
disease ın young women (Brit med J,e 
3, 428 , 1973) 

The evidence comes from a compari- 
son of the usage of the pill in young 
women with heart disease with that in 
the general population. Admissions to 
the coronary care unit of the Royal 
Infirmary of Edinburgh were studied 
over a three-year period and twenty-two 
women aged between thirty-one and 
forty-five were diagnosed clinically and 
biochemically as having had a coronary 
thrombosis Six of these (27%) had 
been taking the pill at or just before the 
occurrence of the attack, and of the 
nine 1n the age group thirty-one to forty, 
ın which coronary thrombosis 1n women 
is a fairly rare occurrence, five had been 
taking the pill (55%) 

This compares with figures from 
various studies which indicate the usage 
of the pill in the general population to 
be between 13 and 17% But most 
users are below the age of thirty, and the 
authors estimate a usage rate of 83% 
1n women agedbetween thirty and forty- 
five and 10 895 ın women aged thirty to 
thirty-nine So Radford and Oliver 


say that the figures which they obtained 
for the proportion of pill-takers among 
the women admitted with thrombosis— 
27% and 55% in the two age groups— 
are significantly greater than expected 

The main thrust of the article, how- 
ever, 18 to support the view that women 
who already have any likelihood of 
developing coronary thrombosis are 
best advised not to take the pill The 
authors found that each patient had at 
least one factor recognized as predis- 
posing them to coronary thrombosis, and 
the average number of factors was 26 
Some of these factors, such as increased 
blood pressure and obesity, can be 
easily checked in a routine examina- 
tion, but some of the other factors, 
raised serum cholesterol levels for ex- 
ample, are not normally looked for in 
the routine examination which precedes 
a prescription for the pill So one of 
the recommendations that follows from 
this work is that these more sophistica- 
ted tests should be carried out in pros- 
pective users of the pill with a «family 
history of coronary thrombosis occur- 
ring at an early age 

One curious finding was that of the 
four women between thirty-one and 
forty not on the pill yet who developed 
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coronary thrombosis, three bad been 
sterilized Removal of the ovaries 1s 
known to affect blood cholesterol 
levels, but in these three cases the 
ovaries were intact, sterilization having 
been effected by removal or ligation of 
the Fallopian tubes Two of these 
women had no known risk factor for 
coronary thrombosis As the authors 
point out, this association between 
sterilization and coronary thrombosis 
may well be a chance finding But as 
sterilization is sometimes recommended 
as an alternative to the pill for women 
seemingly at risk from coronary throm- 
bosis, this finding deserves further 
investigation 


PROTONS 


300 GeV Disappoints 


from a Correspondent 


WirH the first of the very high energy 
proton synchrotrons coming into opera- 
tion at the National Accelerator Labora- 
tory, near Chicago, it would be sur- 
prising if nuclear physicists were not 
in for some surprises Naturally the 
main interest 1s the study of the inter- 
actions and properties of elementary 





Decoortination of RNA und Protein Synthesis 


IN Natuie New Biology next Wednesday 
(September 12) Foury and Goffeau 
show that RNA synthesis 1n yeast, like 
that ın bacteria, responds to inhibitors 
of protein synthesis In yeast cyclo- 
heximide, among other antibiotics, 
specifically inhibits protein synthesis , 
chloramphenicol achieves a similar 
inhibition of protein synthesis in 
bacteria Normally, when growth is 
restricted in the case of both micro- 
organisms (this may be achieved in a 
number of ways, for example, depriva- 
tion of an energy or nitrogen source) 
RNA synthesis 1s reduced Conversely, 
1n normal growth conditions, the 1nhibi- 
tion of protein synthesis with the 
appropriate antibiotics in yeast, as in 
bacteria, likewise depresses RNA 
synthesis 

A combination of the two types of 
“inhibitory” conditions, however, in 
both yeast and bacteria, leads to a 
stimulation of RNA synthesis The 
authors show that the apparent increase 
of RNA synthesis in yeast 1s not due to 
increased cellular permeability to the 
relevant metabolites or decreased RNA 
degradation. \ 

The mechamism¥responsible for the 
increase in RNA synthesis 1s well under- 
stood in the case of bacteria Stress 
conditions lead to an accumulation, 
dependent on protein synthesis, of 
guanosine tetra- and pentaphosphate 


(inhibitors of RNA synthesis) Inhibi- 
tion of protein synthesis 15 accompanied 
by a fall in the cellular concentration of 
the inhibitors of RNA synthesis and a 
consequent increase 1n the level of RNA 
synthesis 

The similarity in the effects of cyclo- 
heximide 1n yeast and chloramphenicol 
m bacteria suggests that the downshift 
conditions might produce the accumula- 
tion of an inhibitor of protein synthesis 
like ppGpp 1n yeast, but this particular 
substance has not been detected in 
eukaryotic cells An alternative possi- 
bility 1s that cycloheximide stimulates 
the production of a positive control 
agent in yeast, for example, cyclic 
AMP, which 1s known to stimulate 
RNA synthesis ın shiftdown conditions 
in yeast The relation, however, 
between the effects of cyclic AMP and 
cycloheximide remains speculative 

The common denominator in pro- 
karyotes and eukaryotes seems to be a 
protein, most likely an enzyme, which 
is turned over rapidly in the cell (and 
therefore disappears quickly in the 
presence of a protein synthesis inhibi- 
tor), and which 1s responsible for either 
synthesis of a low molecular weight 
substance that negatively controls RNA 
synthesis (in prokaryotes) or degrada- 
tion of a low molecular weight sub- 
stance involved in positive regulation 
(eukaryotes?) 
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particles, but nuclear physicists and 
chemists are also going to use these 
machines for studies of the interactions 
of high energy particles with nuclei and 
of the wide variety of products formed 
in these interactions An experiment 
described by English and colleagues of 
Purdoe University in. Physical. Review 
Letters (31, 244, 1973) shows that the 
interaction of 300 GeV protons with 
silver nuclei 1s remarkably similar to 
that found with 11 5 GeV protons—an 
unexpected and perhaps slightly dis- 
appointing result. 

In the experiment silver foils were 
irradiated m a 300 GeV proton beam 
from the NAL accelerator After the 
irradiation, and without any chemical 
processing, radioactive products formed 
in the target were then detected and 
identified using a y-ray spectrometer 
A high resolution Ge detector was used 
together with a very detarled computer 
analysis of the spectra obtained The 
targets were counted for between 1 and 
3 months following the irradiation The 
assignment of the observed y-ray peaks 
to specific nuclides was then made on the 
basis of measured energies and half 
lives 

From the very complicated spectra 
observed, twenty-seven different nuclides 
ranging from "Be to "mAg were identi- 
fied and their production cross-section 
measured The results were compared 
with similar measurements using 115 
GeV protons and the production cross- 
sections found to be remarkably similar 
in the two cases for all the nuclides 
measured The weighted average of 
the production cross-sections at 300 GeV 
to those at 11 5 GeV ıs 0914007 

The mass range of the reaction pro- 
ducts includes those from relatively 
simple nuclear reactions, those of more 
complex spallation reactions and light 
fragments Another recently reported 
study has also shown that spallation 
cross-sections for vanadium and cobalt 
remain constant between proton 
energies of 115 and 300 GeV The 
fact that the results from the heavier 
target, silver, also do not change between 
115 and 300 GeV indicates that the 
Spectrum of excitation energies does not 
change significantly between these two 
meident proton energies Although it 
is known that meson production 
increases markedly in this energy range, 
the increase is not reflected in the 
excitation energy of the struck nucleus 
This suggests that most of the mesons 
escape from the nucleus without inter- 
acting or significant energy loss 

These results are 1n contrast to those 
reported at lower energies where, for 
example, 1t 1s found that between 3 and 
29 GeV reactions which require very 
high excitation become more. pfobable 
at the higher energy Evidently this 
trend does not continue as the incident 
proton energy is raised still further But 


one js reminded that activation studies 
do not provide a complete picture of 
nuclear interactions—for that one must 
await more detailed and extensive 
experiments 


NUCLEAR STRUCTURE 


Alphas on the Surface 


from our Nuclear Theory Correspondent 


ADDITIONAL evidence in support of the 
presence of alpha particles on the 
nuclear surface has recently been 
obtained from studies of the energy dis- 
tribution of the alpha particles emitted 
when heavy nuclei are bombarded by 
17 MeV protons 

A typical spectrum for the nucleus 
indium-115 obtained by Braga-Marcaz- 
zan and Milazzo-Coli (Nuovo Cim 
Lett, 6, 357, 1973) ıs shown in the 
figure The peaks at the higher energies 
correspond to alpha particles leaving the 
residual nucleus in a particular excited 
state, and the continuum at lower 
energies corresponds to those emitted 
from compound nucleus statistical pro- 
cesses 

The statistical evaporation of particles 
from an excited nucleus and the varia- 
tion of nuclear temperature with excita- 
tion energy are well understood, so that 
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the energy spectrum of the alpha par- 
ticles from the compound nucleus can 
easily be calculated When this 1s done 
the resulting spectrum accounts very well 
for the alpha particles of lower energies 
(the dashed curve in the figure), but falls 
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Energy spectrum of alpha particles 
emitted at 90° from the interaction of 
17 MeV protons with indium-115 
X, Experimental data, — — —, 
Statistical theory, and —— , pre- 
equilibrium theory The full line 1s 
their sum and is in good agreement 
with the data 


far short of the intensity found at 
higher energies 

These alpha particles of higher energy 
can be understood as comung from 





Aleutian Earthquakes Relocated 


WHEN a lithospheric plate 1s overthrust 
In an island arc region ıt appears to dip 
steeply down into the upper mantle and 
in the duration of ten million years 
become assimilated The depth at 
which submerged plates no longer show 
their presence by seismicity is anything 
from 200 to 700 km The process of 
turning through 45? or more at the 
island arc and the shape of the plate 
after the turn are matters open to con- 
siderable doubt — Clearly the region 
just below the arc 1s one of high lateral 
heterogeneity in physical properties, and 
thus although geophysicists rely very 
much on earthquakes to tell them both 
the location of highly stressed regions 
and the physical properties of the Earth, 
they are in some difficulty when study- 
ing those regions where near the seismic 
source the physical properties are so 
disturbed It 1s like viewing a point of 
light through frosted glass and trying to 
infer both the position of the light source 
and the properties ofgthe glass 

The Aleutians sefa arc 1s an excel- 
lent example of this Nuclear explosions 
fired on Amchitka are regularly misloca- 
ted by tens of kilometres owing to the 
presence of the underthrust plate The 
true location of these explosions 1s well 
known, however, so a start can be made 


on simulating an upper mantle structure 
to reproduce the muslocation This 
structure looks like a drooping tongue, 
about 80 km thick and 250 km long with 
eseismic velocity 7% higher in the centre 

of the tongue than in an “average” uppe, 
mantle 

In Nature Physical Science next Mon- 
day (September 10) Engdahl takes the 
Aleutians study considerably further If 
the structure 1s indeed of this form, deep 
earthquakes in the slab can be located 
more precisely by allowing for this struc- 
ture in the location process rather than 
assuming that the Earth is laterally 
homogenous 

The improved location technique 
brings all events into a narrow band 
about 10 Km thick This is an 1mport- 
ant corroboration of work in other island 
arcs which has suggested (by different 
methods) that the region of the dipping 
plate which has the potential to generate 
earthquakes 1s many times narrower 
than the total thickness of the plate 
Engdahl also sees from this careful study 
a poss ble correlation between vulcanism 
and deep seismicity .He proposes that 
vulcanism may require the presence of 
earthquakes at depths of*100 to 125 km 
This ıs a proposal which needs careful 
examination 1n other island arcs 
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decays taking place before full statistical 
equilibrium has been established The 
model ıs that the incident proton inter- 
acts with an alpha particle on the nuclear 
surface to form a local “hot spot”, or 
pre-equilibrium excited state consisting 
of the incident proton, the alpha particle 
and the alpha hole This state can decay 
either by the emission of an alpha par- 
ticle or by the excitation of more 
nucleons leading eventually to the full 
statistical sharing of energy in the com- 
pound nucleus In the case of immediate 
alpha emission the alpha particles natur- 
ally have, on the average, a higher 
energy than those from the later decay 
of the compound nucleus, because the 
temperature of the “hot-spot” 1s much 
greater than that of the final compound 
nucleus This process of alpha-particle 
emission ıs called “pre-equilibrium emis- 
sion" 

The theory of pre-equilibrium emis- 
sion. has been developed by Griffin 
(Phys Rev Lett, 17, 478, 1966) and 
others, and enables the energy spectrum 
of the alpha particles to be calculated 
The spectrum found in this way 1s shown 
by the dot-dash curve 1n the figure, and 
accounts very well for the more energetic 
alpha particles not given by the statistical 
theory 

All the parameters of the theory, in- 
cluding the proton-reaction cross-section, 
the single particle level densities, the 
excitation energies of the residual and 
compound nuclei and the matrix ele- 
ment describing the effective two-body 
interaction, are already known Only 
the parameter describing the probability 
for the incoming proton to strike an 
already formed alpha particle in the 
nucleus instead of a nucleon remains to 
be determined by normalizing the 
theory of the experimental data Thise 
probability ranges from 01 to 08 for 
different nuclei and ıt will be an 1mport- 
ant test of the model to see 1f 1t can be 
calculated accurately from the struc- 
tures of the nuclei concerned 

Subject to this necessary test, this 
theory gives a plausible account of the 
origin of the energetic alpha particles 
emitted from highly excited nuclei, and 
provides additional evidence favouring 
the presence of alpha particles on the 
nuclear surface 


COSMOLOGY 


QS0 21-cm Line Found 


by our Cosmology Correspondent 


THE origin of QSO redshifts remains a 
contentious issue But the reported 
detection of the 21-cm hydrogen line in 
absorption at a redshift of 0 692154 in 
the QSO 3C286 suggests that at least 
815% of the, emission line redshift of 
that object (z—0 849) ıs cosmological 
Accord:ng to Brown and Roberts, the 


most likely origin of this line ıs in a 
galaxy lying in the line of sight between 
Earth and 3C286 They have searched 
for just such an effect in several QSOs, 
using the NRAO 300-foot telescope with 
a receiver tunable over the range 0 75 to 
1 GHz The 3C286 spectrum search 
revealed a feature at 767974 MHz, 
corresponding to a redshifted 21-cm 
line, first at a bandwidth of 10 MHz 
and then with 5 MHz and 125 MHz 
bandwidths A shift of 10 kHz over a 
period of 15 d, caused by the Earth's 
motion around the Sun, was also ob- 
served (Astiophys J Lett, 184, L7, 
1973) 

Brown and Roberts “confidently ex- 
clude” the suggestion that the line 1s a 
recombination feature, because no other 
such features occur in the interval 
searched The position of the line also 
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rules out a molecular origin in a cloud 
within our Galaxy One obvious origin 
might seem to be in a cloud ejected from 
the QSO, as suggested by some QSO 
models (Rees, Astrophys J Lett, 160, 
L29, 1970) But the narrow velocity 
dispersion (8 2 km s) and evidence that 
the absorption 1s occurring in a large 
column density of neutral hydrogen 
seem to rule that possibility out too 

That leaves an intervening galaxy as 
the only really plausible origin fqr the 
line An isolated discovery of this kind 
will not set the cosmological world on 
its heels Further identifications of this 
kind, however, could not only resolve 
the puzzle of the origin of multiple red- 
shifts in QSOs but might also help to 
determine just how reliable an indicator 
of distance the redshift 1s, with all that 
that implies 





Proterozoic Pinte Tectonics in Australia 


Tue successful application of plate tec- 
tonic concepts to the geology of the 
Phanerozoic has encouraged some 
Earth scientists to seek evidence of plate 
activity during the Precambrian In 
Natuie Physical Science next Monday 
(September 10), Davidson claims that 
such searches have concentrated on the 
Archaeozoic to the neglect of the Pro- 
terozoic, although if this is really the 
case 1t may simply be because studies 
of older rocks ın the context of plate 
tectonics are still ın their infancy In 
any event, Davidson himself redresses 
the balance to some extent by drawing 
attention to what he believes 1s an 
example of Proterozoic plate tectonics 
in Australia 

The region concerned is the central 
Australan complex comprising the 
Amadeus Basin and the Musgrave 
Block From a general comparison of 
two geological sections (along a-b and 
c-d in the accompanying map) with the 
corresponding profiles to be expected 
from the collision of two continental 
blocks according to the scheme put for- 
ward by Dewey and Bird (J geophys 
Res, 76, 2625, 1970), Davidson con- 
cludes that a collision took place be- 
tween a proto-Musgrave block and a 
subducting Arunta block to the north 
In the east, the fossil subduction zone 
appears to correlate with the Wood- 
roffe thrust The western part of the 
region lies outside the geological sec- 
tions studied , but the existence of mafic 
and ultramafic yocks close to the 
Hinckley fault des that this fault 
forms the western 4xtension of the fossil 
subduction zone, being offset to the 
south from the Woodroffe subduction 
zone by a short transform fault  Radio- 
metric dating further suggests that the 
collision and associated events took 


place 1,400 million years ago or later 
(Upper Proterozoic) even though this 
conflicts with the ages previously 
assigned to some of the associated rock 
units on geological grounds 
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Although the lithology and structure 
of the Amadeus-Musgrave complex 
seem to be largely consistent with a 
plate tectonic interpretation, there are 
nevertheless some problems for which 
only tentative solutions can be put for- 
ward at this stage Two examples are 
the absence of pillow basalts and pelagic 
sediments from the overthrust ophiolite 
sequences and the similar absence of 
mélange or blue-schist facies rocks in 
the subduction zone Davidson pro- 
poses that erosion 1s respons:ble for the 
lack of such rocks, although it follows 
from this that evidence for their ori- 
ginal presence should be found in the 
sedimentary rocks of adjacent basins In 
some cases there is such evidence , but 
where there 1s not, 1t 1s not yet possible 
to say whether the original rocks never 
existed or whether their products have 
simply not yet been discovered 


14 
ELECTRONICS 


Improving Charge-coupled Devices 


from our Solid State Physics Correspondent 


THE concept of the charge-coupled 
device (CCD) emerged from Bell Tele- 
phone Laboratories about three years 
ago (Boyle and Smith, Bell Syst tech J, 
47, 587 , 1970) and several groups have 
been working hard to bring this very 
simple but very useful device to fruition 
One -example was given at a recent 
European Device Conference (Tomp- 
sett et al, Institute of Physics Confer- 
ence Series, No 15, 174 and 175), where 
a solid state television camera using a 
128 x 106 element array of these devices 
suitable for use 1n a visual telephone was 
described Some significant develop- 
ment work 1s also going on in Britain 
(and was reported at an Institute of 
Physics meeting on charge transfer 
devices held on June 11—see Nature, 
244, 11 , 1973) 

An interesting new concept for operat- 
ing CCDs has recently emerged from 
Mead’s group at the California Institute 
of Technology (Mohsen et al, Appl 
Phys Lett, 22, 172 , 1973), where some 
advanced thinking on device physics and 
detailed analyses of circuits has indi- 
cated that the use of "push clocking" 
must have many advantages over the 
conventional "drop clocking", which 
essentially has to do with the sequence 
and levels of pulsed voltages applied to 
the electrodes of the CCD 

As the CCD 1s not yet widely familiar, 
a brief description will be given here 
The device can be thought of as a line 
of rectangular  metal-oxide-semicon- 
ductor capacitors placed edge-to-edge 
and as close as possible together Simple 
theory says that if a voltage 1s applied 
to the metal electrode, the silicon energy 
bands will bend and minority carriers 


words, the potential well at the surface 
fills up with charge The higher the 
applied voltage, the deeper the well and 
the more charge injected 

The concept is illustrated in Fig 1, 
the well being formed in the x-y plane 
between the oxide surface and some 
outer plane, which is in fact less well 
defined than that shown The situation 
in a plane at right angles to that of 
Fig 11s shown in Fig 2(a) By apply- 
ing different potentials at the surface 
by means of different plates in the array 
this potential well can be bound ın the 
zdirection In Fig 2(a) the electrodes A 
and C are further away than electrode B 
but the same well geometry could be 
obtained if they were coplanar, with 
different voltages applied In either 
situation the result 1s an electronically 
bounded and controllable charge packet 
The p&cket can be moved along the 
chain of electrodes by suitably raising 
and lowering these potential walls and 
essentially pouring the packet of charge 
from one well to the other 

The "conventional" method of mov- 
ing the packet 1s to lower one wall of 
the well, as in Fig 2(a), allow the charge 
to move two places (step (1)) and then 
re-erect the wall behind it (step (2) The 
sequence of electric pulses which carries 
this out can be termed “drop clocking” 

The new approach suggested by 
Mead’s group is shown in Fig 2(b) 
Instead of lowering a wall the voltages 
are so arranged that the charge is tipped 
over the existing wall into the next well 
The rising floor of potential well B 
can be thought of as a piston which 
pushes the charge over wall C into the 
next well Mead and his colleagues call 
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Push clocking has many advantages, 
the chief of which stems from the fuller 
use of the power supply voltage available 
for making the potential wells The 
"stroke" of the "piston" in the push 
clock case (Fig 2(b)) corresponds to the 
full 15 V, whereas 1n the equivalent drop 
clock case (Fig 2 (a)) only half the swing 
1s used for the same purpose 
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The result ıs that the efficiency of 
charge transport, which essentially deter- 
mines the signal-to-noise characteristics 
of the device, 1s increased Also a great 
impediment to the efficient transfer of 
charge—the holding up of carriers in 
interface traps—is ameliorated and the 
time taken to raise and lower the walls 
1s, as ıt happens, more efficiently used 
in shifting the charge This improves 
the performance of the device at low 
frequencies—an important feature 
These conclusions by Mead and his col- 
leagues seem to be sound for two-phase 
clocking Stanley Brotherton, of the 
University of Southampton (work to be 
published) finds, however, that the same 
advantages do not apply for three-phase 

*clocks Here, the most important factor 
for efficient charge transfer 1s the shape 
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THE non-sulphur purple bacterium Rhodopseudomonas 
spheroides, which belongs to the group Athiorhodaceae, can 
grow anaerobically 1n light and aerobically in both light 
and dark The concentrations of the three classes of tetra- 
pyrroles, bacteriochlorophyl, haem and vitamin By, the 
biosynthetic pathways of which are shown in Fig 1, are 
markedly different in cells grown 1n different conditions of 
light intensity and oxygen partial pressure, In particular, 
the photosynthetic pigment bacteriochlorophyll 1s virtually 
absent from organisms grown at high partial pressure of 
oxygen in the dark Light and oxygen both control the forma- 
tion of these tetrapyrroles, but exactly how is not known 
Cohen-Bazire et al? have suggested that light and oxygen 
control bacteriochlorophyll synthesis by affecting the redox 
state of one or more of the components of the electron 
transport chain Since then much has been learned about 
the enzymes involved in tetrapyrrole “biosynthesis in this 
organism Here we describe our recent experiments on a 
number of these enzymes and discuss possible mechanisms 
controling tetrapyrrole biosynthesis 


Aminolaevulinate Synthetase 


The decrease observed in the activity of aminolaevulinate 
(ALA) synthetase (the first enzyme in tetrapyrrole bio- 
synthesis) when a culture of R spheroides was transferred 
from anaerobic light to aerobic dark conditions, and the 
Increase jn activity when a culture was transferred from 
aerobic dark to anaerobic light conditions, show clearly that 
this enzyme plays an important role 1n the control of tetra- 
pyrrole biosynthesis? The changes in enzyme activity 
were thought to reflect changes 1n the amount of enzyme 
brought about by alterations in the rates of its synthesis 
and degradation, but recent studies*? have shown that the 
ALA synthetase activity observed in cell-free extracts ig 
influenced not only by the conditions 1n which the cells are 
grown, but also by the method of preparing and storing the 
cell-free extracts 

When a culture of R spheroides growing anaerobically in ` 
light was oxygenated, and samples taken at intervals, ıt wał 
found that the activity of ALA synthetase was high initially 
and fell by a factor of eight after 1 h oxygenation® The 
extracts used to assay the activity were prepared as follows 
The cells were collected by centrifuging for 15 min at 4° C, 


resuspended in buffer and disrupted by sonication The 
cell-free extracts were stored for about 1 h at 4° C and then 
assayed for ALA synthetase activity When extracts were 
assayed immediately after cell disruption, however, ıt was 
found that oxygenation had produced no apparent effect and 
the ALA synthetase activity was low ın all samples? That 
1s, extracts from anaerobically grown cells activated spon- 
taneously When stored at 4° C in the presence of air, and this 
activation was reduced, and finally abolished, by oxygenation 
of the culture 
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It seemed surprising that cells growing anaerobically in 
light and synthesizing bacteriochlorophyll, and cells in which 
production of bacteriochlorophyll had been stopped by 
oxygenation? should have the same low activity of ALA 
synthetase in freshly prepared extracts It was thought that 
the low activity in extracts from anaerobically grown cells 
might be an artefact produced by collection and that the 
activity in growing cells was more likely to be similar to 
that obtained ın assays with extracts stored at 4° C for 1 h 
This 1ndeed was found to be so when samples taken from 
a culture before amd after oxygenation were sonicated 
without previous collection of the cells? The ALA syn- 
thetase activity, assayed :tnmediately after disrupting the 
cells, was high ın samples taken before oxygenation and 
slight ın samples taken after oxygenation From these results 
it 1s clear that ALA synthetase may occur in at least two 
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forms, one with high activity and the other with low activity 
The relationship between these two forms of the enzyme 
has been examined in detail” 


Activation 


Spontaneous activation did not occur if cell-free extracts 
were stored at 4° C anaerobically in the dark, although 
it did occur anaerobically in the light. Aerobic activation 
was prevented by cyanide and azide. NADH delayed the 
activation which started when the NADH had been oxidized 
The mthibitory effects of succinate and citrate were prevented 
by malonate and fluorocitrate respectively These results 
suggest that some endogenous compound 1s probably present 
in its oxidized state in cells growing anaerobically in the 
light, but is reduced during collection, which 1s done anaero- 
bically in the dark. 

Activation of ALA synthetase in extracts of oxygenated 
cells did not occur spontaneously, but could be produced by 
adding a protein-free fraction prepared from an extract of 
anaerobically grown cells This fraction contained, amongst 
other compounds, sulphur amino acids and glutathione, and 
the possible role of these compounds ın controlling ALA 
synthetase activity was examined It was found that the 
loss of activity of ALA synthetase on oxygenation of the 
cells was associated with a marked change 1n the metabolism 
of low molecular weight sulphur compounds (Fig 2) as 
shown by a highly significant change 1n their concentrations 
Amounts of total glutathione and cysteine plus cystine 
decreased during oxygenation at the same rate as the ALA 
synthetase activity Concomitant with the loss of glutathione 
and cysteine plus cystine a new cellular constituent, homo- 
lanthionine, was formed It has been shown that the disturb- 
ance of sulphur metabolism by oxygen results from inhibition 
of both the reduction of sulphate to cysteine and the con- 
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version of homocysteine to methionine These effects explain 
the loss of glutathione and cysteine plus cystine and the 
accumulation of homolanthionine caused by oxygen These 
changes, and the loss of ALA synthetase activity, could be 
largely prevented by adding threonine or methionine to the 
culture just before oxygenation It is known that threonine 
mhibits the homoserine dehydrogenase of R spheroides? 
and that methionine inhibits the homoserine succinylase of 
Salmonella typhimurium® These inhibitory effects of 
threonine and methionine may account for their ability to 
prevent conversion of glutathione and cysteine to homo- 
lanthtonine on oxygenation (Fig 2), an assumption which 
1s strengthened by the finding that homoserine reversed the 
effect of threonime but not that of methionine 
Sulphur-containing compounds also have an effect on ALA 
synthetase activity in vitro Addition of cysteine, cystine, 
glutathione and oxidized glutathione to a concentration of 


r 
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01 mM to a cell-free extract from oxygenated cells caused a 
six-fold activation Activations produced by these com- 
pounds required oxygen The activity of a partially purified 
preparation of the low activity form of ALA synthetase was 
not increased by these sulphur compounds, unless a parti- 
culate fraction, prepared by centrifuging sonicated cells at 
high speed, was also added On further purification of the 
ALA synthetase, addition of these factors became ineffective 
This indicates that the sulphur compounds used do not 
produce this effect by interacting directly with the enzyme 

Another low molecular weight compound is present in 
cells grown anaerobically ın light which can activate the 
purified low activity form of ALA synthetase It seems to 
interact directly with the enzyme Activation of ALA syn- 
thetase takes place when this compound is added to the 
enzyme ın the presence of all its substrates and cofactors 
or in the presence of succinate or pyridoxal phosphate alone 
When the compound 1s added to the enzyme 1n the absence 
of these substances the enzyme ıs inactivated Evidence 
obtained so far indicates that the activator 1s a trisulphide 
of glutathione or cystine Chromatography or purified 
preparations of activator on ‘Dowex’ 50 (H* form) and on 
phosphocellulose has shown that the elution profiles of 
activator activity are identical with those of organic poly- 
sulphide as estimated by cyanolysis The trisulphides of 
cystine (thiocystine, bis-(2 amino-2-carboxyethyl) tri- 
sulphide) and of glutathione were prepared Both these 
compounds, at concentrations of about 1 uM, produced a 
seven-fold activation of ALA synthetase 1n a cell-free extract 
from oxygenated cells As in the case of the activator isolated 
from cells, both these compounds also activated purified low 
activity ALA synthetase 

A tentatrve scheme to account for all these results (Fig 3) 
suggests that the activity of ALA synthetase 1s controlled 
by the concentration of trisulphides Their formation and 
breakdown are regulated by an enzyme dependent sulphydryl- 
disulphide couple which 1s linked to the electron transport 
chain The decrease in ALA synthetase activity on collecting 
cells growing anaerobically 1n the light 1s explained. by the 
cells becoming more reduced wben they are removed from 
light? The activator is therefore converted from the tri- 
sulphide to the disulphide On storing the cell-free extracts 
in the presence of air, the trisulphide 1s reformed and the 
ALA synthetase activity increases again The effect on ALA 
synthetase activity produced by oxygenating cells seems to 
be a consequence of the marked decrease in the level of 
glutathione and cyst(e)ime Because of this decrease, the 
cells cannot maintain a high enough concentration of the 
trisulphide and the activity of ALA synthetase therefore 
decreases This proposed mechanism ıs consistent with 
the recent demonstration by Tubo: and Hayasaka™ that 
partially purified ALA synthetase from R spheroides 1n its 
low activity form can be activated by adding cystine and an 
activating enzyme 


Porphobilinogen Conversion 


The enzymatic conversion of porphobilinogen (PBG) to 
uroporphyrinogen III, the natural isomer, requires two 
enzymes, PBG deaminase and uroporphyrinogen Ill co- 
synthetase In the presence of PBG deaminase alone, PBG 
ss converted to uroporphyrinogen I, the symmetrical isomer, 
formally formed by head to tail condensation of four mole- 
cules of PBG followed by cyclization, Many mechanisms 
for the condensation and inversion reactions involved in 

° uroporphyrinogen synthesis have been put forward!*? The 
chief problems are that none of the postulated pyrrolic inter- 
mediates such as di-, tri- and open chain tetrapyrroles, has 
been detected until recently and that chemically synthesized 
dipyrroles are not readily converted to porphyrinogens when 
incubated with the enzymes” 
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The results of Llambias and Batlle”! show that the enzyme 
system isolated from soybean callus tissue 1s different from 
those isolated from. other sources in that 1t initially consumes 
PBG faster than ıt forms uroporphyrinogen The resulting 
pyrrolic intermediates have been separated from the reaction 
mixtures Preliminary evidence indicates that the inter- 
mediates are tripyrroles The intermediate formed from 
PBG ın the presence of PBG deaminase is converted enzy- 
matically to uroporphyrinogen I on re-incubation with 
PBG, and that formed from PBG ın the presence of PBG 
deaminase plus uroporphyrinogen JIE cosynthetase 1s con- 
verted enzymatically to uroporphyrinogen III when 
remcubated with PBG 

It is also known that high concentrations of hydroxylamine 
and ammonia inhibit the production of uroporphyrinogen to 
a much greater extent than the consumption of PBG” 
Bogorad's group?" have isolated compounds formed enzy- 
matically from PBG 1n the presence of either hydroxylamine 
or ammonia and have presented evidence that they are a 
dipyrrole and a tetrapyrrole respectively 


P capuc me — 18 


— ——3À| - 







3 
& 
E£ 
E js 
du Een 4 E 
E age : - 
o 2 
m 8 
e. a 
: 1 2 3 4 5 l x 
Time (h) 
Fig 4 Porphobilinogen deaminase of R spheroides (purified 
200-fold, 6 pg protein ml-t) was incubated with 04 mM 
porphobilinogen in 0 1 M Tris, 5 mM EDTA, pH 82, 37° C, in 
the presence (C1, IM) and absence (O, @) of 20 mM hydroxyl- 
amine Samples (100 pl) were analysed for porphobilinogen 


(L1, ©) and uroporphyrinogen (W, 6) 


In our experiments with PBG deaminase, isolated from 
R spheioides, the consumption of PBG and the formation 
of uroporphyrinogen I parallel one another (Fig 4) In the 
presence of the base hydroxylamine and also of ammonia 
or methoxyamine, however, the formation of uropor- 
phyrinogen ıs much slower than the consumption of PBG, 
suggesting that pyrrolic intermediates accumulate After 
all the PBG has been consumed, uroporphyrinogen continue? 
to be formed at a slow rate 


The intermediates formed in the presence of the three" 


different bases were isolated by gel filtration on ‘Sephadex’ 
G25 From their elution pattern and ready conversion to 
uroporphyrinogen they all seem to be open chain tetra- 
pyrroles They contain an unsubstituted o-pyrrolic position 
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and are relatively unstable The polypyrrole isolated from 
enzymic incubations performed ın the presence of tritiated 
methoxyamine was radioactive, showing that the base was 
incorporated into the polypyrrole. These polypyrroles are 
not acted on by PBG deaminase, nor do they inhibit the 
enzymatic conversion of PBG to uroporphyrinogen They 
are all converted to uroporphyrin I by heating their aqueous 
solutions at pH 7 5 at 55° C for 1 h, and no free pyrrole 
remains In conversion to uroporphyrin, the polypyrrole 
formed in the presence of ammonia releases about 1 mol 
of ammonia for every mole of uroporphyrin formed The 
compounds formed in the presence of methozyamine con- 
tain about one methoxyamine residue for every four pyrrole 
units, and release methoxyamine together with a trace of 
ammonia on heating The compound formed in the presence 
of hydroxylamine releases some hydroxylamine but no 
ammonia on heating” 

It seems likely (Fig 5) that these compounds are open- 
chain tetrapyrroles in which the amino group of the amino- 
methyl side chain of the terminal PBG unit has been replaced 
by the bases added to the enzymatic reaction mixture They 
are presumably formed by reaction of the bases with the 
enzyme-polypyrrole complex, with subsequent release of 
the modified product from the enzyme It 1s suggested that 
the enzymatic cyclization step 1s more susceptible to inter- 
ference by the bases than are the earlier condensation steps, 
and that cyclization involves electrophilic attack by a —CH;* 
group of the pyrrole unit at one end of the open chain tetra- 
pyrrole on the unsubstituted o-position of the pyrrole unit 
at the other end The bases are thought to interfere with 
the cyclization by competing for the —CH,* group 

In experiments with hydroxylamine small amounts of a 
modified monopyrrole have been found in addition to the 
modified tetrapyrrole It seems to differ from PBG in having 
a hydroxylaminomethyl side chain instead of an amino- 
methyl side chain 


Coproporphyrinogen Conversion 


It ıs known that ethionine blocks bacteriochlorophyll 
synthesis in R spheroides and also causes the cells to excrete 
a large amount of coproporphyrin® This suggests that 
methionine 1s involved in bacteriochlorophyll synthesis We 
first showed that the methyl group of methionine was the 
source of the methyl ester group of bacteriochlorophyll? and 
subsequently a particulate enzyme was found which catalysed 
the formation of magnesium protoporphyrin monomethyl 
ester from magnesium protoporphyrin and S-adenosyl- 
methionine® The strong competitive inhibition of this 
reaction by S-adenosylethionine seemed likely to account for 
the inhibitory effect of ethionine on bactertochlorophyll 
synthesis ın whole cells If this step were the only one 
requiring S-adenosylmethionine, however, ethionine might 
have been expected to cause the accumulation of protopor- 
phyrin or magnesium protoporphyrin and not copropor- 
phyrin More recently, S-adenosylmethionine has also been 
found to be involved 1n the metabolism of coproporphyrino- 
gen? 

The enzymatic conversion of coproporphyrinogen to pro- 
toporphyrinogen involves the oxidative decarboxylation of 
two of the four propionic acid side chains to vinyl groups 
In the mitochondria of liver? and in a number of other 
cells the reaction requires molecular oxygen but no other 
cofactors An oxygen dependent enzyme catalysing this step 
was also found in extracts of R spheroides? but when 
R spheiroides ıs grown anaerobically in the light, a different 
reaction not involving oxygen must occur With cell-free 
extracts we demonstrated the conversion of coproporphy- 
rinogen to protoporphyrin under anaerobic conditions, when 
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ATP and methionine or S-adenosylmethionine were added% 
Further work? showed the involvement of nicotinamide 
nucleotides, flavin and non-haem iron S-Adenosylethionine 
was a strong inhibitor 

Various mechanisms for the oxidative decarboxylation of 
the propionic acid side chains have been proposed? 3$? One 
1s that there ıs a concerted reaction with no intermediates 
and another ıs that a B-hydroxypropionic acid side chain 1s 
formed, followed either by sequential dehydration to an 
acrylic acid side chain and decarboxylation, or by a concerted 
reaction going directly to the vinyl group In work with the 
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Fig. 5 Enzymatic formation of tetrapyrroles 


aerobic enzyme it has been shown that only one of the 
two hydrogen atoms on the B carbon atom of the propionic 
acid side chains 1s lost, and neither of the hydrogen atoms on 
the a carbon atom ıs lost This evidence 1s consistent with a 
concerted reaction either from the propionic acid side chain 
or a f-hydroxypropionic acid side chain, but is not con- 
sistent with the formation of an acrylic acid side chain The 
formation of a B-hydroxypropionic acid side chain 1s possible 
in the enzymatic reaction involving oxygen but it 1s much 
less likely 1n the anaerobic reaction Although the exact role 
of S-adenosylmethionmine in the anaerobic reaction is not 
known, it may be suggested that the positively charged 
sulphur atom facilitates removal of a hydride 10n from the 
B carbon atom of the propionic acid side chain, thus initiating 
the concerted dehydrogenation and decarboxylation 


Magnesium Insertion 


The enzymatic insertion of magnesium into protoporphyrin 
has only recently been demonstrated in our laboratory” 
Whole cells of R spheroides grown semi-anaerobically in the 
light incorporated magnesium into exogenous protoporphyrin 
when incubated with EDTA 1n anaerobic conditions or at 
low partial pressure of oxygen in the dark Partial pressures 
of oxygen greater than 15% inhibited the reaction The 
product of the reaction was not magnesium protoporphyrin 
itself but magnesium protoporphyrin monomethyl ester If 
cells were depleted of methionine and S-adenosylmethionine 
by incubation with ethionine before assaying, then the forma- 
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tion of magnesium protoporphyrin monomethyl ester was 
reduced markedly without there being any accumulation of 
magnesium protoporphyrin These results indicated that 
there was a close involvement between insertion of magne- 
sium and methylation of the product, perhaps because a 
multienzyme complex is responsible for the overall reaction 
Although essential for magnesium insertion, methylation was 
not rate limiting as it was found that formation of magnesium 
protoporphyrin monomethyl ester from exogenous magne- 
sium protoporphyrin was faster than from protoporphyrin, 
and was not inhibited by oxygen 

Because of the inability to detect magnesium chelatase 
activity using cell-free extracts of R spheroides, details of 
the mechanism of the reaction remain obscure The effects 
of a number of inhibitors of hydrogen and electron transport 
and of energy conservation and transformation reactions, 
have been tested both anaerobically in the light and at low 
partial pressure of oxygen in the dark“ Although we are 
aware of the difficulties of interpreting results obtained with 
whole cells, the experiments indicate that electron transport 
between a b-type and c-type cytochrome together with the 
coupled synthesis or utilization of ATP 1s necessary for the 
chelation of magnesium by protoporphyrin 

Oxygen inhibited. the formation of magnesium protopor- 
phyrin monomethyl ester and of bacteriochlorophyll from 
exogenous protoporphyin to the same extent, but it did 
not inhibit the conversion of magnesium protoporphyrin 
monomethyl ester to bacteriochlorophyll Thus, it seems that 
the insertion of magnesium 1s the rate limiting step 1n the 
formation of bacteriochlorophyll from protoporphyrin as 
proposed by Lascelles and Altschuler® and also the only step 
at which oxygen inhibits the conversion of protoporphyrin to 
bacteriochlorophyll 


Tetrapyrrole Biosynthesis 


As R spheroides makes different amounts of the three 
tetrapyrroles, bacteriochlorophyll, haem and vitamin By 
when grown in different environmental conditions, it 1s not 
surprising that the mechanisms for controlling the intra- 
cellular levels of these compounds are not simple We know 
nothing about the factors controlling the synthesis of vitamin 
By, but we are beginning to learn something about the 
control of the synthésis of bacteriochlorophyll and haem 

Cells growing anaerobically ın the light contain about 
seventy-five times more bacteriochlorophyll than haem, and 
about five times more haem than vitamin By (ref. 1) 
Protoporphyrim ıs the common precursor of haem and 
bacteriochlorophyll, and if all the protoporphyrin formed can 
be used by either pathway, then the relative rates of synthesis 
of these two tetrapyrroles will be governed by the relative 
rates of incorporation of ferrous rron and magnesium into 
protoporphyrn! At present there ıs little or no evidence 
that there are two sets of enzymes forming protoporphyrin 
for haem and baocteriochlorophyll synthesis respectively 
There seem to be two different ALA synthetases, but it 1s 
not known whether there are any differences in their bio- 
logical functions R spheroides also has two distinct systems 
for converting coproporphvrinogen to protoporphyrinogen. 
One has an absolute requirement for oxygen and the other 
catalyses an anaerobic reaction It seems likely that in the 
cell only one system 1s active at a time 

Cells of R spheroides grown aerobically in the dark contain 
*nly very small amounts of bacteriochlorophyll and they have 
much lower activities of ALA^ synthetase, S-adenosyl- 

“methionine magnesium protoporphyrin methyltransferase 
and magnesium protoporphyrin chelatase'than have cells 
grown anaerobically in the light, which contain a large 
amount of bacteriochlorophyll> On tran$ferrmg cells 
from aerobic dark conditions to anaerobic light conditions, 
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the activities of these enzymes increase markedly over a 
period of a few hours, and increases are observed before the 
synthesis of bacteriochlorophyll starts? It ıs likely that 
these increases ın activity are to a large extent due to synthesis 
of new enzyme 


Control Mechanisms 


We are concerned here, however, with finer contro] 
mechanisms Our main aim ıs to try to explain the rapid 
alterations 1n the rate of synthesis of bacteriochlorophyll 
which occur in cells when the light intensity and oxygen 
tension are changed These alterations are too rapid to be 
accounted for by induction or repression of enzyme synthesis 
On bubbling air through a culture growing anaerobically in 
the light the synthesis of bacteriochlorophyll stops 1mme- 
diately , on removing the air the synthesis of bacteriochloro- 
phyll starts again immediately? These changes occur with- 
out the accumulation of precursors of bacteriochlorophyii 

Jt 1s clear that the enzymatic insertion of magnesium into 
protoporphyrin that 1s the first step after the brach point 
(Fig 1) ıs the rate controlling step in the conversion of 
protoporphyrin to bacteriochlorophyll This reaction 1s 
‘markedly inhibited by increasing the oxygen tension 
Bubbling air or oxygen through a culture, however, does not 
lead to a marked accumulation of haem, protoporphyrin or 
other precursors which strongly indicates that the activity 
of ALA synthetase 1s also reduced in these conditions The 
inhibition of ALA synthetase may be a consequence of the 
inhibition of magnesium insertion into protoporphyrin, or 
the oxygen may independently inhibit ALA synthetase 
activity, or both mechanisms may operate Inhibition 
of ALA synthetase as a consequence of inhibition. of the 
conversion of protoporphyrin to bacteriochlorophyll 1s 
the type of control suggested by Lascelles? Her work, in 
which both wild type R spheroides and mutants defective in 
tetrapyrrole synthesis were grown in a variety of conditions, 
led her to conclude that an increase ın the level of haem, 
caused by inhibition of magnesium insertion into protopor- 
phyrin, 1s responsible for the inhibition of ALA synthetase 
and the non-appearance of intermediates In vitio ALA 
synthetase of R spheroides ıs markedly inhibited by very 
low concentrations of haem and haemin‘**“® 

Our work concentrates on the control of ALA synthetase 
by a different mechanism, one not related 1o the level of haem, 
but controlled directly by the oxygen tension and light 
intensity Although the exact details of this control are not 
yet known, 1t would seem that the activity of ALA synthetase 
1s a function of the concentration of an organic polysulphide 
which probably binds to the enzyme The concentration of 
this compound 1s regulated by the activity of an enzyme 
dependent sulphydryl-disulphide couple which in turn is 
controlled, probably through interaction with the electron 
transport chain, by the light intensity and oxygen partial 
pressure Further details of this control mechanism must 
await purification of ALA synthetase in both its high and 
low activity forms, and complete identification of the com- 
pound which interacts with it 

From our results it 1s clear that the original suggestion of 
Cohen-Bazire et al, that the synthesis of bacteriochlorophyll 
1s controlled by the redox state of one or more of the com- 
ponents of the electron transport chain, 1s correct One or 
more of these components has been shown to be directly’ 
involved ın the insertion of magnesium into protoporphyrin 
and ın the anaerobic enzyme system which converts copro-® 
porphyrinogen into protoporphyrinogen In addition there 


1s evidence for a chain of reactions linking the electron trans * 


port chain to the control of the activity of ALA synthetase 
An interesting feature of tetrapyrrole synthesis in 

R spheroides*is the important part played by sulphur-con- 

taining compounds of low molecular weight The amounts 
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of glutathione and cyst(e)ine seem to control the activity of 
ALA synthetase, probably by regulating the concentration 
of glutathione and cystine trisulphides which activate the 
enzyme  S-Adenosylmethionine 1s required for each of the 
three enzymatic steps leading from coproporphyrinogen to 
magnesium protoporphyrin monomethyl ester and seven out 
of the eight methyl groups found ın vitamin B4, are donated 
by methionine” Indeed, disturbances of the sulphur 
metabolism of this organism have profound effects on the 
biosynthesis of tetrapyrroles Although some aspects of 
sulphur metabolism in this organism are known, much 
remains to be done 
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Quantitative predictions of the accumu- 
lation of fossil CO2 have important 


implications for marine life. 





Tae buildup of fossi] CO; in the atmosphere due to the 
exponential increase 1n the rate of consumption of fossil fuels 
1s a matter of concern I do not intend here to consider at 
all the question of possible climatic effects’, my purpose 1s 
rather to present a model which accounts quantitatively for 
this buildup Any model, if it ıs to be useful, must not only 
account for what has already been observed, but must also 
make predictions of future trends and/or phenomena not 
previously observed In the case of the present model, a 
significant uptake of fossil CO; by the mixed layer of the sea 
1s predicted to have occurred, a prediction at variance with 
previous models of fossil CO; (refs 2-4) Further, the model 
predicts that this accumulation of fossil CO; in the mixed layer 
may lead to serious problems for the marine biosphere soon 
after the turn of the century 1f the present trend of fossil fuel 
consumption continues unabated 

The key question 1n any model of fossil CO, 1s what to do 
about the terrestrial biosphere, which 1s very complex and not 
well understood in detail For example, estimates of the annual 
fixation of carbon by terrestrial plants range from 101° to 1011 
ton (ref 5) Laboratory experiments have demonstrated that 
some plants fix carbon at a rate proportional to the CO; 
partial pressure* If this were true 1n general, then land plants 
would today be fixing CO; at a rate 1096 greater than a century 
ago Fixation by annuals, which are consumed or decay back 
into CO; fairly quickly, 1s less significant than by long lived 
species such as trees and humus which can act as semipermanent 
sinks for fossil CO; The quantity of humus formed annually 
will presumably be related to the rate of photosynthesis, but 
of the world inventory of humus and its rate of turnover even 
less ıs known In temperate zone forests growth rings vary 
from year to year, suggesting that factors other than avail- 
ability of CO; limit growth It seems likely that in tropical 
forests availability of nutrients, rather than CO; supply 1s 
growth limiting 

Besides the question of growth rate of trees in response to 
rising CO; levels 1n the atmosphere, there 1s the matter of the 
areal extent of forests In many areas of the world there 1s 
an increasing harvest of mature trees, in other areas forests 
have disappeared altogether during the past century It seems 
very unlikely that the areal extent of forests 1s today significantly 
larger than it was a century ago and it is probably less 

The present model 1s based on the premise that the long 
lived terrestrial biosphere and humus are not significant sinks 
for fossil CO; emissions This leaves only the sea as the sink 
for most of it 

The ability of the sea to accommodate fossil CO, 1s, in 
theory, severely restricted by the chemical equilibria between 
hydronium 10n, the various inorganic carbon species (CO, H20, 
HCO2-, CO;3?-), and H3B03;+H2BO3;- In an equilibrium 
situation, for a given fractional increase in partial pressure of 


CO; (Pco,) the fractional increase in total dissolved CO; 
(ZCO,) 1s only 1/10 as great?-* (termed the buffer factor) 


dZCO2/ZCO2 = 1/10(dPco,/Pco,) (1) 


When this limitation 1s applied to box models?-* of CO, in 
the atmosphere-biosphere-sea, the conclusion 1s that the 
amount of fossil CO; absorbed into the mixed layer of the sea 
today 1s very small Therefore, in order to account for the 
quantity of fossil CO; which 1s known to have been produced 
but which has “‘disappeared”’ from the atmosphere, either the 
sea 1s turning over very rapidly?:* (on a time scale of less than , 
200 yr) which is contradicted by the very old radiocarbon 
"age" of the deep ocean, or most of the fossil CO; must be 
going into the long lived terrestrial biosphere 
In the present model I adopt a different point of view The 
sea 1s observed to be 1n equilibrium with the ambient atmo- 
spheric partial pressure of CO; only over a fraction of its 
surface? Over much of the ocean the sea is either super- 
saturated, as 1n the tropical Pacific, or undersaturated, as 1n 
much of the North Pacific The supersaturation of the tropical 
Pacific can be traced to the upwelling of cold, CO;-rich water 
off South America and its drift westwards under the influence 
of the trade winds Because today’s atmosphere 1s some 10% 
richer in CO; than that of a century ago, when this water 
reaches equilibrium with the atmosphere it will be 1% richer 
1n total CO;, according to equation (1) Integrated over time 
this represents a significant increase in total CO, of the mixed 
layer over that which 1t would have had if there were no fossil 
CO; in the atmosphere So far as the undersaturated areas 
of the ocean are concerned, the mixed layer can clearly accom- 
modate additional CO; and hence ıs a potential sink for fossil 
CO; This is true teday and it must certainly have been true 
in the past The model assumes the sea will continue to be a 
sink for the indefinité future 
Therefore the buffer factor restriction applies only to some 

fraction (1— x) of the area of the ocean, over the remaining 
fraction, x, the buffer factor does not apply because the sea 1s 
not in equilibrium with the atmosphere The model predicts 
that a quantity of fossil CO», mm, has been absorbed by the 
mixed layer of the sea The unit (p pm) for measuring fossil 
CO, 1s chosen to be its volume at STP in units of 10-5 times 
the volume of the atmosphere at STP (393x1019 m?) In 
terms of this unit, the natural (pre-industrial) level of dissolved 
inorganic carbon (total CO;) in the mixed layer is 360 p pm 
Over the fraction, f, of the ocean having a thermocline, the 
concentration of total CO; increases down the thermocline 
by 10 to 20% because of the redissolution of the ram of 
detritus ın the deep ocean Thus over this fraction of the 
ocean there is an upward diffusive flux of dissolved CO, 
species which, with upward advection, balances the downward 
particulate carbon flux 

ə The effect of an increasing absorption of fossil CO, into 
the mixed layer would be to perturb (decrease) the concen- 

e [ration gradient in total CO; near the surface which means 
that the upward diffusive flux would be-diminished The 
decrease in upward flux, which 1s proportional to nm, 1s taken 
to be formally equivalent to a downward flux of fossil CO; 
superimposed on the steady state upward flux of natural CO, 
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Taking the perturbation by fossil! CO, to vanish at the 
bottom of the thermocline, of average depth 7, the perturbed 
total CO, gradient in the thermocline 1s given by 


4 AG=n,/tAT ppm m-* (2) 


where A ıs the area of oceans and ¢ ıs the average thickness 
of the wind-mixed surface layer (7785 m) 

AG is superimposed on the natural CO; gradient and the 
flux perturbation 1s 


Q= K, AG fA— (naf tT G) 


where K, 1s an average eddy diffusion coefficient which 1s 
assessed from models of the thermocline? (K,~1 cm? s~?= 
mx 10* m? yr~!) The quantity (@/7,,) 1s the fraction of the 
cumulative amount of fossil CO, removed from the mixed 
layer each year, which 1s defined as an eddy diffusive transfer 
coefficient, km-a (ed) faking T—10? m and f=09 


Q/nm=Km-ale d )= K,f]t T= 1/30 yr7! (4) 


Although fossil CO; is removed from the mixed layer to the 
deep ocean by advection over the fraction (1 —/) of the ocean 
which 1s cooled enough to sink to the bottom, there is a return 
flow up the thermocline over the rest of the ocean which 
becomes enriched m fossil CO, by downward diffusion, until 
by the time this upward flow reaches the top of the main 
thermocline 1t has the same fossil CO; concentration as the 
mixed layer Hence it returns a quantity of fossil CO; to the 
mixed layer equal to that advected into the deep ocean, so 
advection results in no net transfer of fossil CO;, merely a 
redistribution in space in the deep ocean Any fossil CO; 
advected 1nto the deep ocean 1s expected to remain there for 
10? yr before returning to the surface 

The differential equations representing the change ın fossil 
CO, content of the atmosphere (7) and the mixed layer of 
the sea can now be written as 


di/dt — P(f) — xk, tts + XKg aln (5) 
dnm/dt = xk, una — XKg am — Km—ale d Jim (6) 


where P(r) 1s the annual emission of fossil CO2, ka—m 1s the 
transfer coefficient for the exchange of CO, between the 
atmosphere and the sea which 1s known? from observations 
on bomb 14C to be around 1/5 yr-!, the corresponding back 
transfer coefficient from sea to atmosphere, km-a, 18 1/6 yr7?, 
smaller by a factor of 1 2, the ratio between total natural CO; 
in the mixed layer to that in the atmosphere The quantity 
(Ka mM. Km-añm) represents the net transfer of fossil CO; 
which would occur if fossil CO; exchanged between the 
atmosphere and the mixed layer as freely as natural CO; 
without the buffer factor limitation According to my hypo- 
thesis a net transfer 1s allowed only over some fraction, x, of 
the ocean 

Before equations (5) and (6) can be integrated x must be 
specified Although this could be treated as an adjustable 
parameter, I estimated a value as follows The values of 
P(t) and dm/dt can be specified at one point in time but this 
still leaves four unknowns x, Ma, ng and dm/dt <A third 
equation can be written which expresses the reasonable assump- 
tion that the relative rates of increase of m and nm at present 
are proportional to their respective cumulative amounts, 


dita! dri, = Mal Mm (7) 


The total CO, content of the atmosphere at any time 15 Na + 71? 
where N, 1s the pre-industrial level of CO; 1n the atmosphere 
N, 18 uncertain but a value around 292 is usually taken as thee 
best estimate"?^:^ Applying equations (5)-(7) to 1971, when 
N,+m=321 ppm (ref 9), and taking N,=292 ppm (m3 * 
29 ppm), P(1974)=20 ppm, da,/dt(1971)=10 ppm and 
x 1s 030 This 1s a reasonable estimate for the area of the 
ocean which 48 observed not to be in equilibrrum with the 
atmosphere These values incidentally also predict a value of 
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Fig 1 Annual production of fossi] CO; since the 1870s (lower 

curve) @, From ref 10, A, estimates of OECD, which with 

the two d&ta from the 1960s are from ref 11 The upper curve 
gives the cumulative total to the present day (x 1/10) 


147 for nm 1n 1971 Of course the actual values which 715, 
nm and dr/dt will be calculated to have according to the model 
are a function of P(t), and the other parameters of the model 
integrated over 140 yr of fossil fuel production, which 1s as 
yet unspecified Therefore estimating x in this way ought 
not to be construed as having built in the desired results a prrort 

It 1s only necessary now to specify P(t) and some initial 
boundary conditions in order to integrate equations (5) and 
(6) to see what the model predicts —Estimates!?-1? of P(t) 
are shown ın Fig 1 The latest and most detailed estimate 1s 
that of Keeling!?, whose unsmoothed data were used in the 
numerical integration The back extrapolation of the exponen- 
tial increase of fossil fuel production in the nineteenth century 
was truncated at 1830 when P(1830)2001 ppm The initial 
boundary conditions are, then 7,2 ,— P(f=0)=0 in 1829 
The results of the integration areshownin Fig 2 The predicted 
values of n, and 7m 1n 1971 are 26 4 and 13 4, a little less than 
the values estimated above These results depend, however, 
on the choice of P(t) taking the somewhat larger (^ 15%) 
estimates of Revelle and Suess!? (Fig 1) the result 1s 74, —33 4, 
Nm= 16 9, somewhat too large 

Because of the uncertainty in Na, for comparison of the 
model results with observations on atmospheric levels of total 
CO, a value of N, 1s chosen which gives the observed total 
CO, value of 316 3 ın mid-1964 (ref 9) This then fixes the 
model predictions at all other times The predictions of the 
model since 1958, which marks the beginning of precise 
measurements, for the two choices of P(f) are superimposed 
on the observed secular trend in Fig 3 The fit ıs quantitative 
for the case of Keeling's production data but a value of Na 
(295 9) slightly larger than the preferred value of 292 1s required 
to produce the fit On the other hand, the larger production 
figures of Revelle and Suess give a fairly good fit to observation 
with a smaller value of N,=2903 Clearly, an intermediate 
level of fossil fuel production would give a good fit to observa- 
tion with N,=292 So far as reproducing the secular trend 
of atmospheric CO; 1s concerned the model could scarcely fit 
the data better 

Over the longer terrh, the secular trend 1n atmospheric CO; 
concentration 1s less accurately known But related to it 15 the 
“Suess effect", the decrease in the ratio of !*C to total CO; 
m terrestrial plants attributed to dilution of atmospheric 14CO, 
by fossil CO, Assuming an unperturbed level of 14CO, in 
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Fig. 2. Model predictions of the cumulative total fossil CO; in 

the atmosphere (n, (——) and mixed layer of thè sea (nm) 

The upper dashed curve gives the ratio of annual 

increase in A, to the annual production, expressed as a per- 

centage, using the same numerical scale as the ordinate for this 
dimensionless quantity 


(— — — 


the atmosphere the Suess effect is given by the ratio 
[na — a(t’) V/ENa+7,(¢)], expressed as a percentage, where t’= 
1890, the date of the 14C reference standard used in 14C dating 
The model prediction of the Suess effect 1s shown m Fig 4 
as the curve drawn through the experimental data!?-15 The 
data exhibit variations attributed!^ to variations in the !4^C 
(cosmic-ray) production rate, but the model well reproduces 
the secular trend 

The model reproduces the observations very well But it 
also predicts something not previously recognized a significant 
uptake of fossil CO; by the sea This uptake, if real, leads to 
concern ‘The reactions by which CO, is absorbed into sea- 
water are 


CO; H;0 + CO}? ——2HCO,- 
and to a lesser extent 
CO; H,0 + HBO, —.HCO; -4 HBO, 


Thus the concentration of CO3?~ in the mixed layer will 
diminish with time as fossil CO; is absorbed, until? the mixed 
layer will become undersaturated with respect to aragonite 
and calcite The sea is presently supersaturated with respect 
to these minerals, which calcareous organisms form in building 
their shells Should the sea become unsaturated in CaCO; 
the shells of these organisms would tend to dissolve, as would 
the ocean’s coral reefs The consequences could be very 
serious for life in the sea 

In order to produce undersaturation of the mixed layer with 
respect to aragonite, according to Broecker et al? the CO4?- 
concentration would have to be reduced from the present day 
value of 024 mol m-? to 006 mol m-? The quantity of 
fossil CO; required to produce this reduction in the mixed 
layer can be calculated to be 41 ppm The model predicts 
that this additional quantity will have accumulated in the 
mixed layer by about the year 2008 if the exponential growth 
of fossil fuel continues unabated By that time the mixed layer 
will have acquired a fossil CO, burden of 55 ppm The 
model can also tell us the level of fossil fuel emission which 
could continue indefinitely with the mixed layer remaining just 
slightly supersaturated (say m,-—50 ppm) with respect to 
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CaCO, In the steady state, removal of fossil CO; to the deep 
ocean would exactly balance the annual emission, 


P(r) «constant = k4 «(e d tm 


N 

Taking 7m to be 50 ppm, P(t)=50/30=17 ppm yr-! This 
level of fossil fuel emission was exceeded in 1969 Further, 
by the turn of the century the annual fossil CO, emission 1s 
predicted to reach between 7 and 8 ppm yr-! It seems 
very unlikely that a large reduction 1n fossil fuel consumption 
would occur so that the steady state situation could be achieved 
unless a dramatic breakthrough ın alternative energy sources, 
1n particular controlled thermonuclear fusion, 1s forthcoming 
in the very near future 

The model is, of course, just a numerical exercise and before 
its dire predictions can be taken seriously it will need veri- 
fication One test of the model will be the extent to which 
it continues to predict correctly the future levels of fossil CO; 
in the atmosphere, given the annual production P(t) A 
better test would be afforded by a careful monitoring of total 
CO, levels in the mixed layer over the next few years The 
model predicts an increase in total CO; in the mixed layer of 
about 1 4% in the next decade Because this 1s about double 
the accuracy of present methods for measuring total CO, in 
seawater, this trend, 1f present, should be detectable within 
3to 5 yr If it 1s detected then there will be very little time 
left to consider what, 1f anything, could be done about it 
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Fig. 3 Fit of the total CO; content of the atmosphere since 

1958, calculated by the model, to the secular trend as measured 

at Mauna Loa ( - - -) and Antarctica (——) (ref 9) @, Based 

on Keeling's production data (Fig 1) and an assumed value of 

the pre-industrial value of atmospheric CO; (m) of 2959, x, 

based on the production curve of Revelle and Suess!? (Fig 1) 
and a value of N, of 290 3 
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*, Fig 4 Deciease in !^C specific radioactivity of tree rings, 


relative to 1890 wood, attributed to the dilutien of atmospheric 
CO»; by fossil fuels (the Suess effect) ©, From ref 5, @, from 
ref 13 Oscillations about the general trend are attributed to 
variations in the !^C production rate (see ref 5) * After about 
1950 these effects are masked by 1*C from nuclear weapons 
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It would also be of interest to know the response of the 
calcareous organisms to high ambient partial pressures of CO; 
sufficient to produce undersaturation with respect to CaCO, 
Two questions require answers can these organisms build 
their shells at all under unsaturated conditions, if so, what 1s 
the kinetics of the heterogeneous redissolution reaction—can 
the shells remain undissolved during the lifetime of the 
organisms? It would be reassuring if the answers to these 
questions were affirmative 

I thank Dr Athol Rafter for hospitality during sabbatical 
leave from the University of Washington, Dr Bernard O’Brien 
for discussions, Professor C D Keeling for preprints and the 
US Atomic Energy Commission for financial assistance 
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It is suggested that cellular differentiation 
is established during development by the 
development of higher order structural 
polymorphism of the chromosomes. The 


differentiated ^ superstructure, once 
adopted, would be maintained during 
replication. 





Ir ıs now widely assumed that nearly all the cells of one 
organism contain similar genetic information , their DNA 
contains identical base sequences' During differentiation, 
identical genes are therefore expressed differently in the 
cells of one organism In diploid cells the two copies of 
each gene are probably coordinately controlled and so 
differences in the expression of the same gene must be 
studied ın different cells A more critical approach ıs to 
consider those situations where homologous DNA mole- 
cules, within one cell, behave differently For example, 
genes on only one of the two X chromosomes in female 
cells of eutherian mammals are expressed? ? 

Because of the success of the ideas of Jacob and Monod*" 
1n explaining the regulation of bacterial gene expression, 
differences 1n. the behaviour of identical genes in differen- 
tiated cells are usually explained in terms of an association 
of genes with repressor or activator molecules I propost 
an alternative mechanism for maintaimung the inactivity 
of the X chromosome Differences in the expression ofe 
identical base sequences might arise from differences in 
gene superstructure The term superstructure will be used * 
to include the secondary and higher order structures that 
might be superimposed upon the primary base sequence 
of a nucleic decid If gene superstructure 1s an important 
factor determining gene expression, perbaps superstructures 


of DNA, like primary base sequences, may be replicated 
and inherited DNA might therefore contain two kinds of 
heritable information one kind which is stored m the 
primary base sequence of a gene, and a second kind which 
1s acquired during development and 1s contained 1n its super- 
structure The idea is elaborated ın a manuscript to be 
published elsewhere 


Mammalian X Chromosomes 


Normal female cells from adult eutherian mammals 
possess two X chromosomes, for which there is convincing 
evidence that only one specifies the synthesis of pro- 
tens? The mechanism that creates the difference in 
activity acts randomly and so cannot be influenced by par- 
ticular maternal or paternal base sequences Differentiation 
of the two X chromosomes occurs early 1n development and 
is heritable the progeny of a cell ın which the maternal X 
chromosome ıs inactive have inactive maternal X chromo- 
somes? When cell hybrids are made by fusion the X 
chromosomes of the hybrid cell retain the properties they 
had before fusion An X chromosome, once inactivated, 
1s not influenced by the presence of additional X chromo- 
somes in the cell and so an acquired characteristic 1s mm- 
herited Any complete explanation of the inactivation of 
the X chromosome should account for the stable inberitance 
of the inactivity of a particular X chromosome (The 
creation, ab initio, of differences in behaviour of the two 
X chromosomes will only be of peripheral concern in this 
discussion (see ref 5) 


“Differential” 


The term “differential” 1s defined as that which constitutes 
the specific difference between nucleic acids with identical 
coding properties and which causes their differing behaviour 
The differential 1s recognized by its property of permitting 
a gene to be expressed The creator of the differential 1s 
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defined as the differentiator. ‘There are two kinds of differ- 
ential, simple and complex. Identical base sequences may 
behave differently either because their superstructures are 
intrinsically different or because they are associated with 
regulatory molecules in the environment. A difference in 
gene superstructure wonld constitute a simple differential ; 
a complex differential depends upon the association of a 
differentiator with a gene. 

The repressor and activator molecules discussed by Jacob 
and Monod* are examples of differentiators involved in a 
complex differential. Compiex differentials, which depend 
upon the continued association of differentiators with genes, 
can be inherited only if the differentiator as well as the 
target gene is replicated. If the differentiator is a protein 
then a self-maintaining loop involving the protein, the gene 
that codes for it, and its target gene must be involved. This 
is because proteins, unlike nucleic acids, cannot be templates 
for their own synthesis. In organisms which show complex 
patterns of differentiation, each pattern might be associated 
with a specific self-maintaining loop, but it has been argued 
that this is unlikely". Furthermore, small differentiator 
molecules, being diffusible, should affect all target genes in a 
cell so that special mechanisms must be invoked to explain 
the activity of only one of the two X chromosomes in a 
cell. 


The Superstructural Differential 


In one cell, two homologous DNA duplexes may be 
expressed differently because they differ in superstructure. 
Very little is known about the organization of DNA in 
chromosomes so that ideas about superstructures are neces- 
sarily vague, but these differences may be in base stacking, 
in sense or degree of supercoiling? or in other forms of 
higher order structures", Perhaps when DNA is in the B 
conformation, transcription cannot occur because of the 
inability of a nascent RNA molecule to adopt this conforma- 
tion. A gene might be expressed because its DNA exists in 
the A or C conformation whilst its homologous partner is 
not, because it is in the B conformation. 

A simple form of superstructure is a coiled coil in which 
tertiary turns are imposed upon the helical turns of the DNA 
duplex. (In the following discussion two assumptions are 
made unless stated otherwise. The first is that no covalent 
bonds are broken. The second is that there is no net rotation 
of bases about sugar-phosphate bonds in either of the back- 
bone polynucleotide chains of the duplex. This is a plausible 
assumption because the forces maintaining the double helical 
. Structure restrict such free rotation.) Extra supercoils can 
be maintained in DNA if net rotation about the axis of the 
helix is restricted, perhaps by the action of histones or by 
attaching the ends of the duplex to a larger structure, for 
example, the nuclear membrane. Extrinsic factors restrict 
rofation in these cases; rotation would be intrinsically 
restricted in a circle formed by joining the ends of the duplex 
as is the case in the circular DNA of viruses. (Circles are 
formally equivalent to linear duplexes in which free rotation 
of the ends is forbidden.) Additional supercoils in a linear 
molecule could be maintained intrinsically if the DNA were 
organized into loops, for example, of the type seen in the 
Iampbrush chromosomes of amphibian oocytes'5. 

How might differences in superstructure be created in 
similar DNA molecules? — Superstructures might be intr 
duced after synthesis by coiling the duplex or by cutting 
one strand of the duplex, introducing superhelical turns into 
it and then mending the cut. Enzymes that change the super- 
helical properties of DNA have recently been isolated from 
both animal and bacterial cells infected with viruses”. 
Alternatively, superstructures might be introduced during 
the replication of DNA. For example, if DNA synthesis on 
one strand occurs in the A configuration and on the other 
in the C configuration, on subsequent relaxation to the 


- 3 
H 


NATURE VOL. 245 SEPTEMBER 7 1973 


stable B form, progeny supercoils of opposite sense would 
be formed. 

How might superstructures of nucleic acids be replicated 
and inherited? Perhaps defined superstructures are re- 
introduced into the DNA during each cell cycle by the 
action of diffusible differentiator molecules. This mechan- 
ism involves a complex differential; the superstructure, 
although it controls gene expression, is maintained by a 
continuing association with differentiator molecules. Alter- 
natively, the replicating machinery of cells might duplicate ` 
not only the primary base sequence but also the super- 
structure of DNA. For example, consider the semi-conserva- 
tive replication of a circular duplex of DNA proceeding 
by strand separation and progressive synthesis of daughter 
strands around the circle. If no covalent bonds are broken, 
two interlocking circles result, each topologically identical 
to the parent. (The number of times one circle interlocks 
with the other is a fanction of both duplex and superhelical 
turns) ït is not surprising that superstructure is conserved 
on replication in this way because, from the point of view 
of one strand of the parental double helix, all that has 
been done is to remove a complementary strand and replace 
it with a newly synthesized strand. The progeny circles can 
only be freed from one another by cutting covalent bonds to 
open the duplex. The cut ends must then be mended after 
separation of the progeny to reform two isolated circles. 
(Of course, circle opening and closing probably occurs con- 
tinuously during synthesis.) 1f net rotation about the axis of 
the helix is forbidden during opening of the circle, the 
progeny duplexes remain topologically identical to the parent. 
It seems likely that during circle opening the cut ends of 
the duplex will be held in some way, so that they can be 
rejoined after separation of the progeny. They might be held 
by the enzymes responsible for making the cut or by some 
supramolecular organization of the duplex. This holding 
of the cut ends implies a restriction of rotation about the 
axis of the helix. If the circle of DNA contained super- 
helical turns these plausible restrictions ensure that its super- 
structure is automatically replicated together with its primary 
base sequence. If supercoils can be maintained in linear 
DNA molecules they, too, will be conserved on replication in 
this way. 

It has been argued that a simple differential can be auto- 
matically replicated and inherited. Once established, a 
superstructural differential, unlike other differentials, 
does not require the*continued operation of the mechanisms 
that created it. The idea that development proceeds by a 
process of directed gene mutation appealed to the early 
embryologists for the same reason. Specific mutations can 
be inherited without the operation of specific self-generating 
loops ; so, too, might specific superstructores of DNA. The 
crux of the problem posed by differentiation concerns the 
way differentials can be inherited. Superstructural differen- 
tials, but not those of other kinds, can be inherited without 
invoking self-generating loops. 

The superstructural hypothesis requires that DNA mole- 
cules which have identical base sequences may be poly- 
morphic. We know that the small circular DNA molecules 
of viruses can adopt a variety of configurations. ‘These 
molecules contain superhelical turns in addition to the helical 
turns of the DNA duplex. Intact and closed circular DNA 
of SV40 can be purified from isolated virions or from cells 
infected with virus. One strand of the double stranded DNA 
from these viruses can be cut in vitro, and this is followed 
by a dissipation of superhelica! turns ; the cut can be sub- 
sequently mended by polynucleotide ligase. Intact and 
circular DNA molecules from SV40 may therefore be 

egbtained from the virions, from cells infected with virus 
and by making the “relaxed” form in vitro.. Although these 
DNA molecules have identical base sequences they differ 
in superhelical properties”. Parental and progeny SV40 DNA 
molecules have the same superhelical density, which differs 
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from that of “relaxed” molecules ; a defined configuration is 
faithfully replicated and inherited during the normal growth 
of the virus. 


Cis and Trans Effects 


The genes on X chromosomes are coordinately activated 
or inactivated. Presumably controlling elements on the X 
chromosome determine the activity of neighbouring genes 
on the same chromosome (cis) but not the activity of genes 
on the other X chromosome in the same cell (trans). What 
permits these controllmg elements to transmit information 
to genes located cis but not frans? It is generally believed 
that information is transmitted to genes located cis through 
polycistronic RNA molecules or through a molecular bridge 
built from diffusible molecules by cooperative effects. Alter- 
natively, information might be transmitted along a chromo- 
some through the superstructure of DNA. Indeed, a super- 
Structural differential might be expected to lead directly to 
cis effects. The cis inactivity of the genes on the X chromo- 
some is correlated with gross condensation of the chromatin 
to form a Barr body™. 

How might one distinguish between the effects of the 
two types of differential? First, if the superstructure of a 
gene is determined by that of neighbouring DNA, trans- 
location of genes might affect their function ; on the other 
hand, translocated genes should still be subject to regulation 
by diffusible differentiators. Second, cell fusion mediated 
by Sendai virus can be used to construct binucleate cells 
from parental cells with genomes that probably contain 
identical base sequences but which have different pheno- 
types Such studies should provide insight into whether the 
differentiated phenotype results from cis or trans phenomena. 
Third. if superstructures of DNA can be changed, for 
example by the intercalation of drugs, gene expression 
governed by a simple differential should be modified. Per- 
haps the remarkable effects of the thymidine analogue, 5- 
bromodeoxyuridine, on the expression of differentiated traits 
result from effects on gene superstructure. 


Implications of Heritable Superstructural 
Differentials 
It has been argued that superstructural differentials can 
be automatically replicated and inherited. Once established, 
a superstructural differential, unlike other differentials, does 
not require the continued operation af those mechanisms 
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that created it. It also provides a simple explanation of cis 
phenomena. Only genes on a chromosome that has adopted 
a particular superstructure might become inactive ; those on 
other genetic elements might be unaffected. Perhaps heritable 
differentials have a superstructural basis; other types of 
differential might have other bases. If so, the superstructure 
of a gene would be one factor in the hierarchy of mechanisms 
which govern the expression of the gene.  Diffusible differ- 
entiators might regulate gene expression within the limits 
imposed by that superstructure and they would be involved 
at the creation of the superstructural differential But the 
superstructure, once created, would be inherited as an 
acquired characteristic. The development of an organism 
would then proceed by an orderly acquisition of gene super- 
structure. 

This work was carried out during the tenure of a Stothert 
Research Fellowship of the Royal Society and Research 
Fellowships at Brasenose College, Oxford, 1 thank Professor 
H. Harris for support and colleagues in Oxford for help with 
the manuscript. 
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PHYSICAL SCIENCES 


Rotation of the Earth's Magnetic 
Field 


Haney’? first noticed that the magnetic declination at a number 
of sites changed with time in a manner that was consistent with 
a steady westward drift of the magnetic field relative to tite 
surface of the Earth. After long neglect, interest in westward 
drift was revived by the work of Bullard et al.2, who examined 
the westward drift of the non-dipole part of the field, which 
they considered to originate less deep within the core than thee 
slower moving «dipole field. Since then, there have been 
numerous other studies (for example refs 3-5) introducing 
various refinements, such as separation of the field into drifting 
and standing parts, variation of drift rate with latitude and 


separate rates of drift for each harmonic component. A common 
feature of all such studies is that they consider the drift of the 
field to be a rotation about the geographical axis. Here we 
remove this constraint and examine the possibility that the 
secular changes in the magnetic field might be more closely 
represented by rotation about an axis other than the geo- 
graphical axis. This should not be confused with the “‘north- 
ward drifts”? which is merely the change in the latitude 
coordinate of the eccentric dipole position. 

To avoid spurious effects due to different distribution of data 
at different epochs, we used the main field models of Malin? 
which were all based on 5-yr means of observatory data from 
the same set of eighty observatories for each epoch (1942.5, 
1947.5, 1952.5, 195775 and 1962.5). These models are sets of 
spherical harmonic coefficients to degree and order 6 referred 
to a geographical polar coordinate system (r, 0, 2), where r 
denotes radial distance from the centre of the Earth, 0 denotes 
colatitude and 2. denotes east longitude. 
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Fig. 1 Position of the pole of rotation of the non-dipole part of 
the Earth s magnetic field s 


The models for two different epochs were transformed to a 
new coordinate system with its pole at 6’, 4’ in the old 
System?? The model for the earlier epoch was then rotated 
about the new pole by an angle 8 such that K, the coefficient of 
correlation between the non-dipole parts of the two models, 
was a maximum A systematic search was made for the values 
of 6’, 4’ and è that produce the greatest value of k, that 1s, for 
the rotation that reproduces the secular change of the non- 
dipole field most accurately The results of such searches are 
given in Table 1 for all combinations of pairs of models, and 
also for the more recent models!* which were similarly based 
on uniform sets of observatory data for the two epochs 1962 5 
and 1967 5 

The pole of rotation has apparently moved from Novaya 
Zemlya towards the north magnetic pole at a fairly steady rate 
during the interval considered (see Fig 1) During this time the 
drift rate remained near —0 18 deg yr- (the negative sign 
implies anticlockwise rotation when viewed towards the pole 
from the centre of the Earth, that 1s, approximately westwards) 
but showed a maximum amplitude when the rotation pole 
was near to the geographical pole 

Although not all the estimates ın Table 1 are independent, 
the regularity of their changes with time strongly suggests that, 
in general, the pole of rotation differs significantly from the 
geographical pole (Had the true pole of rotation coincided 
with the geographical pole, we would have expected the points 
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Table Pole Positions and Rotation Rates required to give Maximum 
Correlation between Magnetic Field Models for Different Epochs 





Mean Interval 





Epochs of Pole position Rotation 
models epoch T East Colatitude, S/T 
(yr) longitude, 4’ 0' (deg yr~1) 
(deg) (deg) 

1942 5-1947 5 1945 5 657 137 —0 164 
19425-19525 19475 10 64 8 130 —0 172 
1947 5-1952 5 1950 5 62 8 123 —0 180 
1942 5-1957 5 1950 15 718 91 —0 185 
19425-19625 19525 20 709 71 —0 190 
19475-19575 19525 10 755 70 —0 194 
1947 5-1962 5 1955 15 68 6 P 51 —0 196 
1952 5-1957 5 1955 5 113 27 —0 200 
1952 5-1962 5 19575 10 44 17 —0 197 
1957 5-1962 5 1960 5 345 32 —0 194 
1962 5-1967 5 1965 5 263 5 73 —0 160 
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in Fig 1 to be randomly distributed about the geographical 
pole, which is clearly not the case ) 

Do these results have any physical significance? If the move- 
ments of the field reflect corresponding movements of the outer 
layers of the core? (although Hide!" has advanced an alternative 
explanation), the foregoing results imply that the absolute 
rotation of the outer core 1s about an axis slightly different 
from that of the mantle, so that the rotation poles of the core 
and the mantle will be on opposite sides of the total angular 
momentum pole (the direction of which 1s fixed 1n space) and 
they will rotate around ıt with a period very close to 1 d 

For a quantitative investigation, we need to know the rotation 
rate of the whole core, not just its outer layers The friction at 
the core-mantle interface will tend to reduce relative motion 
between the core and mantle, so 1t seems likely that the deeper 
layers will have a greater motion relative to the mantle than 
that found here An alternative argument?, based on conserva- 
tion of angular momentum in a convecting core, suggests, 
however, that westward drift should decrease with depth within 
the core As a compromise, we will assume that the rotation 
found here is representative of the whole core Because most of 
the moment of inertia of the core 1s contributed by its outer 
layers, this point 1s probably not critical 

From the 1942 5 to 1962 5 data of Table 1 (representing the 
longest baseline and hence, probably, the most reliable determi- 
nation) we may deduce that the angle between the rotation 
axes of the core and mantle 1s 1 56 (8/T) sin 0'—0 037 arc s, 
and the difference in rotation periods 1s 0 66 (8/T) cos 8’ — 0 12 
sidereal s Ignoring lunisolar effects, the Earth as a whole 
rotates with the period of 1 sidereal d about its angular mo- 
mentum axis, which 1s fixed 1n space Thus axis divides the angle 
between the axes of the core and mantle in the ratio of their 
moments of inertia, 1 8 5, so that the axis of the mantle would 
describe a circle of radius 0 004^ on the celestial sphere once 
each sidereal day Its right ascension would be 4^—4 h 11 min 
at 0 h Greenwich sidereal time Ground-based astronomical 
observations determine the position of the mean rather than the 
instantaneous axis, so the movements of the mantle axis 1n space 
would appear as an apparent diurnal variation of latitude of 
amplitude 0004” Such a small variation ıs at the limits of 
resolution of a photographic zenith tube but should be readily 
detectable using laser-ranging techniques 

It 1s interesting to note that the above amplitude 1s similar 
to that of the sidereal term found by Fedorov! in the forced 
variation of latitude of a perfectly elastic Earth 

Discussion of theechanges of the position of the pole of 
rotation of the magnetic field would be premature until further 
details of its locus have been obtained from the analysis of 
longer series of data than those considered here 

We thank Mr R H Tucker of the Royal Greenwich Ob- 
servatory for discussions 
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Chlorofluorocarbons in the 
Atmosphere 


ThE chlorofluorocarbon CCI;F (trichlorofluoromethane) occurs 
in the atmosphere!, and seems especially attractive for use as 
a tracer of air and water mass movements?? Its use as a 
propellant-solvent for aerosol dispensers results 1n its entry to 
the atmosphere where, due to its stability, 1t can accumulate 
There has been an exponential increase in the use of this 
compound in recent years Its residence time in the atmosphere 
has been estimated to be greater than ten years? 

The trichlorofluoromethane is formed in roughly equal 
amounts with dichlorodifluoromethane (CCI;F;) during their 
production from carbon tetrachloride In the United States 
the production rates are 0 12 and 0 18 Mton yr-' for CCI3F 
and CCI;F; respectively The world production rate probably 
1s three times these values The dichloro-compound ts much 
less sensitive to gas chromatographic assay than its trichloro- 
counterpart and as yet 1ts occurrence has not been reported 
in the atmosphere Because it ıs somewhat more stable in its 
packages as an aerosol*-5 and presumably more stable in the 
atmosphere, one would expect it in higher concentrations than 
CCIF Further, its relative stability would enhance its use 
as a tracer The aim of the investigation we describe here 
was to seek out the levels of these two chlorofluorocarbons in 
the atmosphere of Southern California 

Analyses were carried out with a gas chromatograph fitted 
with an electron capture detector and a column using ‘Porapak’ 
T Aur was sampled m brass tubing, either end of which had a 
“quick connect" Before sampling, the tubes were purged 
with helium and evacuated 

The air samples were combined with helium to a pressure 
of about 35 atm and subsequently introduced into the gas 
chromatograph with helium as a carrier gas Using an electron 
capture detector, the sensitivity for dichlorodifluoromethane ts 
about 1/45 of that for the trichlorofluoromethane? 

Samples were taken from the downtown area of San Diego, 
the Scripps Institution of Oceanography Pier and the Anza- 
Borrego desert region, about 100 km north-east of San Diego 
The trichlorofluoromethane values are ın agreement with those 
of Lovelock!:? (Table 1) and up to an order of magnitude less 
than those of the dichlorodifluoromethane 


Table 1 Atmospheric Chlorofluorocarbon Concentrations 
e 








Trichloro- Dichloro- 
fluoromethane  fluoromethane * 
La Jolla pier Maximum 22 0x 10-19 80x10-? 
Minimum 012 03 
Average 37-456 58-46 
San Diego Maximum 180 70 
Minimum 01 0 58 
Average 29424 32414 
Desert 097 0 70 
Marine airs between the United 
Kingdom and the Antarctic? 05 — 
Ireland! 01to20 — 





* ml per ml of air 


Our expectation that the dichlorofluoromethane would be 
more abundant than the trichlorofluoromethane is borne out 
in samples taken from the industrialized area of San icu 
and from the adjacent desert regions The substantially 
smaller abundance of trichlorofluoromethane ıs probably 
related to the relative instability of its. C-Cl bonds Thè 
homolytic cleavage of this bond 1n the presence of such sub- 
stances as hydrocarbons and alcohols in the atmosphere atd 
in the containers'in which ıt 1s used can result in its hydrolysis 
to formic acid by the path*-° 


CCl,;F—CHCI,F>HCOOH 
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Table 2 Chlorofluorocarbon Concentrations in Laboratory Gases 





Trichloro- Dichloro- 

Gas * fluoromethane t fluoromethane f 
N: (Hi-dry) 62x10-!! 14x10-? 
He (99 998 %) 21x10-!! 10x 10-? 
Compressed air 40x 10-!? 35x10-? 


* AII gases were obtained from Liquid Carbonic Company, San 
Diego, California 
T ml per ml of gas 


Compressed gases, now used in laboratory work, contain a 
burden of the chlorofluoromethanes (Table 2) The chloro- 
fluorocarbons probably have origins tn the airs from which 
the gases were made, as well as in leakages from refrigeration 
equipment used in their production The relatively low value 
of the trichlorofluoromethane emphasizes its lower stability 
compared to its dichloro counterpart 

Using an estimated world production of the dichlorodi- 
fluoromethane of 0 54 Mton yr-! and an atmospheric concen- 
tration of 0 70x 107? ml per ml of air, we obtain a residence 
time of around 30 yr, which 1s substantially higher than that 
of CCIF (about 10 yr, ref 3) This longer residence time in 
the atmosphere can be of decided advantage in studying air- 
sea interactions, especially because we have little knowledge 
about the*environmental sinks for either of these chlorofluoro- 
carbons 

Michael Paul Prisbylla and Chiang Pin Su assisted in sample 
collection We thank Dr James G Burt, Freon Products 
Laboratory, Dupont, for discussion The research was 
sponsored by the National Science Foundation 
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Pb in Particulates from the Lower 
Atmosphere of the Eastern 
Atlantic 


MAN-INDUCED changes affecting the trace metal composition 
of seawater through river runoff have their initial effects in 
coastal regions close to the source of pollution It 1s now recog- 
nized, however^?, that atmospheric transport can introduce 
pollutants directly to the open ocean There are still few data 
on the trace metal compositions of atmospheric particulates 
from oceanic areas and those that are available?-5* are from 
latitudinally restricted locations. Recently, we have carried out 
a sampling programme®~* in which particulates have been 
collected from seawater and from the lower atmosphere 
(~15 m above the sea surface) over large tracts of the world 
ocean The collectioh details have been described elsewhere? 
and here we present data on the concentration of Pb in at- 
mospheric particulates collected along the length of the Atlantic 
Ocean from a variety of air masses The results are listed in 
Table 1, and the ship’s track 1s shown in Fig 1. 
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Table 1 Average Pb Concentrations in Atmospheric Particulates 





Wind system* Pb concentration Enrichment Potential particulate 
(P p.m , No. of samples, and range) factort source area 
Westerlies (~50°N-~30°N) 1,453 (4; 720-2,000) 113 Western Europe 
North-east Trade/Westerlies boundary region . 
(~30°N-~20°N) 384 (3, 185-685) 46 Western Europe, North Africa 

North-east Trades (~20°N—~25°N) 140 (7; 59-238) 12 North Africa, West Africa 
ITCZ (~5°N-~0°N) 116 (3; 86-142) 10 Central Africa . 
South-east Trades (~0°S—~30°S) 269 (5; 135-490) 23 Angola, South-west Africa 
Variable winds off South African coast 695 (7, 162—1,450) 56 South Africa 
United States urban air? 2,300 





* Samples were designated to a particular wind system by latitude, dust loading and dust colour. For example, at 30°N the winds were variable 
and dusts were grey, even though the area lies within the usual limits of the North-east Trades which are characterized by red-brown dusts. 


t See text 


It can be seen from Table 1 that there 1s a marked decrease 
in the Pb contents of the particulates southwards from the 
Westerlies to the Inter-Tropical Convergence Zone (ITCZ) 1n 
the northern hemisphere, and a decrease from the variable winds 
of the South African coast to the ITCZ ın the southern hemi- 
sphere This profile offers evidence of anthropogenic effects on 
the Pb concentrations of particulates from oceanic regions. 

In order to evaluate the magnitude of anthropogenic effects 
on urban air an "enrichment factor", based on the ratio of the 
concentration of an element to mon ın urban particulates, 
divided by the ratio of the same elements in average crustal 
material, has been used? Lead **enrichment factors" calculated 
in the same way are given in Table 1, together with the average 
of United States urban particulates The “enrichment factor? 
for Pb ın the urban air 1s 2,300 and that of particulates in the 
Westerlies 1s 113, that 1s, the latter is one order of magnitude 
lower. The Westerlies themselves, however, have an enrichment 
factor one order of magnitude greater than that of the North- 
east Trades (12) It may be concluded, therefore, that anthro- 
pogenic effects are apparent 1n the distribution of Pb in marine 
atmospheric particulates Further, such effects are geo- 
graphically dependent, the highest Pb concentrations being 
found m particulates originating from relatively heavily popula- 
ted source areas such as Western Europe, which can supply 
solids to the Westerlies 1n this region of the North Atlantic?, 
and South Africa 


WESTERLIES 


SE 
TRADES 








80* 60* 40* 20 o 20 40* 
Fig.1 The ship’s track (- --) and wind systems 1n the Eastern 
Atlantic. 


No attempt is made here to express the concentrations of Pb 
in the atmosphere itself because there are considerably more 
particulates per unit of air ın, for example, the North-east 
Trades than in the Westerlies! Because of this any anthropo- 
genic effects in Pb concentrations of the particulates could be 
masked by the large differences in dust loadings. This question 
will be considered in detail elsewhere. Here we make the point 
that Pb concentrations within the particulates themselves vary 
geographically 

We thank the Blue Funnel Lime for permission to make 
collections from their ships; the master, officers and crew of 
the MV Cyclops; A. J. Woodward for help in the collection of 
samples; and the Natural Environment Research Council for 
financial support. 
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Microorganisms of Carpentarian 
(Precambrian) Age from the Amelia 
Dolomite McArthur Group, 
Northern Territory, Australia 


DuntNG petrological examination of core from DDH Tawallah 
Pocket No 1, a diamond drill hole drilled in 1972 by Carpen- 
taria Exploration Co Pty Ltd (a subsidiary of Mount Isa Mines 
Holdings Ltd) as part of its exploration activities m the 
McArthur River region of the Northern Territory, Australia 
@ig 1), N. J. W C. discovered microfossils The samples 
were forwarded to M. D M. for detailed study, and are 
*baiefly described here as the first record of microfossils of their 
particular age and from this area The coordinates of the hole 
are 16° 00’ 02" S and 135° 30’ 35" E 
Some of the single-celled organisms are clearly similar to 
Huroniospora Barghoorn 1965, described from the 1,900 x 105 yr 
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old Gunflint Chert of Canada'*?. Although most of the cells 
in the Amelia Dolomite assemblage have much smaller average 
diameters, several very close comparisons may also be made 
between Bitter Springs™>* and Amelia Dolomite forms, even 
though the time difference between the two formations is 
probably as much as 700x 10° yr. As an example, small, 
usually paired, double-walled cells in the Amelia Dolomite 
assemblage strongly resemble Sphaerophycus parvum Schopf 
1968; Schopf regards this species as being a blue-green alga 
and probably Chroococcacean in affinity. Similarly, a large 
number of colonial Amelia Dolomite forms could be assigned 
to the genus Myxococcoides Schopf 1968. 

One of the most interesting of the colonial bodies in the 
Amelia Dolomite is a multicellular organism (Fig. 2) which 
was clearly growing within the sediment in which it is now 
found. It has a basal attachment, then broadens to a wider 
multicellular “bulb” which appears to have a rim of rather 
flattened cells around its margin; it finally thins to a tube from 
which small branches are given off at irregular intervals. The 
whole structure is more than 250 jm high, and its diameter 
ranges from 25 to 50 um. Individual cells range in size from 
4.0 to 15.3 um and possess the remains of what may originally 
have been internal cell contents. 


AUN 


i 

NY *i 
! 
EM 


i 
[ 

| 

LI 
LU 
v 


a 


Fig. 1 Locality map. 
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There appears to be clear cellular differentiation in the 
colonial structure illustrated in Fig. 3. Two types of cell 
can clearly be seen—one elongated and arranged in a sub- 
parallel to radiating manner, and the other type rounded and 
forming terminations to the elongated cells; the whole colony 
has a somewhat triangular outline. No such organisms have 
previously been described from the Precambrian. 

The McArthur Group (5.4 km thick) is a carbonate sequence 
forming part of the type Carpentarian succession? in the 
McArthur Basin of the Northern Territory, Australia. The 
group conformably overlies a dominantly arenite succession, 
4km thick (the Tawallah Group), and is in turn unconformably 
overlain by an arenite-lutite sequence, 3 km thick (the Roper 
Group). The original stratigraphic relationships in the 
McArthur Group* have been drastically revised in a new 
account’. The stratigraphic column of the McArthur Group 
is summarized in Fig. 4. 

The lower part of the Amelia Dolomite succession consists 
of a series of bituminous dolomites and shales, and the micro- 
fossils occur at a level 12.3 m above the base. Curved banding 
in the core could represent stromatolites which are common 
in the Amelia Dolomite outcrops*-’. 

Hamilton and Muir* report the discovery of MET 
microorganisms in bituminous matter from the McArthus 
orebody in the HYC Pyritic Shale Member? of the Barney 


Creek Formation. . 


The type Carpentarian sequence is at present the subject of 
an intensive age determination study; at present the McArthur 
Group can bo placed only within rather broad limits. Granites 
forming basement to the Tawallah Group are about 1,790 +30 





Fle. 2 Large multicellular organism — basal attachment 
and position of growth 


x 10° yr old, and the Lower Rope Group has a minimum age 
of 1,390 x 10° yr (ref. 10). These are the only positive data 
at present, 

The South Nicholson Group, 200 km south-east of McArthur 
River, overlies the McArthur Group and is thought to be 
1,510+ 120 x 10° yr old'!. 

It scems then, that the age of the Amelia Dolomite is between 
1,500 and 1,800x 10° yr; about 1,600x 10° yr would seem 
to be a reasonable prediction at this stage. 

Most of the Umbolooga Subgroup (Fig. 4) reflects very 
shallow water sedimentation in an arid hypersaline environ- 
ment, alternating, commonly cyclically, between supratidal, 
intertidal and subtidal. Water depth was greater when the 
Barney Creek Formation was deposited. The Batten Sub- 
group represents a carbonate basinal facies with a considerable 
terrigenous component. 

In the Amelia Dolomite itself, superficial comparison of 
stromatolite forms with modern types’? may suggest an 
intertidal environment. The cores, however, show micro- 
alternations of organic matter and carbonate (sometimes 
replaced by chert) which closely resemble Recent supratidal 
deposits in the Persian Gulf (sabquha), and others in the 
geological past, which are a product of a hot dry climate and 
hypersaline marine conditions with frequent drying out of the - 
sediment. 

The microfossils described here help to fill a gap in the 
knowledge of Precambrian microorganisms. Stratigraphically, 





Fig. 3 Multicellular organism showing differentiation of cells 
with some subparallel elongated cells terminated by smaller 
spherical cells. 


























nb » orphologically, they repre- 

à considerable evolutionary advance on the Gunflint 
microorganisms. "The colonial organisms are the oldest 
covered and the multicellular organisms show cleat 
ence of cellular differentiation of a type not observed in 
ent day prokaryotic organisms. The two types of organism 





Roper Group 


Dungaminnie Formation 


£ Balbirini Dolomite 
a^ Stramatotites 


Amos Formation 





Smythe Sondstone 






Looking Giuss Formation 
Stretton Sondstone 
Yalco Formation 


> Betten. | 
«| Subgroup P; 


Lynott Formation 





Reward Dolonite 


. Barney Creek Formotion 


seh YC Pyritic Shale Member 


ah. 


. Teeno Dolomite 


McArthur Group ; 


€ 
, Emmerugga Dolomite 





Stromatofites 








Umbolooga 
Subgroup Tooganinie Formation 
df 
Tctoola Sandstone 
VOX] £^ Amelia Dolomite 

&& MICROFOSSILS 


Mcllapunyah Formation 











Tawallah Group 


4 Schematic ‘column of the stratigraphy of the McArthur 
uic zem at McArthur River. 





i Figs 2 and 3 havé large cells and a high level of 
ation, and share many characteristics in common with 
her eukaryotic algae |. 
he wide variety and large numbers of microorganisms in 
e Amelia Dolomite will repay further intensive study, and 

resent an exciting, advance i in our knowledge of Precambrian 
microbiotas. UN 

The Carpentaria Exploration Co, Pty Ltd supplied the drill 
core on which this communication is based: Conzinc Riotinto 
of Australia Ltd provided a grant to the Baas Becking Geo- 
biological Laboratory for one of us (M. D. M.) to visit the area. 
We thank Mr Haddon F. -King for his interest and support. 
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Depositional Histories of Sand Grains 
from Surface Textures. 


Brown? has drawn attention to: the occurrence of features of 
“glacial origin" on sand grains from freshly weathered granite, 
from beaches, and from streams, all presumably lacking 
evidence of previous glacial history. We would like to clarify 
certain misleading statements presented by Brown, not with 
the purpose of discredfting her findings but rather to argue with 
the interpretation of her data with respect to previously pub- 
lished literature on this subject. Krinsley and Donahue’s 
transmission microscope work? of 1968, referred to by Brown, 
has been greatly expanded on by much detailed work since the 
use of the scanning electron microscope to examine sand grain 
surface textures became widespread*-*. The statement made by 
Brown, quoting Krinsley and Donahue? “that an assemblage of 
textures should characterize any one abrasive process, and that 
no single feature can be considered completely. diagnostic," 
was modified by Margolis. and Kennett‘ to read '*. . . no single 
surface feature can itself be used to identify the origin of a sand 
grain, but rather that certain combinations of features are highly - 
diagnostic when statistically significant percentages of the 
grains in the sample are examined". With regard to Brown's 
statements on features of glacial origin Margolis and Kennett* 
have written: “Features that in previous studies have been 
individually regarded as diagnostic of glacial origin such as 
latge conchoidal fractures and breakage blocks, are also 
occasionally found on grains from high turbulence beaches and 
also occasionally on desert sands. When combinations of 
surface features: are examined statistically, however, glacially 
derived sand grains exhibit unique combinations of charac- 
teristics"**. The point here is that the technique had advanced 
beyond presenting individual photographs as evidence of the 
history of a sand, and now involves a more quahtitative treat- 
ment of data. á 
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Because Brown does not present any data on the number of 
grains examined in each sample, their size range, how indi- 
vidual grains were selected for examination, or how the distri- 
bution of features varied on individual grains within each 
sample, 1t would be difficult to assess how closely these grains 
resemble those previously described as being of glacial origin. 
Descriptions and micrographs of grains of non-glacial, primary 
origin presented by Brown! admittedly resemble grains of 
glacial origin, but they lack striations, which are features 
fairly common to many quartz sand deposits with a history of 
glacial action, although not every grain from deposits of known 
glacial origin necessarily exhibits striations‘ Brown also 
overlooks—or at least does not refer to—previously pub- 
lished surface texture work on quartz grains from granitic 
regoliths and streams Large variability in surface features 
has been found on quartz grains from river sands‘ Most of the 
river sand grains examined were interpreted as reflecting their 
previous transportational and diagenetic history from the source 
area, rather than fluvial processes, resulting very often in a 
random distribution of features when fifty or more grains from 
a single locality are examined Abrasional pitting and fracturing, 
however, has been noted on grains from rivers and streams 
with high turbulent energy* 

Most quartz grains from schist, gneiss and granite regoliths 
examined have exhibited a large variety of chemical solution 
and overgrowth features, their expression depending on 
intensity of chemical weathering"!*"?* Large and small con- 
choidal fractures, small breakage blocks, and semuparallel 
step-like fractures have also been described from regolith 
grains, these mechanical features are perhaps the result of frost 
action, or possibly expansion of surrounding minerals in the 
source rock by hydration during chemical weathering*,”»° 
Quartz grains derived from unweathered regolith material and 
glacial grams therefore have many fracture and cleavage 
features ın common Fresh, chemically unweathered grains, 
however, are very rare, and 90 to 95% of the regolith grains 
examined to date exhibit varying degrees of complex solution 
and precipitation features, together with some fracture features 
listed above^.»-12 The variability of surface features between 
individual regolith quartz grains is greater than that of any 
environment investigated, including river sands, this alone 
can serve to distinguish these grains from those of glacial 
origini”? 

The similarity ın the features on 1ce-rafted grains from sub- 
antarctic deep-sea cores and quartz from fresh granitic regoliths 
noted by Brown}, may be due to the protection from chemical 
weathering of fresh regolith material offered by incorporation 
in the ice sheet during transport to the deep sea Indeed, we 
have found that when grams from beneath the Antarctic ice 
sheet, from icebergs, and of other unquestioned glacyal origin 
are examined, not every grain exhibits an array oi eatures 
previously described as being diagnostically glacial*. A smal] but 
significant percentage of these grains exhibit the wide variation 
m surface features, including those of chemical origin, which 
are characteristic of regolith grams The ratio of regolith to 
glacially abraded grains within a given glacial sample may vary 
considerably, being a function of such factors as type of glacier 
(alpine, continental, wet base, dry base), source rock type and 
terrain, and availability of easily erodable materials!* 

If this represents the true situation, and some grains are 
glacially transported considerable distances from the source 
area without any change 1n surface features, then which of the 
features found on grains of known glacial origin are actually 
the result of glacial abrasion processes, and which are produced 
in the source area prior to glacial influence? This, of course, 1S 
extremely difficult to answer, because quartz fractures look 
similar, regardless of the agent (ice, water, air) in which the 
fracturing occurs But glacial abrasion cannot be 100% 
efficient, and some grains may go through the glacial transport 
cycle without receiving any new surface features It 1s not 
therefore incohsistent with our data that primary and glacial 
quartz grains can sometimes exhibit similar surface features 
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It has been our experience that the best approach to take ın 
trying to decipher the history of sands by examining their 
surface textures 1s to examine from fifty to 100 grains from a 
sample and record the occurrence of features from each grain‘ 
Using this technique we can usually provide useful information 
on a sand's history, although we have not always been success- 
ful 1n providing a unique environmental interpretation 

Judging from the samples we have examined to date, sand 
grains of glacial origin yield a characteristic distribution of 
features, distinctly different from other high energy environ- 
ments including mud flows, landslides, high energy rivers and 
pebble beaches**/4, although we admit that an individual 
grain from one of these environments may resemble a given 
glacial grain, and that we have by no means examined all of the 
infinite varieties of environments containing quartz sand 
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Dr Brown replies The discussion by Margolis and Krinsley* 
of my work on quartz grain surface textures? involves no 
criticism of the principal theme of that work, reservations on 
the application of electron microscopic examination of surface 
textures to ancient sediments, so there seems to be no con- 
troversy 

I regret that certain more recent references were not quoted 
extensively, however, I note that the important paper used as 
the basis of the preceding criticism! (Margolis and Kennett?) 
was indeed included Unfortunately I have not had the pleasure 
of reading either Margolis's thesis* or the yet unpublished Atlas 
of Quartz Sand Grain Surface Textures® 

In response to my critics’ request for sampling statistics 
it was not my intention to evaluate the depositional environ- 
ments of the Pleistocene sands but rather to discuss the appli- 
cation of the technique of electron microscopy to ancient sedi- 
ments using selected examples But the following comments on 
sampling serve to demonstrate an important point 

In the original study® electron microscopy was used to supple- 
ment other sedimentological techniques (such as grain size 
analysis) which had failed to discriminate depositional environ- 
ments More than 200 Pleistocene sand. grains were examined, 
selected randomly but chiefly around 250 ym grain diameter 
because this 1s a very dominant mode in the well sorted sands 
Of these only fifty grains, bore any remotely recognizable 
depositional surface textures, the remainder had surfaces 
extensively altered by diagenetic surface solution and reprecipi- 
tation effects. Only five grains showed sufficient variety of 
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textures to be called diagnostic Aeolian, aqueous and glacial 
type textures were all represented, either alone or concomitantly. 

Margolis and ‘Kennett? have indeed shown that the most 
Satisfactory and scientific approach to the interpretation of 
textures occurs when *. . statistically significant percentages 
of the grains 1n the samples are examined? In modern sedi- 
mentary environments (or environments preserved from ex- 
tensive weathering and abrasion, such as ice-rafted Eocene 
sediments’) this 1s a viable proposition. But, modern environ- 
ments represent the experimental laboratory of the sedimentolo- 
gist and experiments must relate to the interpretation of the 
ancient environment I have suggested that ^ . the value of 
any new sedimentological technique lies ın 1ts application to the 
mterpretation of ancient deposits where there is no a priori 
knowledge"? Is it still a viable proposition to obtain a statisti- 
cally significant percentage of grains? 

In the case of the Pleistocene sands several transportational 
processes seem to have acted concomitantly but in varying 
degrees of importance throughout the succession*. To evaluate 
statistically? the 50 foot succession of sands in North-east 
Cheshire alone would involve taking an absolute minimum of 
ten well selected localities and samples at not more than 10 foot 
intervals, a minimum of fifty samples Because of the high 
degree of surface solution these sand grains have suffered, one 
would have to examine around 2,000 grains from each sample 
to obtain fifty reasonably unaltered grams, and even these 
would possess a variety of textures—aeolian, aqdeous and 
glacial. In all a minimum of 100,000 grains would require 
examimation—a marathon task involving 240 d of electron 
microscopy alone working at the pace of experienced operators 
hke Krinsley and Margolis’ If the technique of electron micro- 
scopy is applied to the interpretation of more ancient sands an 
impracticably vast number of grains may need to be examined. 
It is tempting, therefore, to use far fewer grams (as I did in my 
original study?) and to draw conclusions from statistically 
inadequate data. From this one may be forced to conclude that 
the statistical approach to surface texture interpretation is 
practical only in relatively modern or very well preserved 
environments and cannot be extended easily to interpret 
ancient sediments which is the ultimate aim of the sedimentary 
geologist. 

For comparison with the Pleistocene sand grains I used not 
only quartz grains from freshly weathered granite but also 
freshly weathered quartzitic Carboniferous Millstone Grit, 
and Cretaceous Lower Greensand from a marine environment. 
It was a Lower Greensand, aqueously abraded grain which I 
compared? to an ice-rafted gram? and not granitic regolith 
material as stated by Margolis and Krinsley! Although few 
grains were examined all the granitic quartz grains were angular 
with high rehef and well fractured This was true for only 
some of the Millstone Grit. grains but these also showed 
surface striations, comparable with those demonstrated by 
Knnsley and Margolis’ (Fig. 12) and Margolis and Kennett? 
(Plate 3F). Since Millstone Grit was probably one of the chief 
sources of the Pleistocene sands‘, how 1s it possible to distin- 
guish satisfactorily between glacially and non-glacially abraded 
grains? Since a high proportion of post-Palaeozoic sandstones 
are also derived from pre-existing sandstones, cannot the same 
problems arise? This very point is admitted by Margolis and 
Krinsley! but 1n the ancient deposit, where there is little or no 
a priori knowledge of environment, 1t is a critical factor. 

I have suggested? that more exact evaluation of the physical 
dynamics of depositional environments 1s required and also a 
comparison of the dynamics of different environments. I will 
o further and suggest that more attention should be paid to the 
nature of the individual quartz grains and their 1nternal con- 
trols on surface texture I believe that Margolis has already 
discussed the relationship. between V-shaped etch pits and 
crystallographic axes*. It ıs also necessary to understand the 
relationships between crystal face ‘and the shape/intensity of 
percussion pits?, crystal face and fractures or striations; the 
effect of inclusions or impurities on quartz etching, pitting 
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and fracture and possibly even the effect of trace element 
chemistry on the hardness of quartz grains and their influence 
on surface textures. 

I hope to discuss critically the significance of some of the 
above factors elsewhere. Other workers in this field (for ex- 
ample, W. B. Whalley, personal communication) are pursuing 
similar Imes of mvestigation. 

I regret that some of my statements? have been thought 
misleading by Margolis and Krinsley!. It is not my intention to 
either lead or mislead but to suggest caution m the application 
of electron microscopy to ancient sediments. 

Joan E. BROWN 
Ardvreck, 12 Whitefield, 
Rush Green Road, 
Lymm, Cheshire 
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Mechanism for Vapour Explosions 


Ir is well known that when a hot liquid comes into contact 
with a cold vaporizable liquid an explosion of considerable 
violence may occur. This type of explosion is called alterna- 
tively a vapour explosion, a thermal interaction or fuel-coolant 
interaction (FCI), the hot liquid being the fuel and the cold 
liquid the coolant. These interactions are not the result of 
chemical change; the energy source is the excess heat in the 
fuel. Fuel-coolant interactions have been observed between 
molten tin, indium, steel, aluminium and cold water, in the 
nuclear field between molten uranium dioxide (the fuel) and 
liquid sodium (the coolant), and in the chemical industry 
between liquefied natural gas, LNG (the coolant) and water 
(the fuel). Witte, Cox and Bouvier?, Brauer, Green and 
Mesler? and Groenveld* have given resumés of some proposed 
mechanisms for FCIs but, as they point out, none of those 
descriptions is really satisfactory. 

Several authors!:5-7 have recently discussed a model for the 
LNG-water interactions based on the theory of homogeneous 
nucleation?. It is proposed that the water heats the LNG to 
the superheated, metastable state. The violent explosions 
occur when the LNG reaches the homogeneous nucleation 
temperature and sudden vaporization occurs. Such a scheme 
cannot, however, completely account for all FCIs 

First, to transfer sufficient energy from fuel to coolant within 
the observed time scale of the explosion (a few tens of milli- 
seconds for inetal/water explosions) an extremely large contact 
area between fuel and coolant is needed Witte, Cox and 
Bouvier? have shown that in the case of metal/water explosions 
heat transfer rates three orders of magnitude greater than those 
that occur during boiling processes are required. This result 
implies that the contact area must increase by a factor of 103. 
In the case c? LNG-water explosions it is just conceivable that 
the LNG spreads by a sufficient amount (LNG and water have 
similar densities) but for metal-water explosions no spreading 
@ccurs 

Second, although the homogeneous nucleation temperature 
eof water is about 290? C, we have observed explosions between 
water and tin at an initial temperature below 290° C. An 
additional drawback to the superheating model exists in the 
case of metal-water explosions. Water 1s notoriously difficult to 
superheat For example, experiments with water superheated 
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by more than 10° C require careful preparation. The water 
must be boiled for several hours and then kept under vacuum 
In industrial explosions, where, of course, the water has not 
been specially treated, it is unlikely that highly superheated 
water is produced unless some mechantsm in the interaction 
itself reduces the number of nucleation sites 

Because of the limitations of the superheating model we 
Propose an alternative mechanism and indicate some experi- 
mental evidence which supports the model. The same mechan- 
ism and similar supporting evidence was first proposed inde- 
pendently by Board, Farmer and Poole®, but they performed 
virtually no calculations. We shall describe our calculations 
and the experimental evidence for the model in detail later. 

We divide the interaction into five stages, the last four of 
which occur cyclically. 

(1) As a result of some triggering mechanism the liquids 
come into intimate contact and a vapour bubble is formed. 

(2) The vapour bubble expands and then collapses as a result 
of condensation 1n the subcooled coolant Because of the 
density difference between fuel and coolant (and also possibly 
because a solid crust bas formed on the fuel) the bubble 
collapse is asymmetric and a high velocity jet of liquid coolant 
1s formed, directed towards the fuel. 

(3) The jet of liquid coolant penetrates the fuel and, because 
it has a high velocity, its subsequent disintegration and hence 
the increase in fuel-coolant contact area 1s extremely rapid 

(4) As the yet of coolant penetrates and breaks up, heat 1s 
transferred from the surrounding fuel to the jet and because the 
surface area 1s increasing rapidly the total heating rate also 
increases rapidly. 

(5) When the jet has been heated to a certain temperature it 
suddenly vaporizes and a high pressure vapour bubble forms 
The rapid expansion of this bubble disperses the surrounding 
fuel into the coolant as a spray of small drops 1n an analogous 
manner to the spray of water produced by a depth charge 
The process now proceeds from stage (2) again 

We regard stage (1) solely as a means of supplying the initial 
perturbation which causes the first bubble to form adjacent to 
the fuel surface. All our calculations for the rest of the model 
are based on the assumption that this bubble has been formed 
From the point of view of controlling the FCI, however, stage 
(1) 1s of vital importance If the triggering mechanism can be 
suppressed then no interaction occurs We shall discuss later 
how this may be done Because of the cyclic scheme some of 
the energy released from the fuel during each cycle is fed into 
subsequent cycles and it ıs this couplin£ that enables a small 
initial perturbation to grow We note that the model provides 
a mechanism for increasing the contact area between fuel and 
coolant that is essential to explain the observed rapid heat 
transfer. 

We now give a slightly more detailed description of the 
model 

Stage (1) The triggering of an FCI may be explained by the 
collapse of the vapour layer at the fuel-coolant interface 
Coolant may then contact the fuel surface, the heat transfer rate 
1$ increased at the point of contact and a vapour bubble grows, 
as required by stage (2) The initial collapse may be brought 
about im several ways, giving rise to more than one trigger 
mechanism For example, Board, Farmer and Poole? have 
proposed the sudden application of a pressure pulse or, with 
reference to the boiling curve (Fig 1), the onset of transition 
boiling as triggers. In the present experiments, ın which small 
quantities of molten metal are dropped into water, the trigger- 
ing 1s caused by cooling to a critical heat flux in the transitión 
boiling regime and provided that this 1s attained at a fuel 
temperature above its melting point, an interaction occurs 
Any parameter which affects the position of the boiling curve 
and hence the fuel surface temperature at which the critiga> 
heat flux 1s attamed could suppress the interaction completely 
if the fuel temperature at triggering 1s below the fuel melting 
point. The. degree of subcooling (that 1s, the difference 
between the saturation temperature of the coolant and the 
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Fig. 1 Typical boiling curve Q is the heat fiux and AT the 

temperature difference between the heating surface and the 

Saturation temperature The transition. boiling regime ıs 
between the vertical dashed lines 


bulk coolant temperature itself) 1s one such parameter and 
Brauer, Green and Mesler? have shown that there exists a 
threshold value for the latter above which no interaction 
occurs The ambient pressure should also affect the triggering, 
for Farber and Scorah!? have shown that increasing the am- 
bient pressure moves the boiling curve to the left, and conse- 
quently should provide a threshold ın pressure above which the 
triggering is suppressed. Of course, even above this threshold 
pressure, a pressure pulse could still trigger the interaction 
Evidence for the application of a pressure pulse collapsing the 
vapour film has been demonstrated by Board, Farmer and 
Poole?—a mechanical disturbance (in the form of a hammer 
blow) precipitated an interaction in coolant above thenormal 
threshold temperature 

Stage (2) The initial condition for the ith cycle 1s a spherical 
bubble, initial pressure P; and radius R,, which expands in the 
surrounding incompressible coolant of density p, and ambient 
pressure Po(P,> Po) We assume that the bubble expands 
without heat transfer until the maximum radius is reached, at 
which point all the vapour suddenly condenses due to the 
surrounding subcooled liquid The resulting cavity then 
collapses under the external pressure Py Clearly this is an 
idealized description of this stage—heat transfer does occur 
during the expansion phase, however, the simple assumptions 
made here result 1n an elementary calculation and because, at 
this stage, we seek only to postulate a possible mechanism the 
refined calculation 1s not necessary The maximum radius and 
time of expansion can be found using the Rayleigh equation 
When an initially spherical cavity collapses adjacent to a solid 
wall the collapse 1s asymmetric and a jet of liquid, directed 
towards the wall, ıs produced Plesset and Chapman?! have 
simulated this situation numerically and they find that the final 
Jet velocity scales as (AP/p,)* where AP(- Po ın this case) 1s 
the pressure difference causing the collapse The final jet 
dimensions scale as the initial (precollapse) cavity radius Thus 
the jet dimensions are determined by R,,, the precollapse radius, 
and consequently by R; and P, 

Stage (3) The jet of coolant (diameter dọ and length Lo) 
enters the fuel with velocity Vo (A solid crust may exist on 
the fuel surface but Buchanan‘? has shown that provided the 
bubble radius before collapse is greater than a certain minimum 
size, penetration will still occur In these calculations we shall 
always assume that penetration will occur) J P Christiansen 
and J A Reynolds (unpublished work carried out at the Cul- 
ham Laboratory) have done a numerical simulation of this 
situation using the computer code VORTEX‘? They show 
that the length of the jet (the calculation 1s two-dimensional) 
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increases exponentially with a time constant proportional to 
do/Vo  Batchelor!* has investigated the effect of homogeneous 
turbulence on material lines and surfaces and he also finds that 
the length of a line increases exponentially In addition, he 
has shown that the area of a material surface increases exponen- 
tially While the jet remains liquid its. volume 1s almost 
constant Consequently, because the area increases exponen- 
tially the average distance between material surfaces must 
decrease exponentially 

Stage (4) As the jet penetrates the fuel, heat transfer occurs 
and because the contact area increases exponentially the total 
heat transfer rate also increases exponentially Thus the tem- 
perature of the jet rises extremely rapidly Several approxi- 
mate methods exist for calculating the temperature of the jet 
Perhaps the easiest 1s to assume that the temperature and 
pressure are uniform within the jet, we have adopted a slight 
variation of this method in these calculations 

Stage (5) When the jet of coolant has been heated to its 
saturation temperature it vaporizes provided that nucleation 
sites are available (heterogeneous nucleation) If hetero- 
geneous nucleation does not occur then vaporization 1s by 
homogeneous nucleation at a much higher temperature We 
present results for both cases. The saturated vapour and 
liquid densities are p, and p, and the vapour pressure 1s P, 
As the density cannot change instantaneously from p; to p, we 
suppose that this expansion occurs adiabatically Thus the 
initial state after vaporization 1s a high pressure, high density 
vapour bubble To define completely the mitial state we need 
the dimensions of the bubble and if we assume that it is 
spherical with a radius R; then R; can be found in terms of the 
mass of the jet This high pressure bubble expands and also 
sends out a pressure wave and because it spends most of its time 
1n the expanded state we shall assume that the Rayleigh equa- 
tion 1s valid throughout the motion of the bubble Thus the 
vapour bubble 1s described by stage (2) 

We now list some of the consequences of the proposed 
model In these calculations water 1s the coolant and the fuel 
density 1s seven times that of water, this being a typical metal 
density Because of the cyclic nature of the mechanism a 
series of pressure pulses occurs and it will be shown in a future 
paper that the ratio of the peak pressures (measured at a point r 
from the interaction) of successive pulses 1s given by 


(Pir) — Po) _ { 667; heterogeneous nucleation 
(P,-1(r)— Po) 290, homogeneous nucleation 


where 1 ıs the cycle number. The maximum radius of the 
bubbles when they expand (stage (2)) 1s determined by Po, the 
external pressure, as well as by the initial pressure. We find 
that as Pg increases the strength of the interaction decreases 
Indeed, there exists a threshold value for the external pressure 
above which any initial perturbation 1s damped out This 
threshold pressure, Pin, 18 given by 


pi 67 5 bar, heterogeneous nucleation 
th" 13 0 bar, homogeneous nucleation 


It can also be shown that about 44% of the energy of the 
bubble 1s fed 1nto kinetic energy of the jet for the next cycle, 
thus the process 1s sustained with high efficiency 

Substantial experimental evidence for such a mechanism has 
been obtained both by ourselves and Board, Farmer and 
Poole? By taking high speed cine film of the interaction 1t may 
be seen directly that the interaction proceeds in a series of 
cycles In addition, examination of the débris remaining after 
an interaction indicates that explosions have occurred from 
within small lumps of fuel and also that the fuel has been 
penetrated by Jets of coolant. 

The trigger mechanism 1s also well supported by experiments 
1n which the existence of a threshold 1n coolant temperature 
has been established? For constant coolant temperature 
below the threshold, the dwell time, defined as the time between 
initial contact of the two liquids and the start of the interaction, 
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and also the violence of the interaction, have been measured as 
functions of the initial fuel temperature The initial shape of the 
dwell time curve, concave upwards, and indeed the very exis- 
tence of a dwell time, supports the boiling curve explanation 
and the proposal of a critical heat flux The violence of the 
interaction also increases with initial fuel temperature, as 
expected because more energy 1s available for the interaction 

Perhaps the most 1mportant results obtained are the existence 
of a threshold coolant temperature and the thresholds for 
external pressure which control both the efficiency of energy 
released per cycle and the trigger mechanism itself 

This work was done under a UKAEA Risley Intergroup 
Requisition The support of the Safety and Reliability Direc- 
torate, UKAEA, 1s also acknowledged We thank several 
colleagues for comments including Dr A R. Baker, DrJ A 
Reynolds and Dr K V Roberts Dr G M McCracken 
carried out Culham's initial experiments 
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BIOLOGICAL SCIENCES 


Induction of Hapten-specific B Cell 
Tolerance by Low Doses of Hapten- 
Carrier Conjugate 


THE discovery that two cell types, thymus derived (T) and 
bursa or bone-marrow derived (B) cells, are involved in 
antibody production to some antigens was of particular 1m- 
portance to the study of immunological tolerance, as it 
became clear that 1nactivation of either cell line could result 
ın unresponsiveness Several workers have found that the 
two cell lines differ ın the ease with which they may be 
made tolerant’, Their findings support the general proposi- 
tion that T cells are made tolerant more easily than B cells, 
in that they require a lower antigen dose and are made 
tolerant more rapidly. Thus tolerance induced by low 
antigen doses would only involve T cells, whereas higher 
doses could make both cell lines tolerant. As T cells recog- 
nize the “carrier” aspect of an antigen and B cells recog- 
nize and make antibody to the “haptenic” determinants, this 
concept explains the carrier-specificity of tolerance‘, and the 
breakage of natural and acquired tolerance by cross- 
réacting antigens bearing "new" carrier determinants®®, 
Nevertheless, there 1s some contradictory evidence to 
Suggest that B cells can be made tolerant by low doses of 
antigen and under similar conditions to T ¢elis’®. Support 
for this view 1s contained in this report, ın which hapten- 
specificity 1s used as the criterion of B cell tolerance. 
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IF YOU MAKE YOUR OWN DNA LIGASE, 
| CAN SAVE YOU A LOT OF TIME. 


| know you have enough to think about, 
without having to prepare your own 
molecular biochemicals. 

I'm Dr. Mary Ann Osuch for Miles 
Research Division. Because your time is 
better spent observing and recording re- 
sults, we at Miles have made some im- 
portant adjlitions to our line of molecular 
biologicg# products. 

To ous group of individual tRNA 
species and RPC-5, we've added two 
Leucine tRNA species, 1 and 4, Lysine 
tRNA and RPC-6. The components for 
protein synthesis studies, ribosomes, 
Poly U and viral ribonucleic acids, now 




















includes Elongation Factors G and T. 
We've also expanded our DNA repair 
reagents, DNA polymerase, ML DNA, T2 
DNA and ØX 174 DNA, to include DNA 
Ligase, Polynucleotide Kinase and 
Amino Acyl-tRNA Synthetase. 

You'll find these new products offer 
many advantages, such as level of purity 
and specificity as shown in the Chemical 
Credentials which we will send you on 
request. 
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you need help with a problem, send this 
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We speak English, French, Chinese, Hebrew and 
Swahili, but mostly we speak Immunochemicals, and 
that is the language we speak best. 

Does it seem strange that our goats graze the hills 
leading to Jeruselem and yet if we don't leave the rab- 
bit houses before 4:30 p.m., we get caught in the five 
o'clock rush back to the lab in Kankakee? Strange, 
perhaps, but our animals are certainly productive! 
Jointly, Miles-Yeda, Rehovot, Israel, and Miles Re- 
search Division, Kankakee, Illinois, produce over 150 
different antisera, immunodiffusion plates, immuno- 
chemical kits and immunoadsorbents. 


We find our international environment stimulating, 
too. Our involvement with the Weizmann Institute of 
Science (we are right on the campus) plus the tech- 
nological advances made at our Kankakee labs provide 
insight and background to produce the products you 
need. 

We invite your questions, comments or suggestions. 
Again, we don't care what the accent is—if you speak 
Immunochemicals, we will understand you. 
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MOUSE ANTI THETA SERUM 


. It is generally accepted that all cells with the theta 
; alloantigen are thymus-derived and the use of cytotoxic theta antisera 
to identify thymus-derived lymphocytes has been widely reported. The two specificities 
of theta antisera are avai ilable from Searle, anti theta-C3H and anti theta-AKR. 
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. DNA-DEPENDENT RNA POLYMERASE 


: This highly purified enzyme is invaluable for basic studies 
on RNA synthesis, and has recently been used for synthesising anti-mHNA 
strands, for analysing template properties of mammalian chromatin and for 
. transcribing the ‘sense’ strand of ribosomal DNA cistrons with high fidelity. 









RABBIT GLOBIN m RNA 


-Rapid developments in the purification of messenger RNA enable 
. usto offer a highly purified preparation of 9S globin messenger from 
- rabbit reticulocytes. This material will be suitable for studies on translation 
. in a variety of cell free systems. 


-o POLY (dT) CELLULOSE 


Recently, it has been shown that most messenger RNA's contain 
long regions of polyadenylate. These regions will bind the messenger 
molecules to poly(dT) cellulose, thus effectively isolating them 
from ribosomal RNA. 
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ADAM HILGER 
PRIZEWINNERS 


The contest for the Adam Hilger Prize of £500 was first announced early in 1971. 
Contestants were asked to write books on astrophysics or geophysics, astrochemistry 
or geochemistry, or analytical aspects of pollution. The prize was to be awarded 
for the book that was adjudged to add most significantly to the bookform literature 
of its subject. In the event, from among many entries of high standard, it proved 
impossible to choose fairly between two entries of particularly outstanding merit in 
totally different subjects. Adam Hilger Ltd concluded that the only just solution 
was to award two prizes, both of £500. The Prizewinners and their books, which 
will be published as soon as possible and most probably early in 1974, are as follows: 


o 


B. K. G. THENG, Ph.D. 


Adam Hilger Prizewinner 
Institut fur Bodenkunde, Bonn, Germany 


The Chemistry 
of Clay-Organic 
Reactions 


Dr Theng was born in Indonesia, 
where his early education was inter- 
rupted by the Japanese occupation. 
Hewas eventually awarded a Colombo 
Plan Scholarship, which took him to 
Adelaide University to study agricul- 
tural science. His great interest in 
clay-organic reactions originated 
when he worked in Melbourne with 
the late Dr G. F. Walker, with whom 
he often discussed the possibility of 
writing a book on the subject. The 
book, now a prizewinner, is the first 
to deal with a funtlamentally impor- 
tant subject that is generally far too 
little known. Soil scientists will look 
forward to its publication. (SBN 
85274 211 8; early 1974) 


TOM BEER, Ph.D. 


Adam Hilger Prizewinner 
University of Ghana, Legon, Ghana 


Atmospheric 
Waves 


Dr Beer graduated with First Class 
Honours at the University of Canter- 
bury and obtained his doctorate at the 
University of Western Ontario. , He 
isa Fellow of the Royal Meteorological 
Society, a member of the American 
Geographical Union, and Vice-Presi- 
dent of the Ghana National Com- 
mittee of the International Associa- 
tion of Meteorology and Atmospheric 
Physics. Overlapping the interests 
of planetary physicists and meteorol- 
ogists, his book is an exceptionally 
clear exposition of a subject with 
many theoretical difficulties. [tis the 
first book to present a comprehensive 
treatment of atmospheric waves, 
many of which are of little understood 
types. (SBN 85274 238 X; early 
1974) 


Adam Hilger Ltd owe thanks to the adjudicators of their contest: Professor L. H. 
Ahrens, Department of Geochemistry, University of Cape Town; Professor H. Kaiser, 
Institut für Spektrochemie und angewandte Spektroskopie, Dortmund, Germany; 
and Professor A. J. Meadows, Department of Astronomy, University of Leicester. 


ADAM HILGER LTD 


RANK PRECISION INDUSTRIES LTD 
79 KING STREET, LONDON WC2 
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SURFACE SGIENGE —— 


Editor S. G. Davison 







By separating matter into its three phases, surfaces play a leading role in 
nature As a result of this, surface science has evolved as an interdisciplinary 

subject, so that the phenomena associated with surfaces are of fundamental 
interest to a wide variety of sctentists. 

The main atm of the series is to provide survey papers at a level which can 


be read by graduate students and research workers entering the area for the first 
time 









Volume 1 Part 1 


The influence of chemisorption on the electrical conductivity 
of thin semiconductors—R A Goodwin and P Mark 
The quantum theory of adsorption on metal surfaces—K F Wojceichowski 






104 pages £2 25 flexi cover 





Volume 1 Part 2 


Surface phenomena associated with the semiconductor 
electrolyte interface—S Roy Morrison 


A bibliography of law energy electron diffraction and auger electron spectroscopy 
—T W Hass, G J Dooley lll, J T Grant, A G Jackson and M P Hooker 


104 pages £3 00 flexi cover 














Volume 1 Part 3 


Surface ionization and its applications—N | lonov 


120 pages £3 00 flexi cover 











Volume 1 Part 4 


Short-term interactions between cell surfaces—L Weiss and J P Harlos 


58 pages £2 00 flexi cover 


Volume 1 


Collates the four parts detailed above into a compact reference book, 
with Author and Subject indexes 


420 pages : £12 00 hard cover 
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Using dinitrophenyl (DNP) as a hapten and rabbit y 
globulin (RGG) as carrier, it has been found that hapten- 
specific tolerance could be induced ın mice by a single low 
dose (30 ug) of a conjugate carrying 5 to 6 DNP groups per 
RGG molecule, which has been centrifuged to remove par- 
ticulate material A similar conjugate bearing 1 DNP per 
RGG molecule produced only carrier-specific tolerance at 
low doses, and a much larger amount (500 ug) had to be 
injected to produce hapten-specific tolerance Thus, B cell 
tolerance 1s shown to be governed by either the degree of 
conjugation or the dose of the hapten-carrier complex One 
implication is that, provided multiple binding of antigen to 
B cell can occur, B cells may be made tolerant by low antigen 
doses 

Hapten-protein conjugates were prepared by reaction of 
dinitrobenzenesulphonic acid (Eastman) with either rabbit 
y globulin (RGG) Cohn fraction 11 or rabbit serum albumin 
(RSA) (both obtained from Koch Light) after the method of 
Eisen? The conjugates were characterized as DNP, ,-RGG, 
DNP, RGG, and DNP,-RSA The method used to induce 
tolerance was to centrifuge DNP, ,-RGG and DNP,,-RGG at 
30,000g for 60 min to remove particulate material”, and then 
to inject different amounts of the particle-free conjugates as a 
single intraperitoneal injection into Balb/c mice Control 
groups received saline in place of tolerogen Ten days later 
the mice were challenged with 30 ug of either the same DNP- 
RGG conjugate used to induce tolerance, or of DNP,-RSA 
All challenge injections were given in Freund’s complete 
adjuvant (FCA) intraperitoneally. Fourteen days later the 
mice were bled and their sera titrated for anti-DNP and anti- 
RGG activity, by measuring the extent of inactivation of 
phage T4 to either (DNP-T4) or RGG (RGG-T4). The 
“modified T4 phage" were prepared according to the methods 
of Carter et al! and Haimovich and Sela? The titres given 
in Table 1 are the dilutions of serum which produced 50% 
inactivation of modified phage in 2 h, expressed as geometric 
means (+s.d.) of ten sera per group 

The results of this experiment are shown ın Table 1 Both 
DNP,,.RGG and DNP,,-RGG were shown to be good 
immunogens when administered ın FCA, giving rise to good 
14 d primary antibody responses to both hapten and 


Table 1 Anti-DNP and Anti-RGG Titres in Sera of Balb/c Mice 14 d 
after Challenge with DNP-RGG or DNP-RSA Conjugates in FCA 


Men antibody titres 
+s.d 


Tolerogen Dose Challenge (+s. 
(ug) Antigen Antı-DNP Ant-RGG 
— DNPo -RGG 1 4,320 1 7,500 
(+104) (+88) 
DNP; -RGG 1 4,550 8,660 
(+ 66) (+ 110) 
DNP,-RSA 1 5,200 
(+84) 
DNPo s-RGG 30 DNP» -RGG 1 280 1.164 
(+24) (+ 18) 
DNP,-RSA 1 4,800 
(+160 
500 DNPo -RGG 1.64 1:128 
(+18) (+22) 
DNP,;-RSA 1 380 
(+41) 
DNP,;—-RGG 30 DNP; -RGG 1.90 1 110 
(+10) (+12) 
DNP,-RSA 1° 116 
(+40) 
500 DNP; -RGG 1 48 1: 140 bd 
(+8) (+21) 
DNP,-RSA J 32 
(+8) 


Anti-DNP and anti-RGG titres were measured by inactivation of® ` 


DNP-T4 phage or RGG-T4 phage (geometric means of 10+s d ) 
Mice were made tolerant by pretreatment with particle-free DNP- 
RGG conjugates in different doses, given 1n saline 10 d before 
challenge 
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carrier Pretreatment with 30 ug centrifuged DNP,,RGG 
led to almost complete tolerance to both DNP and RGG 
when challenge was given with the homologous conjugate 
DNP, ,-RGG in adjuvant but this tolerance was not hapten 
specific, as challenge with DNP,-RSA led to a normal anti- 
DNP response In contrast, when a higher dose of DNP, s- 
RGG was used to induce tolerance (500 ug), the mice did 
not produce anti-DNP to either DNP, ,-RGG or DNP,-RSA 
in FCA 

I therefore conclude that this very lightly coupled conyu- 
gate led only to carrier-specific tolerance at low doses, but 
gave both hapten and carrier tolerance at high doses 34 dif- 
ferent situation was seen when DNP, ,-RGG was used & the 
tolerogen Both the low dose (30 ug) and the high dose (500 
ug) led to complete unresponsiveness which could be shown 
1n both cases to be hapten-specific by challenge with DNP,- 
RSA Thus, it 1s clear that tolerance to a hapten can be 
achieved by low doses of conjugate, providing a suitable 
coupling ratio of hapten/carrier 1s used 

As an interpretation of these results, ıt may be suggested 
that B cells can be made tolerant by doses of antigen no 
higher than those required to make T cells tolerant, provided 
a sufficiently strong binding of antigen to the B cell can 
ensue In this case, the difference between DNP, -RGG and 
DNP,,-RGG as tolerogens 1s that each molecule of the 
former can only bind by a single bond, on average, to B 
cells, whereas the latter could be bound by up to six bonds 
per molecule, subject perhaps to limitation by steric factors 
This would result in vastly stronger binding of the more 
heavily coupled conjugate to B cells Karush? has shown, 
for example, that the association constant for double binding 
of bivalent antibody to a hapten conjugate ıs of the order of 
10,000 times higher than that for binding of hapten at a 
single combining site It ıs very likely that this factor of 
multiple binding ıs decisive 1n leading to the low threshold for 
B cell tolerance with DNP; -RGG It is highly significant, 
in this respect, that two other examples in which B cell toler- 
ance has apparently been readily obtained, relate to the 
determinants of the Fab portion of the y globulin molecule, 
which could obviously bind simultaneously at two sites per 
antigen to B cells”? Also of importance ıs the use of hetero- 
logous y globulin as carrier for hapten in the induction of 
tolerance RGG was chosen because it is an excellent 
tolerogen in itself, especially when prepared in particle-free 
form by high speed centrifugation The use of a highly 
tolerogenic carrier doubtless helped to avoid immunization 
effects which could otherwise have masked low zone B cell 
tolerance, and 1s analogous to the use by other workers of 
non-immunogenic polypeptides or autologous proteins! as 
carriers in achieving hapten tolerance 

I thank Mrs Rosalie Campbell for technical assistance 


"This work was supported by a grant from the MRC 


M J TaussiG 
Immunology Division, 
Department of Pathology 
Tennis Court Road, Cambridge 
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Quantitative Correlation between the 
Proton-carrying and Respiratory- 
stimulating Properties of Uncoupling 
Agénts using Rat Liver 
Mitochondria 


Tue observation that dinitrophenol stimulates respiration and 
decreases work performance! by uncoupling oxidative phos- 
phorylation? has stimulated great interest in the mechanism 
of action of uncoupling agents. The “chemical theory" of 
oxidative phosphorylation proposes that uncouplers catalyse 
the hydrolysis of a high energy intermediate of oxidative 
phosphorylation (x~e)***, although the existence of such an 
intermediate remains speculative. Alternatively, Mitchell's 
*chemiosmotic hypothesis” proposes that uncoupling agents 
facilitate proton translocation across the mitochondrial inner 
membrane; thus disrupting a pH gradient and membrane 
potential, which he has proposed to be the “proton motive 
force" supporting ATP synthesis. The demonstration that 
uncouplers accelerate the decay of pH gradients following the 
addition of HCl to mitochondrial suspensions, provided initial 
support for thus mechanism of action$. Subsequent reports 
have demonstrated a close relationship between alteration of 
proton conductivity of artificial bilayer membranes and 
uncoupler potency^?, although this conclusion has been 
disputed?:'?. Nevertheless, effects on artificial membranes 
may not be expected to correlate absolutely with an action on 
mitochondria. For this reason, we have compared the proton- 
transporting and respiratory-releasing properties of uncoupling 
agents, using intact mitochondria. 

Isolated liver mitochondria were prepared from 150 to 
250 g male Sprague-Dawley rats!!. All mitochondria had a 
respiratory control ratio’? greater than 4.0 in a medium 
containing: 0.25 M sucrose, 15 mM KCI, 5 mM P,, 5 mM 
MgCl,, 1 mM EDTA, 10 mM triethanolamine Cl, pH 7.4, with 
3.6 mM B-OH butyrate as substrate. Respiration was measured 
polarographically with a vibrating platinum electrode (Gilson 
Medical Electronics). Swelling was assayed by measuring 
changes in optical density at 520 nm with a Guilford 240 
recording spectrophotometer. 

The experimental basis for our approach of quantifying 


mitochondrial proton permeation'+-'* is illustrated in Fig. 1 , 


which depicts passive mitochondrial swelling in various isotonic 
solutions. A mechanistic explanation for these results is 
presented in the accompanying diagrams Rapid mitochon- 
drial swelling occurs in sodium, or ammonium (not shown) 
acetate. This is because sodium and ammonium enter the 
mitochondria by processes which diminish intramitochondrial 
H* (refs 13, 15, 16), while acetate transport results in proton 
entry. Charge and pH equilibrium are thus maintained during 
net sodium or ammonium acetate uptake In the other case, 
where isotonic sodium or ammonium chloride are used, little 
swelling is noted. This is because chloride, the anion of a 
strong acid, must cross the mitochondrial membrane electro- 
genically as Cl-. This creates an imbalance of charge and 
H* concentration, which prevents net salt penetration. The 
addition of dinitrophenol (DNP) induces rapid swelling in 
sodium or ammonium chloride, seen as the dotted lines. This 
does not appear to be a non-specific effect of DNP on mito- 
chondrial permeability, since stimulation of swelling 1n isotonic 
sodium or ammonium acetate, potassium chloride, or sucrose 
are not similarly noted. We therefore conclude that in 
these conditions uncoupler-induced passive mitochondrial 


1 ' 
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Time (min) 
Fig. 1 Effects of DNP on passive swelling of rat liver mitochon- 


dria ın various isotonic solutions The final concentration of 
sodium or ammonium salts was 0.15 M. In all studies rotenone, 
10-5 M; antimycin, 0 05 yg, and triethanolamine Cl, 10 mM, 
pH 71A, were present in a total volume of 2.5 ml The tempera- 
ture was 30? C. Changes m absorbance at 520 nm are recorded. 


swelling is a valid, albeit indirect measurement of net proton 
transport. 

The ability of uncoupling agents to facilitate passive swelling 
in NaCl was correlated with their respiration-stimulating 
properties over a wide range of uncoupler concentration. 
Measurements of swelling and respiration were simultaneously 
but separately performed in similar incubation conditions, 
except that appropriate respiratory inhibitors were present in 
the swelling studies. The data obtained with salicylanilide 13 
(S-13) are shown in Fig. 2. No effect of S-13 on passive 
swelling in NaCl was noted, until the concentration reached 
5x10? M. This was the same point at which respiratory 
stimulation in the sucrose medium was first noted. Ten other 
uncoupling agents were studied in identical fashion (Fig. 3). 
The minimal concentration of uncoupler needed to facilitate 
passive swelling in NaCl is plotted against the minimal concen- 
tration which stimulated respiration in NaCl or sucrose. An 
excellent correlation between these parameters ıs seen In 
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Fig. 2 Effects of salicylanilide 13 on passive swelling and res- 
piration Swelling studies ([1) were performed in 0.15 M NaCl 


* e 1n conditions identical to those described for Fig 1, except that 


36 mM f-OH butyrate was also present.» Respiration was 

measured under identical conditions except that respiratory 

chain inhibitors were not added 0.15 M NaCl (O) or 025 M 

sucrose (@) were used with 10 mM TeaCl, pH 7 4, and 3.6 mM 
B-OH butyrate as substrate 
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Minimal [uncoupler] (M) which stimulates respiration 


10-5 10-3 


107 
Minimal [uncoupler] (M) which stimulates swelling 


10-!! — 199 


Fig. 3 Correlation between swelling and respiratory stimula- 
tion of various uncoupling agents. This graph summarizes a 
series of studies, with different uncoupling agents, in conditions 
identical to those described for Fig. 2. DNP, dinitrophenol; 
BIZ, SH-benzothiazole; S.A., thiosalicylic acid; FCCP, car- 
bonylcyanide-p-trifluoromethoxyphenyl hydrazone; CICCP, 
carbonylcyanide-m-chloropheny|  hydrazone; 1799, 2,2'bis 
(bexafluoroacetonyl) acetone; Dicum, dicumarol; 6847, SF 
6847; TTMB, 2-trifluormethyl-tetrachloro benzimidazole; S13, 
salicylamide 13. 


addition, those points not directly on the line fall somewhat to 
the left, indicating an effect on swelling at concentrations below 
that which stimulates respiration. Previous studies have 
indicated that the uncouplers SH-benzothiazole and thio- 
salicylic acid show poor correlation between effects on mito- 
chondria and on artificial membranes?. This disparity is not 
apparent in our experiments. 

It should be emphasized that the uncoupler-induced stimula- 
tion of passive swelling cannot be attributed to disruption of 
oxidative phosphorylation, since this process has been blocked 
by the presence of rotenone. The uncoupling therefore seems 
to be directly related to an alteration of membrane proton 
permeability. The extremely close correlation between the 
actions of uncouplers on the passive permeability properties 
of non-respiring non-phosphorylating mitochondria, and on 
respiratory stimulation strongly discounts direct catalysis of a 
high energy intermediate'’. 

These results do not rule out the possibility of a “proton 
pump” supported by x~e'®, nor do they Support the funda- 
mental propositions of Mitchell's chemiosmotic hypothesis. 
Nevertheless, the demonstration of a close quantitative 
correlation between the proton-transporting and respiratory- 
stimulating properties of uncoupling agents strongly supports 
Mitchell’s original proposal that these agents uncouple oxida- 
tive phosphorylation by promoting electrogenic hydrogen ion 
transport across the mitochondrial inner membrane. 

We thank Dr Henry A. Lardy for encouragement and advice. 
P. G. Heytler, E. I. DuPont DeNemours and Co., provided 
1799, FCCP. Philip Hamm, Monsanto, provided S-13, 
SF 6847. 
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Madison, Wisconsin 53705 
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Proton Magnetic Resonance and 
the Composition of Proteins 


Here we report experiments indicating that high resolution, 
high frequency proton magnetic resonance (PMR) could be 
used for determination of the amino acid combination of 
proteins. 

PMR međsurements on high molecular weight substances 
present serjous difficulties because of the substantial width 
of the individual lines, broadened due to high correlation 
times of the slowly tumbling molecules, It is impossible to 
identify more than a small fraction of the protons present 
even in the low molecular weight (<20,000) proteins. But 
the chemical shifts of the protons of the twenty principal 
amino acids exhibit a fairly wide range of values of about 
900 Hz at an operating frequency of 100 MHz (ref. 2). 

We have attempted to observe PMR of acid hydrolysed 
protein to check whether such a spectrum resembles those 
obtained by mixtures of individual amino acids from the 
shelf. Fig. 1 shows such PMR spectra taken with a Varian 
XL-100 spectrometer at 100 MHz, and show that: the two 
spectra are almost identical; the individual lines have a 
line width of 1 to 2 Hz, as expected from individual amino 
acids ; and the separation of the well defined lines is sufficient 
to identify their origin and to be able to estimate quantita- 
tively their concentrations. 

The protein, horse cytochrome c (purchased from Miles- 
Seravac Ltd) was hydrolysed for 24 h at 105? C in 6 N HCl, 
at a proportion of I ml HCI to 1 mg protein, used as pur- 
chased. After hydrolysis the sample was dried in a rotatory 
evaporator and redissolved in D,O at a concentration of 
50 mg of protein per ml, and at pD 2. 

Sweeps of 500 s were used to obtain the spectra (Figs 1, 2), 
one for the region from 0 to 5 p.p.m. and one covering the 
region between 5 and 10 p.p.m., from the TSP internal 
standard. All the lines were identified through comparisons 
with spectra of individual amino acids. 

Figure 2 represents the cytochrome sample of Fig. la, b 
after addition of histidine corresponding to 6 histidine resi- 
dues per molecule. The relative amplitude of the signal is 
increased. 

In Table 1 we give the known composition of horse cyto- 
chrome c, and a number which identifies the amino acids 
with the lines of spectra (Figs 1 and 2). The amplitude of the 
signal per residue, as observed in our experiment, shows 
(Table 1) that small changes in amino acid composition 
could be easily detected. We believe that the PMR method 
could be usefully applied to screen Jarge numbers of samples 
in search of mutants. * The method has the virtue of being 
much faster than chromatographic methods, and the prepara- 
tion of the samples is identical in both methods It is 
unsuitable where availability of the protein is limited, because 
samples must contain —10—0 mg of protein (at 100 MHz). 
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Fig 1 a and b, 100 MHz PMR of cytochrome c (horse) 
50 mg ml-!, hydrolysed, pD 2, T=35° C Each sweep 500 s 
c and d, 100 MHz PMR of mixture of individual amino acids, 
hydrolysed, total concentration 50 mg ml-!, pD 2, T=35° C 
Each sweep 500 s 








But this 1s not an important problem for many applications, 
such as, for example, large scale population screening of 
easily obtainable proteins (such as haemoglobin) 


Table 1 Assignments of Acids which Produce the Lines in Figs 1 and 2 





mm per residue 


Amino acid Abundance Identification (approximate) 
Thr 10 1 18 
His 3 2 8 
Arg 2 3 30 
Pro 4 4 7 
Lys 19 5 5 
Phe 4 6 13 
Gly 12 7 19 
Ie+ Leu 12 8 15 
Val 3 10 7 
Met 2 11 30 
Ala 6 12 21 
Glu-4 Gin 12 15 23 
Asp+ Asn 8 16 7 
Tyr 4 17 6 
Cys 2 — — 
Trp 1 — — 
Ser — — -— 

Total 104 





Assignment of Arg, Pro, Lys is tentative 


Cys and Trp destroyed 
during hysrolysis 
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Fig.2 aand b, 100 MHz PMR of cytochrome c (horse) of Fig 1, 
after addition of equivalent of six histidine residues per molecule 
Conditions as in Fig 1 


The absolute numbers of residues could be obtained by 
comparing the amplitudes of the lines with a standard 
Comparison of areas (integrations) are not very reliable 
because of the large number of lines We have, however, 
not noticed any variations in line widths as long as the 
conditions of the experiments (pD, temperature) are identical 
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Proton Radiographic Detection 
of Strokes 


Some penetratıng radiations other than X rays can be used 
for the visualization of bodily structures We are investiga- 
ting the clinical potential of protein radiography, by which 
it is posible to obtain radiographs of unusually high contrast! 
Having visualized tumours within human specimens, includ- 
ing brain autopsy material’, and carcinomas within breast 
tissue (manuscript in preparation), we now report the 
visualization of cerebral vascular lesions 1n specimens fixed 
in formalin 

Our method, described earlier’, involves the external beam 
of 160 MeV protons from the Harvard Cyclotron The 
beam, which 1s initially 0 5 cm in diameter, ıs made to strike 
a scatterer of lead or copper Although this degrades the 
beam energy to about 137 MeV, at a distance of 3 m down- 
stream it produces a large beam, uniform to a radius of 10 cm 
from the beam centre-line This ıs used to illuminate the 
specimen To show primarily tissue density variations, the 
effects of shape irregularities are minimized by immersing 
the specimen in water or other tissue-equivalent medium 
contained within a plastic box with parallel faces Photo- 
graphic film held against the exit face of this box 1s exposed 
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Fig. 1 


: Intracerebral haemorrhage. 
brain. 


Note slight discolouration and swelling o 
contains the lesion. 
thickness of specimen. 
cerebral blood clot. 





a, deg of superior view of 
left hemisphere which 

b, Proton radiograph (positive) taken through vertical 
Note dense area on left corresponding to intra- 
c, Proton radiograph (positive) of brain viewed 


transversely with specimen immersed in calcium chloride solution the 
density of which approximates that of the brain. (Specific gravity 1.038). 


to the emerging protons in the region of most rapid attenua- 
tion. 

The eleven human brain autopsy specimens investigated 
included a case with a subdural haematoma, and one with a 
basilar artery aneurysm. Also included were six whole 
brains, of which three contained intracerebral haemorrhages, 
and three cerebral infarctions, Figure 1 demonstrates the 
typical findings on a whole brain specimen with an intra- 
cerebral blood clot. For comparison, Fig. 2 shows the 
visualization of a hemispheric infarction due to recent occlu- 
sion of the right middle cerebral artery. 

Intracerebral blood clots were more opaque to protons than 
the surrounding brain tissue (Fig. 1), while regions of cerebral 
infarction were less dense than normal cerebral tissue (Fig. 
2). 

Optimal X radiographs were taken of these specimens, both 
in the immersion medium and in air, using a Machlett OEG 


Fig.2 Cerebral infarction. 


a, Photograph of inferior view of 
brain with massive infarction of left hemisphere (on right in 
picture) due to recent thrombotic occlusion of the left middle 


cerebral artery. b, Proton radiograph (positive) of brain. Note 

less dense lel hemisphere lying inferiorly. c, Photograph of 

coronal sections' through frontal lobes of brain with infarcted 
hemisphere on right. 





d, Photograph of side view of brain showing blood clot. 


X ray tube with half-wave rectification. In addition, some 
specimens were X rayed at 2 MeV using a Van de Graaff 
electrostatic accelerator. The results of these X radiographic 
investigations corroborate our previous observation that 
under identical specimen-taking conditions the proton tech- 
nique offers better visualization of tissue structures and of 
pathological changes within them*. As no steps were taken 
to reduce thg radiation dose to the specimens, a first surface 
dose of 125 rad was used for each exposure. 

As far as we know, this is the first time that proton radio- 
graphy has been used to demonstrate cerebral vascular 
lesions within human brain tissue. The only similar work on 
human tissues has been ours (ref. 2 and manuscript in pre- 
paration) including the measurement of the stopping power 
of protons in human skullbones. Work on other animal 
tissues has included the production of proton images of a 
living rat‘, and the use of multiple Coulomb scattering to 
demonstrate the internal structures of a mouse* Contrast 
within thin tissue sections has also been demonstrated by 
microradiography employing alpha particles from *"Po (ref. 
6). 

Work is in progress to develop proton radiographic tech- 
niques for the diagnosis of pathological states in the living 
human. Dose reduction has been achieved by the use of 
intensifying screens or a scintillator viewed by television’. 
As Fig. 3 shows, however, useful contrast is obtained over a 
limited range of total thickness, therefore immersion in a 
suitable fluid is required to neutralize surface irregularities. 
Where immersion is not feasible a proton beam image- pro- 


137 MeV protons 
P ad : 


DE 
190 kvp X rays 


Percentage of flux transmitted 


0 5 10 15 
Waterabsorber thickness (g cm?) 


Fig. 3 Flux-depth curves fer protons and X rays passing 

through a homogeneous medium. Note the difference in avail- 

able contrast between the twa rays for the detection of mass 
differences. 
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Effect of Auititumour Polysaccharides 
on the Higher Structure of Serum 


Protein 

polysaccharides obtained from different origins have 
recently been found to inhibit the growth of transplantable 
solid tumours in micet, 
Recently we have studied the structure and the antitumour 
activity of lentinan, pachymaran and carboxymethylpachy- 


maran'- and we consider that certain substances inherent in l 


their character (humoeal « or oe may be important fors 


studying the host defence mechanism against transplant- a 


able tumours. 

We investigated the interaction of the antitamour poly- 
saccharides with serum protein and found that the activity of 
the polysaccharides relates to the change of the higher structure 
of serum protein by the polysaccharides. 

The pol was dissolved or suspended in 1/15 M 
phosphate buffer solution (pH 5.3), to a concentration of 107* M 
except for lentinan, and was then sterilized at 120? C for 20 
min. All the polysaccharides then became completely soluble in 
the buffer solution. Crystallized bovine serum albumin (Miles 
Laboratories, Inc.) was dissolved in the same buffer (1 weight/ 
volume %). Equal volumes of bovine serum albumin and the 
polysaccharide solution (4 ml) were mixed at room temperature 
for 20 min on a shaker. Then the optical rotatory dispersion 
was measured and the values a, and $., the latter of which 
corresponds to the content of a-helix structure in serum 
albumin'*, were calculated according to the Moffitt-Yang 
equation. The results obtained are shown in Table 1, which 
also shows the suppressing effect against sarcoma 180 (S180) 
in mice and the structure of the polysaccharides. : 

The larger the value of |5,], the greater the antitumour effect 
of the polysaccharides; all the polysaccharides which have a 
larger |5,| than that of the control experiment show antitumour 
action. None of the polysaccharides which have a smaller 
]6.| than that of the control experiment, however, had any 
suppressing effect against (S180). 

There might well be a close relationship between antitumour 
activity and |5,|, that is the content of a helix in the protein. 
We consider that most of the antitumour polysaccharides may 
affect the protein moiety (humoral or cellular) in the host at 
the first stage of the activity, which is followed by many 
biological-immunological changes. 

The biological significance of the dinis of a-helix content 
of serum protein, is being studied. The allosteric effect of these 
polysaccharides on serum. protein suggests relating the anti- 











phosphate bur 9H). For lentinan, 






measured after mixing of 5x 10 M 
the concentration was 4 x 10M. 


Table 1 interaction of Polysaccharides with Bovine Serum Albumin 
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Antitumour activity against 
—be S180 in mice Structure 
Inhibition ratio Dose 
C2 (mg kg~*) x 10 
278 100 1 B1 —3)Glucan 
278 100 5 BXG3)Glucan 
270 99.3 5 f1—3)Glucan 
270 93.6 5 BCI -4X1—6)Glucan 
270 904 2.5 BO-—3X1—6)Glucan 
258 91.3 100 BU -6)Glucan 
258 © 100 35 BI-»3)Glucan 
256 oo == E 
256 Not effective a(1—4)Glucan 
248 15 25 B1 -3)Glucan 
244 4.5 10 B(1-—4)Glucan 
244 12.3 25 RG->3)Glucan 
240 —10.0 10 a(i~»4)Glucan 
234 X Not effective : Mucopolysaccharide 
224 34.8 25 B(i->3))Glucan 
s 216 Not effective a(1-»6)Glücan 
192 * Not effective 


Fructan 








polysaccharide and 0.5% bovine serum albumin solution in 1/15 M 
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tumour activity and inflammation, because protein denatura- 
tion is said to induce a certain type of inflammation". Recent 
work shows that these antitumour polysaccharides inactivate 
the third component of complement and might have a certain 
relation to the results reported here!*. Also the close relation- 
ship between activity and the a-helix content of serum protein 
may help to differentiate the active and inactive polysaccharides. 

We thank Drs Waro Nakahara and Fumiko Fukuoka for 
interest and encouragement. The polysaccharide preparation 
GE3 was supplied by Professor Shoji Shibata of the University 
of Tokyo. 
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Defects in Tactile Directional 
Sensitivity after Forebrain 
Commissurotomy in Man 


SURGICAL transection of the cerebral commissures causes 
certain “deconnexion” or “split brain" symptoms in man’ 
which manifest themselves as unilateral agnosias?-*, aphasia®? 
or dyspraxia® depending on the method of examination. A 
major reason for the symptoms is that many types of behaviour 
depend on a nervous afferent input available from only half 
of the peripheral field to each hemisphere and the field halves 
fail to unite in the absence of the cerebral commissures*- 5. 
Another reason is the “lateralization” of the cerebral hemi- 
spheres with regard to language®-’-°, the perception of spatial 
telations!°—!* and visual form". . 

The *deconnexion" symptoms are most evident in tests 
involving activation of different types of peripheral receptors 
in a complex spatial and temporal order, for example visual 
or tactual recognition of objects, but can sometimes be ob- 
served also in tests using simple stimuli; for example inability 
to verbalize a plain colour presented in the left visual half-field’. 
All tests involving simple stimuli, however, do not produce such 
symptoms; changes in skin temperature or the presence of touch 
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Fig.1 Tactile directional sensitivity on the right (——) and left 
(——) cheeks of a 35-yr-old woman 5 yr after transection of the 
cerebral commissures. a, The subject's ability, in % correct 
responses, to indicate the direction of a stimulus moving con- 
tinuously over the distance marked on the abscissa; 5, the ability 
to indicate the directional relation between two discrete touch 
stimuli made sequentially at points separated by the distance 
marked on the abscissa. Each point represents 10 to 40 trials. 
O, Tests involving a verbal readout; V, tests involving a non- 
verbal readout. 


stimuli are recognized verbally by the commissurotomized 
patients from either body half?-?*. The lack of symptoms in 
these instances is attributed to projection to each hemisphere 
of sufficient information by means of ipsilateral afferent path- 
ways. It has also been suggested, on the basis of indirect 
physiological evidence, that for this reason "deconnexion" 
symptoms should not be expected at all in the face region with 
simple tactile stimuli. 

Four right-handed patients, with the corpus callosum and the 
anterior and hippocampal commissures transected as a treat- 
ment for intractable epileptic seizures!ó, were examined for 
their ability to recognize and discriminate simple tactile stimuli 
(C. C.,a17yrold schoolboy who was operated on at the age of 13; 
N.G.,35yrold housewife operated on at 30; R.M., 29 yrold male 
operated on at 27;R. Y., 45 yr old male operated on at 43; forcase 
histories see ref. 17). The previously reported lack of “decon- 
nexion” symptoms for simple tactile stimuli was confirmed. 
The patients were thus able to report verbally the detailed loca- 
tion of a point touched on either half of the face, and usually 
also on the rest of the body, except for the distal parts of the 
limbs on the left side. They were unable to tell the direction of 
motion of a dowel drawn across the left palm, as has been 
reported previously’, but when the test was extended to other 
parts of the body they were found to be functionally “split” 
down the midline contrary to expectations. 

The test was performed in such a way that the rear, wooden 
part of a small camel-hair brush was drawn lightly across the- 
skin surface in one of three directions. The patients who were 
blindfolded had been. instructed to say “up” or “upwards” 
for a caudo-cranial movement on the head, neck or body, or a 
disto-proximal movement on the limbs. The expressions 
“down” or “downwards” were used for movements in the 
opposite direction and “sideways” or “across” for movements 
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at right angles to these The distances covered by the stimuli 
were always equal in all directions, for each peripheral field 
No attempt was made at the beginning to define the absolute 
distances covered by the stimuli, which thus were longer on 
wide surfaces like the back than on narrow surfaces like the 
ventral side of the forearm 

All four patients were found consistently to make errors 
when reporting in which direction the stimulus had moved on 
the left side of the body The reports were erroneous for the left 
cheek and neck, as well as, for example, the left palm or tibia 
When the stimuli were applied on the right side the three older 
patients, R Y,N G and R M,made no errors C C made 
errors on the right side, but fewer than on the left The patients 
were instructed to describe the direction of motion by non verbal 
means in control tests, the best way being by mimicing the 
stimulation with the index finger of the hand on the stimulated 
side No defect was observed in these circumstances, and there 
was no difference between the body halves The defect which 
appeared with a verbal readout was therefore not caused by a 
primary sensory disorder, but was presumably due to the 
unilateral aphasia caused by the commissurotomy per se 

Figure 1a illustrates the defect as ıt appeared in N G when 
stimuli of defined distances were used (two experimental 
sessions, 3 d interval) The stimuli were applied to the right or 
left cheeks and the distance was determined by drawing the 
dowel between the dots of a 5 mm square pattern marked on 
the skin The figure shows clearly that the patent was able 
to give an accurate verbal report of the direction of a motion 
covering 5 mm or more on the right cheek (Fig 1a) but not for 
the left cheek The patient's accuracy seemed to improve with 
regard to the left cheek at distances above 40 mm When a non 
verbal readout was used, the patient's responses were equally 
correct for both cheeks 

Figure 1b illustrates a second test, which was run in parallel 
All criteria, parameters and conventions were the same as 
above except for the stimulus, of which the patient was required 
to give the direction, consisting of two discrete light touches 
with the camel-hair brush applied sequentially at points separa- 
ted by the distances shown on the figure A distance of 20 mm 
or more was necessary for the patient to do this accurately and 
she was equally precise on either cheek when tested with a non 
verbal readout The greater distance compared with that neces- 
sary to tell the direction of continuous motion 1s comparable 
with the findings 1n normal persons In verbal reports regarding 
the directional relation of the second stimulus to the first, 
the patient was more accurate on the right cheek than on the 
left for shorter distances 

The two different tests were often run together such that the 
patient was given five trials of continuous motion first and then 
five trials of sequential stimuli It was noted that the patient 
made verbal comments when these switches were made on the 
right cheek whereas the change from one type of test to the 
other always passed unnoticed on the left cheek The patient's 
accuracy ın reporting verbally the relation of the second 
stimulus to the first 1mproved on the left cheek at distances of 
40 mm or more, which is the same range where the patient's 
accuracy 1n reporting continuous motion seems to improve 
It 15 thus possible that the verbal report of the stimuli on the left 
side depended on the same afferent system in both tests, 
that 15, a system to which motion has no special informative 
value 

That commissurotomized patients show a “split” for tactile 
directional sensitivity should be considered in connexion with 
the recently demonstrated, directionally sensitive, neural units 
of the cerebral somatosensory cortex??? These units have 
not been found 1n the cortical layers which receive the primary 
input from the thalamus!? and could thus represent a truly 
cerebral event, presumably a prerequisite for the appearance 
of a "split" following commissurotomy It may also be noted 
that whereas continuous bilateral peripheral fields are found 
for non directionally, sensitive units in the face area those 
displaying directional sensitivity appear to stop at the midline!® 
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Colour Opponent Neurones in the 
Human Visual System 


Ir two gratings with the same sinusoidal luminance profile, one 
vertically orientated and one horizontally orientated, are imaged 
by means of two projectors on a white screen, the appearance 
continuously changes First one grating 1s seen clearly, then the 
other, in other wosds, the gratings are seen to alternate or rival 
There are periods when both gratings are seen together, but 
there are never periods when both disappear? 

For alternation to be observed the two gratings need to have 
a difference ın orientation of at least 15° (ref 1) This orientation 
selectivity 1s comparable to that found in single neurone studies 
ın the cortex of cat? and monkey* and psychophysical 
studies*:* 

As well as being selective for orientation, neurones are also 
selective for colour^? The colour coding 1n some of the geni- 
culate cells seems to take the form of a green excitatory centre 
and a red inhibitory surround or vice versa, another type has a 
blue excitatory centre with yellow inhibitory surround or vice 
versa? Campbell and Howell! observed that the monocular 
rivalry was seen more dramatically if the gratings were of 
different colours, rather than black and white or the same 
colour Could the increased rivalry for gratings of different 
colours be due to the involvement of colour opponent neurones 

ein addition. to the orientation selective property of these 
neurones? If this 1s so, one would predict that combinations 


e of green and red or blue and yellow gratings would give higher 


alternation rates than any other combination 

n Different combinations of the following centroid wave- 
lengths were used to colour the gratings, green 527 nm, red 
641 nm, blue 475 nm, yellow 576 nm Interference filters with 
a narrow bandwidth were used The spatial frequency of both 
gratings was 1 cycle per degree, the screen size 8? 1n diameter 
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Table 1 Colour Rivalry in Gratings of Opponent Colours 





1 2 3 
Black/white Blue/green Yellow/red 
FWC 128-10 1282-06 20 6+1 4 
JA 68+07 18 4+09 210+04 
JPJR 1224:06 147408 164404 
JIM 48-04 1324309 2074-10 
Mean 91-20 148413 1974-11 


Results are for four subjects mean + se 


40 


30 


20 


Alternation rate 





BlI-Wh B- G Y-RG-Y BR G R B Y 


Combinations of colours 


Fig. 1 The height of each line indicates the mean rate of 
alternation for each colour combination The bars indicate +1 s e 


The luminance of the gratings did not seem to be critical 
provided that 1t was comfortably within the photopic range 
For each colour combination the gratings were matched for 
apparent contrast, the contrast was approximately 03 The 
Observer was asked to record each time there was a change from 
one grating dominating to the other This rate of rivalry was 
measured for 1 min for each combinatiog of colours Nine 
1-min runs were recorded for each combination in a quasi- 
random sequence and the mean and its se calculated for each 
combination (Table 1) The pooled means of these results 
are shown at the foot of Table 1 

For crossed black and white gratings the mean rivalry rate 
was 9 1 changes per min (column 1) For all four subjects the 
rivalry rate for crossed green/red or blue/yellow gratings was 
much higher, giving means of 27 1 and 29 8 (columns 6 and 7). 
The rivalry rates for other colour combinations (columns 2 to 5) 
were intermediate between the black/white and green/red or 
blue/yellow results 

These results can be better assessed by inspecting Fig 1 
Here the pooled means +1 se are displayed A dotted line 
1s drawn through the mean rivalry rate for black/white gratings, 
below this line rivalry must be due only to the difference in 
orientation between the gratings The additional rivalry caused 
by colour differences 1s shown by the height above the dotted 
line. The rates for green/red and blue/yellow are significantly, 
greater than for any other combination 

Binocular rivalry thus depends not only upon the relative 
orientation but also the colour of the sine gratings The ° 
differences 1n rivalry rates for different colour combinations 
cannot be due to accommodation or chromatic aberration fore 
presbyopic and atropinized observers show the same magnitude 
of rivalry as observers with normal accommodation 

Nor can the difference be due to the absolute difference 1n 








4 5 7 
Green/yellow Blue/red Green/red Blue/yellow 
234414 21 7:-12 333407 35 7+16 
191+04 20 9-1-0 6 241-07 22 4+06 
200-409 19 8-E14 277415 333412 
1984-08 2294+08 23 4:Ł+11 27 6413 
206+10 213407 27 1-2 3 29 8+30 


wavelength of the pairs of filters used, for if this were the case 
the blue/red combination (wavelength difference 166 nm 
[column 5]) should rival more than the blue/yellow combination 
(wavelength difference 101 nm [column 7]) and this 1s not so 
for any observer, in fact the reverse ıs found Further, the 
difference in wavelength for the green/yellow combination 1s 
49 nm, for the yellow/red combination 65 nm and for the blue/ 
red combination 166 nm yet the rivalry rates for these three 
observations are not significantly different from one another 
(Fig 1) 
It seems likely therefore that monocular rivalry involves 
colour opponent mechanisms 1n human vision and the results 
are thus evidence for colour neurones in man which operate on 
a green-red, blue-yellow opponent system Because the effect 
also depends on the orientation of the gratings these colour 
selective neurones must be as central, or more central, than the 
first orientationally selective neurones?:4 
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Spatial Frequency Selectivity of a 
Visual Tilt Illusion 


ONE of the most consistent findings ın neurophysiology’ and 
psychophysics? has been that, in both human and animal 
visual systems, there exist neural mechanisms tuned to the 
orientation. of a stimulus It has been suggested that the 
selectivity of these orientation-sensitive detectors 1s sharpened 
by inhibitory interaction. between them, and that illusions 
and distortions of apparent orientation occur as a consequence 
of that interaction*? 

There are strong indications that “channels” selective for 
orientation are also selective for a fairly narrow band of 
spatial frequencies??? I have now investigated the visual tilt 
illusion* m a new format which provides the first evidence 
that, 1n man, orientatipn-specific inhibition operates between 
channels that have similar optimal spatial frequencies, and 
declines as the difference inefrequency increases 

The stimulus display ıs shown in Fig 1 It was presented 
agamst a dim background, for 0 5 s every 2 s during each 





Fig. 1 The display as seen by the observer. The centre grating 
was 1.5 degrees in diameter with contrast—0.36, and the 
surrounding grating was 4.5 degrees in diameter, with contrast 
about 0.8. The dark horizontal and vertical lines surrounding 
the gratings provided the orientation refereace. These reference 
lines were 5 min wide and their mid-points were 1 degree from the 
boundary of the outer grating. Four red spots, optically super- 
imposed on the circumference of the centre grating, acted as a 
stimulus for accommodation when the display itself was off, 
but were not visible when it was on. All gratings in the experi- 
ment were sinusoidal photographs (though shown above, for 
convenience, as square waves). The mean luminance of each 
part of the display was 12 cd m7. 


trial, to prevent the build-up of spatial-adaptation effects?. 
Each subject viewed the display with his left eye, without 
artificial pupil, and with his head supported by chin and 
temple rests. He was instructed to adjust the orientation of 
the gratings (whose relative angle was constant during a trial) 
until the centre grating appeared to be parallel to the fixed 
vertical reference lines (see Fig. 1). Use of a “subjective 
vertical” criterion was discouraged, to rule out Gibsonian 
“normalization” effects", but eye movements were allowed. 
Each setting of the motor-driven display took 15-30 s. Before 
each trial the display was offset by 10-15 degrees, alternately 
clockwise and anti-clockwise from the vertical. 

For each run of five trials, the spatial frequency of the 
surround (2.5, 5, or 10 c per degree) and the angle between 
the gratings (-+10, 0 or —10 degrees) were held constant, 
while the spatial frequency of the centre grating was varied 
in ascending or descending steps. The angle between the 
gratings was changed after each run, and the surrounding 
spatial frequency was changed after every three runs. The 
order of the different conditions was randomized within and 
between sessions. 

Result were obtained from two male students who did not 
know the purpose of the experiment. In the control condi- 
tion (0 degrees between the gratings) neither subject showed 
any significant response bias as a function of the spatial 
frequency of centre or surround gratings. Only for subject 
J. W. was there a small anti-clockwise bias of all control 
settings, with a mean shift of 0.6 degrees from true vertical. 
With +10 degrees between the gratings, however, the subjects’ 
settings indicated that, as expected, the apparent orientation 
of the test grating was biased away from that of the surround. 
The extent of this induced-tilt effect is shown in Fig. 2 (a and 
5). The illusion has been plotted as half the difference 
between mean settings made in the +10, and in the —10 
degree conditions. This procedure eliminated the small 
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baseline errors mentioned above, and also smoothed out any 
left-right asymmetries in the data. 

For both 5 and 10 c per degree surrounds the tilt effect was 
maximum when the spatial frequencies of the test and 
surround gratings were equal For the 2.5 c per degree 
surround, however, the curve peaked at a test frequency of 
5 c per degree. An extra condition for subject H. G., with 
1.25 c per degree surround, confirmed this low-frequency 
anomaly. Analysis of variance on the data of Fig. 2 (exclud- 
ing the 1.25 c per degree condition) showed no significant 
difference between the subjects, but significant effects of test 
frequency, and of surround frequency (both with P<0.01), 
and a significant interaction of test frequency with surround 
frequency (P<0.05). 

These results are very similar to those found for spatial- 
frequency specific after-effects’. In the case of after-effects 
with adapting frequencies greater than 3-4 c per degree, 
threshold elevation and the spatial-frequency shift are tuned 
to the adapting frequency, but with lower adapting 
frequencies the effects are tuned around 3-4 c per degree, 
with progressively lower amplitude, Similarly, in this 
experiment, results with 2.5 and 1.25 c per degree surrounds 
appear to be attenuated versions of the 5 c per degree curve. 
This is illustrated in Fig. 2c, where data averaged over the 
two subjects have been replotted as percentages of the peak 
value for each curve, against a normalized spatial-frequency 
axis, on which the test frequency is expressed in octaves, 
relative to the test frequency at which the maximum occurred. 
Also shown are data confirming the frequency-specific tilt 
effect with 5 and 10 c per degree surrounds, averaged over 
three other subjects for whom centre and surround contrasts 
were reduced by a factor of four, and display was continuous 
during a trial which took about 5 s. The results, therefore, 
did not depend upon having high contrast or flashing stimuli. 

It thus seems that spatial-frequency selective channels?” 
are operative in this simultaneously induced tilt illusion. If 
a channel with a particular optimal orientation is inhibited 
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Fig.2 a, Amount of illusion plotted as a function of test spatial 
frequency. Symbols denote surround frequency: 2.5 c per 
degree (O), 5 c per dezrec (8), 10 c per degree (@). Arrows 
indicate where the peak of each curve would lie if the illusion 
were spatial frequency specific for all values of surround 
frequency. Each point was based on sixteen trials. Subject: 
J. W. b, As for a, but including data with a surrounding grating 
of 1.25 c per degree (O). Subject: H. G. c, Data from a and 
b averaged, and re-scaled so that each curve is superimposed at 
100% (sec text). The illusion has very similar tuning character- 
istics for all surround frequencies. Also’ shown are similar 
results from three other subjects, as described in the text: 5cper 
degrec surround (A), 10 c per degree surround (V). Other 
symbols as in a. 
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only by channels with the same or nearby orientations, then 
tilt contrast is predicted when spatially adjacent stimuli 
differ in orientation by a suitable amount. The spatial- 
frequency specific tilt effect obtained here implies that such 
orientation-selective inhibition operates maximally between 
channels with similar frequency selectivities, and hardly 
at all between those tuned two octaves apart. 

Blakemore and Tobin? recently found complex units which 
were inhibited by gratings at or near tbe preferred orientation, 
placed outside the conventional receptive field. Bishop 
et al? have shown that simple cells are inhibited by lines 
tilted away from the preferred orientation, even when the 
line is strictly confined to the discharge centre of the recep- 
tive field The function of such feature-specific inhibition” 
may be to enhance, or even produce", the selectivity of 
visual neurones along important stimulus dimensions. In 
systems of neurones possessing a degree of wired-in speci- 
ficity, the development of inhibition between neighbouring 
neurones would be an economical method of sharpening 
the selectivity of the units, provided that the dimensions for 
which the units were selective was topologically mapped in 
the cortex". Just such a precise spatial organization of 
orientation-selective cells exists in the monkey's striate cortex. 
Oblique penetrations of the microelectrode revealed ordered 
arrays of units, with the axis of each successive receptive field 
rotated by about 10 degrees from that of the previous unit’. 

There is thus strong physiological support now for the 
inhibitory explanation of tilt illusions. My results raise the 
possibility that spatial-frequency channels are similarly 
organized in the human brain such that physically adjacent 
channels respond best to neighbouring frequencies, and that 
their frequency selectivity is enhanced by mutual inhibition. 
Such a system could overcome the problem of having rather 
coarse spatial tuning of units at earlier levels in the visual 
pathway™ ”. 

In view of recent reports that the tilt after-effect does not 
depend on spatial frequency? the finding of a simultaneous 
tilt illusion selective for spatial frequency supports the 
proposal* that there is an inhibitory process in the spatial 
frequency domain which is different from the mechanism 
of adaptation to prolonged stimulation. 

I thank Dr K. Oatley for advice and criticism, and the 
Medical Research Council for financial support. 

Mark A. GEORGESON 
Laboratory of Experimental Psychology, 
University of Sussex, . 
Brighton BN1 90Y 
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Steroid Hormone Production by 
Pig Blastocysts 


A LONG-STANDING problem in reproductive biology is that of 
the maternal recognition of pregnancy, the mechanism by 
which the developing conceptus signals its presence to the 
mother. An essential requirement for the establishment and 
maintenance of pregnancy is that the normal ovarian cycle 
should be arrested and the activity of the corpus luteum pro- 
longed. In the sheep and pig, the recognition signal has been 
transmitted even before the embryonic tissue becomes inti- 
mately attached to the uterine epithelium and is therefore 
clearly distinct from implantation. In species such as the pig 
the blastocyst, while it remains free in the uterine lumen, 
may produce some substance that is capable of diffusing into 
uterine “milk” and across the lumen, exerting a local effect 
on the uterine tissues. 

Huff and Eik-Nes' showed that rabbit blastocysts contain 
enzyme systems capable of synthesizing cholesterol and preg- 
nenolone from acetate and of metabolizing various steroid 
substances. Other workers^? have found a significant con- 
centration of progesterone and smaller amounts of 20a- 
dihydroprogesterone and 17a-hydroxyprogesterone in the 
blastocyst and blastocoel fluid. Seamark and Lutwak-Mann? 
suggested that the progestagens in blastocysts "are not neces- 
sarily synthesized by the embryos, but may be conveyed to 
them by the"endometrial secretion". Work in this laboratory 
has demonstrated the presence of unconjugated oestrogens 
as well as progesterone in pig blastocysts, and so we decided 
to investigate the possibility that steroid hormones axe pro- 
duced by the blastocyst of this species. Such local steroid pro- 
duction may well have an essentia] role in the material recog- 
nition of pregnancy or in the process of implantation. 

Some time before attachment to the endometrium, the 
blastocysts of the pig elongate enormously and occupy a 
large proportion of the length of the uterine horn. This elon- 
gation’ coincides closely with the time of the recognition of 
pregnancy" About 3 d later, tenuous attachment occurs at 
isolated points along the length of the blastocyst, but the 
definitive attachment by interlocking microvilli is not seen 
until about 18 d after copulation (p.c):  Blastocysts were 
recovered by flushing the uterine horns with a large volume 
of sterile medium. The concentration of total unconjugated 
oestrogens’ and progesterone? was determined by radio- 
immunoassay. The antiserum used for the estimation of total 
unconjugated oestrogens (SLC 6X) had a high cross- 
reactivity with oestradiol-178 and oestrone”, whereas that 
used for progesterone (S49 No. 6) reacted predominantly with 
progesterone, 17a-hydroxyprogesterone and 11-deoxycorti- 
sol. Steroids were extracted from the blastocyst tissue with 
diethyl ether in the oestrogen assay and petroleum ether in 
the progesterone assay and they were not subjected to a 
separation procedure before radioimmunoassay. 

Uterine flushings were centrifuged (2,000 r.p.m. for 5 min) 
and the weight of the residue, consisting predominantly of 
fragmented blastocysts, was taken as the original wet weight 
of the blastocysts. The concentration of total unconjugated 
oestrogens at days 14 and 17 was 223 and 0.86 ng g ! wet 
tissue, respectively, and that of progesterone at days 14 and 
16 was 6.8 and 9.8 ng 2^ * wet tissue. During this period of 
pregnancy, the peripheral plasma concentration of proges- 
terone is about 10 to 20 ng mI™ whereas that of total uncon- 
jugated oestrogens is less than 0.1 ng mt". 

To determine whether the blastocyst was actively synthe- 
sizing steroids or accumulating steroids derived from the 
mother, blastocyst tissue was incubated with appropriate pre- 
cursors. Blastocysts (0.2 to 0.5 g wet weight), endometrial 
tissue (0.2 g) and uterine washings (3.0 ml) were incubated 
separately under sterile conditions in either a total volume of 
4 ml of Medium 199 or Brinster's medium" for 3 h at 37^ C 
and gassed with 95% oxygen:5% CO. The incubation 
medium was prepared with a recently purified *H-labelled 
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Table 1 The % Incorporation of ?H-Androstenedione and ?H-Dehydro- 
epiandrosterone into Phenolic Compounds, Oestrone and Oestradiol-17f 
by Pig Blastocysts 








Stage of % Incorporation of initial radioactivity 
pregnancy (% g^! h-!) 
(dpc) Oestrone Oestradiol-17f 
Androstenedione 
10 Undetectable Undetectable 
14 13 6 24 
15 69 14 
16 23 2 (37 7)* 13 (22)* 
Dehydro- 
epiandrosterone 
14 341 42 
15 135 40 
16 32 8 (39 4)* 22(19)* 


——————— I — EM E E 
Each figure is the mean of duplicate determinations 
Substrates (about 10 pCi) incubated with blastocyst tissue in 
Medium 199 
* Results obtained using Brinster's medium! ! are given in brackets 


substrate (1,2-'H-androstenedione, 459 Ci mmol", 7a- 
dehydroepiandrosterone (DHA), 15 9 Ci mmol”, 1,2-*H-pro- 
gesterone, 335 Ci mmol", 7a-'H-pregnenolone, 18 Ci 
mmol"", 6,7-*H-oestrone, 45 Ci mmol-!, 6,7-?H-oestrone sul- 
phate, 470 mC: mol-, or 1,2,6,7-*H-cortisol, 107 C1 mmol") 
to provide an activity of approximately 1 Cı 1g each flask 
After incubation, the flasks were rapidly frozen in liquid 
nitrogen and stored at — 15? C until the reaction products 
were determined Extraction, solvent partition, repeated thin- 
layer chromatography and derivative formation for the 
isolation, identification and determination of labelled oestrone 
and oestradiol-178 and of progesterone were perfomed as 
previously described?.!8 

Table 1 shows the incorporation of labelled androstene- 
dione and DHA expressed as the %, incorporation of the 
substrate h” g? wet weight of tissue at different times after 
mating On day 10, there was no significant incorporation 
of androstenedione into oestrogens, but by days 14, 15 and 
16 the conversion of labelled DHA or androstenedione to 
oestrone and oestradiol-178 was appreciable, the incorpora- 
tion of DHA being about twice that of androstenedione The 
overall ratio of oestrone to oestradiol-178 was about 7 1 for 
both precursors The sum of the radioactivity found in these 
two compounds represented 70 to 80% of the total radio- 
activity in the phenolic fraction Because there was little 
difference between the two incubation media (Medium 199 
and Brinster’s medium) with respect to the % Incorporation 
of androstenedione and DHA into oestrone and oestradiol- 
178 (and of pregnenolone to progesterone), experiments were 
subsequently carried out with Medium 199 only 


eee 

Table 2 The % Incorporation and Metabolism of Various Substrates 

into Phenolic Compounds (Oestrone, Oestradiol-178) and Progesterone 
by Pig Blastocysts 





% Incorporation of initial radioactivity 
7 ~?) 


o 
Substrate Oestradiol- Pro- Un- 
Oestrone 17p gesterone known 
Progesterone 
l4dpc 09 03 — — 
l5dpc 22 04 — — 
Cortisol 
1l5dpc 
«001 «001 — — 
Oestrone sulphate 
dpc 817 161 — — 
Oestrone ° 
l4dpc 333 247 — 
Pregnenolone é 
l6dpc Not detected Not detected <50 191 


——————————————————————— 


Each figure 1s the mean of duplicate determinations 


^ - 
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Table 2 shows corresponding measurements using various 
substrates The incorporation of labelled progesterone indi- 
cates that there was some conversion of this substrate to 
oestrone and oestradiol-178 after 14 and 15 days of preg- 
nancy There was no detectable incorporation of labelled 
cortisol or labelled pregnenolone into oestrogens The rapid 
hydrolysis of oestrone sulphate by the blastocyst tissue was 
striking in that all the radioactivity was recovered in a 
phenolic fraction largely in the form of labelled oestrone 
Oestradiol-178 was present in approximately the same ratio 
as was found in the previous experiments described in Table 1 
Incubations with labelled oestrone confirmed the presence of 
a 178-oxidoreductase enzyme system within blastocyst tissue 
1n that an appreciable proportion of radioactivity was 1ncor- 
porated into oestradiol-178 Table 2 also shows that the 
Incorporation of labelled pregnenolone into progesterone was 
of a low order, although a significant proportion was 
incorporated into unidentified compounds more polar than 
progesterone in their chromatographic behaviour 
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Table3 Radiochemical Purity of Labelled Oestrone and Oestradiol-1 7B 
Isolated from Blastocyst Tissue after Incubation with Various 3H-labelled 
Substrates 





Ratio of ?H = !*C after thin-layer 


chromatography 
Substrate Product Ist 2nd 3rd 
chromato- chromato- chromato- 
gram gram gram 
Andro- Oestrone 119 111 117 
stenedione 153 165 171 
Oestradiol-17p 20 23 21 
38 36 32 
DHA Oestrone 319 340 316 
205 210 215 
Oestradiol-17p 124 129 119 
30 39 32 
Progesterone Oestrone 38 43 43 
42 42 42 
Oestradiol-17p 4 13 6 
7 12 9 


es 


SH '4C ratios of oestrogens after extraction, solvent partition, 
repeated thin-layer chromatography and derivative formation 

After the addition of !*C-oestrone and 1*C-oestradiol-17p (~ 1,500 
dpm per 100 pg), blastocyst tissue was extracted with diethyl ether, 
a phenolic fraction was prepared by solvent partition, and oestrone 
and oestradiol-17B separated by thin-layer chromatography (ethyl 
acetate cyclohexane, 1 1) After acetylation, the oestrogen-3- 
monoacetates were chromatographed again (ethyl acetate cyclo- 
hexane, 3 7), then hydrolysed, and the free oestrogens chromato- 
graphed a third time (ethyl acetate cyclohexane, 1 1)!%13 


The initial substrate concentration of labelled oestrone 
sulphate was much greater than that of the other substrates 
used as a result of its relatively low specific activity The 
rapid hydrolysis of labelled oestrone sulphate 1s equivalent 
to the formation of at least 400 ng g^ h^! of oestrone, some 
200 times the maximum endogenous concentration of immu- 
noreactive unconjugated oestrogens in blastocyst tissue There 
was little evidence for a sulphotransferase enzyme system 
concerned with the reverse reaction as less than 1% of oes- 
trone was incorporated into oestrone sulphate or oestradiol- 
178 sulphate The incorporation of labelled androstenedione, 
DHA and progesterone into sulphated compounds was 
similarly low There was, on the other hand, a substantial 
incorporation into other conjugated compounds which 
accounted for approximately 2096 of the initial activity 

»Evidence for the radiochemical purity of labelled oestrone 
and oestradiol-178 isolated after incubations of blastocysts 


e With radioactive substrates is given 1n Table 3 


Labelled androstenedione, DHA or pregnenolone were 
,also incubated with endometrial mince and uterine washing 
There was negligible incorporation of these substrates into 
oestrone, oestradiol-178 or progesterone in these mcuba- 
tions 

These results provide biochemical evidence for the presence 
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and their economic importance to crops. Much new information has been included and observations on 
made over the last century have been re-interpreted in the light of modern. concepts of ecology. Mc 
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This book forms an up-to-date reference work surveying the biology of the mammalian mactophage with prin 
emphasis laid on ultrastructure, based in part on first hand electron microscopic observation, it starts with an 
account of the free and fixed macrophages of the mammalian body and of the behaviour of macrophages in tissue: 
culture. The origin and circulation of the macrophage are described and followed by an account of the mechanisms 
whereby foreign material is taken in and destroyed. This leads on to an account of the part played by macrophages. 
in defensive reactions, a description of their secretory abilities and of the role of the macrophage in metabolism 
as well as an illustrated discussion on the neoplasms of macrophage lineage, An account of the ultrastructure of- 
macrophage-like cells closes the volume. s 
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^i within the blastocyst tissue of aromatase, 17-20 desmolase - 
and 3-sulphatase. enzyme systems concerned with the pro- 
duction of oestrogens from neutral steroids, progesterone 
and. conjugated steroids, respectively. Evidence has also 
been obtained for the presence of other enzyme systems in- 
volved in the formation of steroid conjugates other than the 
sulphates of oestrone and oestradiol-178. These findings 
indicate that the presence of unconjugated oestrogen and 
progesterone in blastocyst tissue is probably a result of their 
synthesis in situ and not a result of their diffusion from the 
maternal circulation. Thus, even at this early stage of 
development, the pig blastocyst has the enzymatic capacity 
to produce biologically important steroid hormones. It 
remains to be seen whether the local effect of hormones 
produced by the blastocyst is, in. some way, concerned with 
the ongoing process of implantation or with the signal where- 
by the developing embryo conveys its presence to the mother. 
This latter event may be related to an alteration in the pattern 
of uterine metabolism. 
We thank Mr R. Burton for technical assistance and Dr 
J. R. G. Challis and Miss G. Roberts for help in preliminary 
studies. The antisera SLC 6X and S49 No. 6 were donated 
by Dr B. V. Caldwell and Dr G. Abraham, respectively, 
J. S. PERRY 
R. B. Heap 
E. C. AMoroso 
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Babraham, Cambridge 
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Electrical Coupling across 
Developmental Boundaries 
in Insect Epidermis 
Te polarity of the surface folds on the abdominal cuticle of the 
insect Rhodnius, which normally run at right angles to the 
antero-posterior axis, is controlled by the underlying epidermal 
cells. When portions of integument are transplanted or rotated 
the epidermal cells produce surface folds the orientation of 
which shows that the cells “remember”, at least to some extent, 
their original polarity’. Such experiments also suggest that 
the cells have access to information which defines the spatial 
pattern of differentiation within each segment?. It has been 
suggested that a gradient of some property exists which is 
reiterated from segment to segment so that the intersegmental M 
-. border intervenes between the “high” part of one gradient and 
the “low” of the next. In one model the segmental gradient is * 
wed as a concentration gradient of a diffusible morphogen*^*, 
Studies in a closely related insect have shown that from a verye 
'early stage the segments have independent lineages, clones 
stopping abruptly at the intersegmental border*^*. 
jas often been suggested that molecules conveying the 
n necessary for defining the spatial pattern of 
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Fig. t Spread of ionic current in the insect epidermis. Ordinate: : 
Height of the. electrotonic potential (mV), Abscissa: Distance 
between current passing and voltage recording electrodes (ym) 
O, Measurements with both electrodes in the same segment 
@, electrodes in adjacent segments. Line drawn through. thi 
points calculated according to e : x 


IR, 
| = ad HV (rik) i 
where V is the height of the electrotonic potential, the injected. : i 


current, d the thickness of the sheet, r the interelectrode distance - 
and X. the space constant of the preparation (given by Y Ry Rid 
where Rm and R; are the specific resistances of the surface meni: 
brane and intercellular pathway respectively). A set at 350 ium; 
H,” is a tabulated Bessel function”. 


differentiation may pass from cell to cell. via: low. electrical 
resistance pathways'-*. There is little evidence to support 
these ideas, although Dixon and Cronly-Dillon'^ have re- 
ported that gap junctions disappear from the central retina. of 
Xenopus at the time of determination of retinal polarity. (The 
presence of gap junctions in cultured cells has been correlated. 
with the ability to exchange small molecules such as nucleotides, 
and with low resistance intercellular pathways*'.) Any mor- 
phogen controlling differentiation in the insect segment could 
pass from cell to cell via low resistance junctions; although the: 
independent behaviour of each segment requires that the moye- 
ment of the morphogen be restricted to cells within the same 
segment. We have therefore examined. whether low resistance. 
intercellular pathways exist within each segment and from one 
segment to the next. NIIT 
Third stage larvae of Rhodnius were used 3-5 d after feedi 
The dorsal integument of the abdomen was removed (appt 
mately 5 x 3 mm), and the fat body and basement membra 
stripped off. Examination in the electron microscope showed 
monolayer of epidermal cells (about 10 pm in diamete 
continuous across the intersegmental border. This preparation 
was pinned out flat in Jones and Cunningham medium’? 
epidermal cells uppermost and viewed in a Zeiss dissecting - 
microscope ( » 100). Glass microelectrodes filled with 3M KE! 
or 0.8 M K citrate (tip potential <—8 mV; resistances 40- 
MQ) were used. Current pulses were injected into one cell and 
the voltage deflexion produced in a nearby cell-recorded | 
second intracellular microelectrode. Membrane potentials were 
routinely recorded on insertion of each electrode. and. one. 
electrode was then switched over to current injection to ensure — 
that both current passing and voltage recording electrodes lay 
inside a cell. vel E 






















WI “ 
CoU | Sxl0 Amps 


Fig. 2... Electrical coupling across the intersegmental border. In 
. each case the upper record gives the resting membrane potential 
_ Gower margin) and the final height of the electrotonic potential 
(upper margin) at the end of a one second current pulse recorded 
in à slowly moving pen. recorder. The lower record gives the 
magnitude of the injected current pulse. Depolarizing current 
"pulses were passed. (i) Electrotonic potential recorded with 
X current passing electrode in anterior part of one segment and 
Voltage recording electrode across intersegmental border. (ii) 
Current passing switched onto the voltage recording electrode 
and vice versa, so current now injected in posterior part of one 
Segment and recorded in anterior part of the next. Distance 
Dv `. between electrodes = 125 um. 





Intracellular membrane potentials ranged from —6 to 
IV. with a mean of —17 mV (+5.0 mV s.e.m.; n=61). 
resistances (measured with an electrode separation of 
<25 um) were in the region of 10° O; on no occasion were 
he current passing and voltage recording electrodes in the 
same cell. After determination of the input resistance of the 
"reparation the interelectrode distance was increased gradually 
and the height of the electrotonic potential measured. 

. Preparations were tested for the spread of ionic current both 
within the same segment and across the intersegmental border. 
In all preparations (n==13) electrical coupling has been ob- 
erved both between cells in the same segment and between cells 
adjacent segments. A semi-logarithmic plot of the height of 
 electrotonic potential against the inter-electrode distance for 
e of these preparations is shown in Fig. 1. For this series of 
asurements the current passing electrode was placed in a cell 
posterior part of one segment and current spread meas- 
d away from this electrode in both anterior and posterior 
ons. The measurements made within the same segment 
| those made with the intersegmental border interposed 
ween the electrodes fall along the same line, suggesting that 




















he border does not present a significant barrier to the move- 
ment of ions from one segment to the next. The line drawn 
. through the points in Fig. 1 was calculated using a solution of 
5 the cable equations for current spread from a point polarizing 
_ electrode into a flat sheet!^ taking a space constant of 350 um. 
"When injection of current was switched from one electrode to 
. the other so that current passed first ig the anterio-posterior 
. direction and then in the reverse direction across the barrier 
. (Pig. 2) the size of the electrotonic potential did not change; 
. there was no evidence for rectification. 

The cells of the insect epidermis secrete a waxy epicuticle 
hich is highly impermeable to both water and ions!*'*, The 









for the f ionic c 
between the cells. 


ace ular space and this high resistance 


E < cuticle must not be overlooked. If such a shunt existed it could 


give rise to apparent electrical coupling between the cells 
because of ion current flow from one cell to the next via a 
restricted extracellular pathway. 

Wigglesworth!* has shown that superficial abrasion renders 
the cuticle permeable to water. We have found that normal 
membrane potentials and electrical coupling within and be- 
tween segments persist after heavy surface abrasion, which 
allows neutral red to penetrate the cuticle and enter the cells, 
showing that they are not damaged by this treatment. The 
input resistances of these epidermal cells were not markedly 
different from those in unabraded preparations. The inter- 
cellular coupling illustrated in Fig. 1 is thus the result of low 
resistance connexions between the cells and is not the conse- 
quence of a restricted extracellular pathway. There is, therefore, 
effective electrical coupling, both between cells situated in the 
same segment, and between cells in adjacent segments; suggest- 
ing that there is no simple correlation between the independent 
development of adjacent organs and the presence of an inter- 
vening barrier to the movement of small ions. 
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Optimal Fish Cruising Speed 
Tue life cycles of various species of fish include long range 
migrations for feeding and spawning purposes. Long stretches 
of these migratory routes are often crossed without food intake 
so that efficient use of the store of internal energy is essential to 
survival. Many such migratory species have produced various 
adaptations for efficient swimming such as streamlining and 
carangiform' body movements. Schooling, which is also 
common among long distance. swimming species*, has been 
shown to contribute to the locomotory performance. Here I 
*show that regulating. the swimming speed can increase the 
performance and efficiency of motion by appreciable amounts. 
Such theoretical predictions of optimal cruising. speeds can 
be of aid in tracking and locating fish during migrations for 
fishing purposes and so on. Fishes have two propulsive.mus 








xists in the 
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ac tem 
ming (cruising) and the white anaerobic muscles chiefly for. 


 . Short bursts at high speeds. When considering movements 
over large distances, only speeds within the range for sustained i 
swimming need to. be taken into account. What, then, is the. 





maximum range for swimming at constant speed with the total 
available energy constrained and given? 

Defining Wp as the propulsive rate of work and W as the 
rate of energy expenditure on internal metabolic processes 
independent of swimming speed (standard rate), 


E—F--W.t (1) 


where E is the total available energy and r the swimming time. 
The thrust T is equal in magnitude to the hydrodynamic drag 
for swimming at constant speed. At normal swimming velocities 
(Reynolds number much greater than 1) the drag is approxi- 
mately proportional to the velocity squared. Thus 


T=tu* (2) 


where t is a constant including the fish surface area, water 
density and a non-dimensional drag coefficient. The thrust can 
be related to the propulsive rate of work by 


nW,-—Tu (3) 


where equation (3) defines the mechanical efficiency n of the 
fish propulsion mechanism. Experimental data for the depen- 
dence of n on u in steady swimming was recently obtained for 
rainbow trout* for the range of sustained swimming speeds. 
- From these results 






n-Bu (4) 


where B is an empirically obtained constant. Strictly speaking 
this relation is valid only for one species. Other related swim- 
ming characteristics, such as the dependence of oxygen intake*'? 
and oscillation frequency*? on swimming speed, have, however, 
been found to hold for many species using carangiform and 
subcarangiform locomotion. Therefore it will be assumed that 
equation (4) also is of a more general nature. Substituting 
equations (2) and (4) into equation (3) 


W, = 1/8 (5) 
Equation (1) can now be written 
E=((tu?/B) + Wo (6) 


. 
The distance crossed during this time when swimming in a 
straight horizontal line is 


l=ut 0) 
Eliminating ¢ from equations (6) and (7) 
HL Eul(ue/B) + Wn) (8) 


It is evident from equation (8) that / has a maximum for some 
positive value of u as / —0 for both u=0 and when u becomes 
very large. Differentiation of / with respect to the velocity yields 


Umax BAT (9) 
which is equivalent to (see equation (5)) 
QV, max ™ Wa (10) 


The maximum range possible with given total energy store is 
obtained when the swimming velocity is such that the rate of 
energy expenditure required for propulsion is equal to the’ 
. standard (resting) metabolic rate. 

: The working rates Wp and W can be established from the * 
elation between oxygen Patat xe and swimming speed, which has 
measured for various species of freshwater and marinee 
icluding rafnbow trout. The velocity for which com- 
is fulfilled is approximately 1-fish length s71, which 
the range of cruising feed" for which the aerobic 
used exclusively: 













"Speed Unas from the definition 


evolved as a result of the differing requirements, such as river = 


-the optimum cruising ped as defined above, it r 
. find the magnitude of the gains posible by o p r 


swimming speed. 
Any speed can be written in terms of the. optima 











: H OH max. l 

Substituting i in equation (8) 
Hugs E] (tatt max B) + Wy) 
and /5,, is obtained by setting a —1. Applying equatio 9 
Whrnax =2a/(1-+-a*) 


Figure 1 shows that the possible range is within 20% 
maximum for swimming speeds of one half to twice the o 
speed. Long range cruising speeds as inferred from tank t. 
usually up to four lengths s~* (ref. 10). For this speed, th 
is less than half the maximum (taking Hg length 
showing that optimizing the cruising speed can have. ar 
influence on the possible range of movement. 
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Fig. 1 Ratio of range to maximum'range as à function of the 
normalized velocity for constant speed swimming. 


A related problem i is that of minimizing the energy requked 
to cross a given distance. Applying equations (1) to (7) gave 
exactly the same result as the former problem; namely equation 
(9). This was to be expected as one problem is the i inverse o! 
the other. 

The optimal cruising speed found above is rather low when 
compared with the maximum endurance speeds mentioned, 
Such endurance tests are, however, generally made in flowing 
water installations, so that the fish is not free to choose its 
preferred swimming speed. Some indication of actual cruising 
speeds may be obtained from data on continuously swimming 
species such as Euthynnus affinis, where cruising at about 1.3 to 
1.7 lengths s^ * was observed!*t* with the lower limit approached 
after long food deprivation!*, 

On the other hand, the actual optimum speed for any give en 
species or individual may be different from that defined 
equation (10) because of the general model used. Thus, Webb"! 
found that the thrust-speed relation in tgi i ; 
from equation (2), that is T ti-79, 
equation (2) gives, in place of equation 
which i increases the optimum velocity by 


(10)) gives a rough idea of the optimum cruising spee 
accurate estimates for ‘specific species or groups. of be 
obtained, given the exact dependence of thrust and efficiency c 
swimming speed. 
Differences in these relationships between. species may have 





migrations in which the swimming speed has to be higher, due 
to the faster counterflow, than in oceanic species. 
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Evolutionary Implications of Collar 
Cell Ectoderm in a Coral Planula 


THERE is only one account on the ultrastructure of cnidarian 
planula larvae (largely of the surface coat) of the hydrozoan 
Corydendrium parasiticum’. In view of the importance attached 
to planulae in Lankester and Hyman’s planula-acoel theories 
on the origins and relationships of the Metazoa’, I studied the 
planula of the British solitary coral Balanophyllia regia (Antho- 
zoa, Eupsammidae) from a flourishing “colony” established in 
an indoor tank. Sexual reproduction occurs in September and 
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Fig. 1 Collar cells of planula ectoderm each with a single 
flagellum surrounded by 10-11 mucus-linked microvilli. Note 
vesicles at each side of the flagellum. (Index line 0.5 um.) 
Planulae were collected and fixed in 2.5% glutaraldehyde in 0.1 
M sodium cacodylate buffer, pH 7.2, containing 0.7 M sucrose. 
After 1 h they were transferred dirgctly to a cold 1 % solution of 
osmium tetroxide in veronal acetate buffer, pH 7.2, containing 
0.6 M sucrose and post fixed for 1 h. Material was embedded in 
‘Araldite’ and double stained in ‘uranyl acetate and Reynolds’ 
lead citrate after sectioning. 
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free swimming orange yellow planulae are produced at this 
time. 

Ingeneral morphology the planula resembles those hydrozoan 
planulae described by Van de Vyver* and is covered by an 
ectoderm several cells deep (7.5 um). Surprisingly the majority 
of the surface ectoderm cells proved to be collar cells, com- 
parable with those described for choanoflagellates* and 
sponges*^* but four types of gland cell, three kinds of nemato- 
cyte and spirocysts and nerve cells are also present. All the 
surface cells, with the possible exception of spirocysts’, bear a 
single flagellum. On the gland cell surfaces the flagellum is 
surrounded by randomly arrayed microvilli but in the collar 
cells it is surrounded by a ring of ten to eleven regularly 
arranged microvilli which form the collar (Fig. 1). Each 
microvillus is approximately 0.1 um in diameter and is linked 
into a ring by fibrous, mucus-like material, which extends 
inwards around the flagellum. The collars, which measure only 
1.2 to 1.6 um in depth with an inside diameter of 0.6 um, are 
therefore less well developed than the collars of choano- 
flagellates and sponge choanocytes which are composed of a 
ring of 31 to 33 microvilli 6 to 7 um long**. 





Fig.2 LS of planula collar cell showing the accessory centriole 
and part of the rootlet and plaque with microfilaments. (Index 
line 0.5 um.) 


The flagellum of the planula collar cell has the usual 9 +2 
tubule arrangement, is 20 to 25 um in length and has a diplo- 
somal basal body with an accessory centriole. The basal body 
is produced into a 6 um long striated rootlet and attached to 
the accessory centriole is a plaque with a median dense thick- 
ening flanked by thinner lateral bands of dense material 
(Figs 2 and 3). The plaque connects with a fan of microfila- 
ments joining to the cell boundaries on each side. An unusual 
feature of the collar cells is a dense inner cylinder with walls 
40 nm thick that runs just inside the plasma membrane for 3 
um stopping short of the termination of the striated flagellar 
rootlet (Figs 2 and 3). This cylinder may act as a support for 
the narrow neck regions of the collar cells. Flagella are occa- 
*sionally found in the endoderm and may be those of differen- 
tiating gastrodermal cells. Many differentiating cell systems in 

* mammals develop “flagella” in a non-dividing phase’. 

Collar cells may not be present in all planulae and a published 
enicrograph of a hydrozoan planula? suggests that this has a 
ciliated ectoderm. The stomodeal region of'adult madreporian 
corals bears collar cells? and in fact collar cells are much more 
common in the animal kingdom than is generally realized and 
may form a distinct cell type in forms as diverse as choano- 
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Fig. 3 Diagram of the outer part of a planula ectoderm cell 

showing mucus-filled collar and characteristic diplosomal basal 

body and rootlet structure Vesicles are present at each side of 
this collar (Index line 0 5 um) 


flagellates and man. They may be present in the epidermis of a 
wide range of mvertebrate larvae and have recently been 
described in the motile flagellate larva of Rhabdopleura com- 
pacta!? as well as composing the two “ciliary” rows on the 
tentacles of adult Rhabdopleura™ Like other collar cell flagella 
those of Rhabdopleura have a diplosomal basal body Echino- 
derm larvae and adults have collar cell epithelia!?:3 and the 
tornari larva of enteropneusts have been reported to have 
areas of epidermis with only one flagellum per cell: These 
may be collar cells which are also present in the ventral collar 
region of the adult enteropneust Harrimania! The gut of the 
brachiopod Lingula unguis has flagellate cells with an accessory 
centriole** although details about the possiple presence of a 
collar are not available The endostyle of Branchiostoma 
lanceolatum also contains cells with a single flagellum and 
accessory centriole!” and true collar cells occur in the endostyle 
of Botryllus schlosseri*® The flagellum of hydrozoan cnidocils 
1s surrounded by a collar of modified microvilli'*?? and many 
sense cells are built on a collar cell plan ranging from hydrozoan 
independent mechanoreceptors?, to some sense cells in the 
tentacles of adult Balanophylha, statocysts of hydrozoans??, 
sense cells ın the epidermis of Lumbricus terrestris? and Rhyn- 
chelmis'? and sensilla of Priapulus caudatus, chaetognaths!* 
and echinoderms 

In vertebrates the rods and cones of amphibians and primates 
have a collar arrangement?* with a flagellum incorporated into 
the rod and cone outer segments, an accessory centriole and a 
rng of twenty-seven microvilli: (the so-called ‘“dendrites’’) 
extending about half-way up the outer segment Stretching a 
point, a case might just be made for considering that the hair 
cells of the vertebrate acoustico lateralis system were related to 
collar cells but with the “‘stereocilia” of the collar rearranged 
to one side of the “kinoflagellum’’, the diplosomal condition 
persists ın these cells?5 

The presence of ectodermal collar cells in a planula raises 
the possibility that they may be used for feeding during larval 
life although in view of the small depth of the collar and the 
large amount of larval yolk present this seems unlikely 
Vesicles are present 1n the ectoderm cells (Figs 2 and 3) and 
open outside the collar, however, without using markers for 
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transport activity 1t ıs not possible to decide whether these are 
concerned with uptake or secretion Their contents sometimes 
resemble dissociating dense granules which may be mucus 
secretion. The function of the nematocysts in the planula 
ectoderm 1s not known but if functional at this stage they are 
more likely to be used in defence or attachment than in feeding 

In an evolutionary context, the finding of flagellate collar 
cells 1n an anthozoan planula raises difficulties regarding the 
planula-acoel theory? It seems doubtful that if all planulae do 
have a collar cell ectoderm that a planula-like ancestor 1s likely 
to have given rise to an acoel-like form as the epidermis of 
acoels 1s ciliated and indeed “fundamentally” so as ciliated 
replacement cells form 1n the parenchyma and migrate out 
during epidermal regeneration?? This 1s true also of triclads 
and monogeneans where a ciliated primary epidermis 1s 
formed early in their embryology??® The finding of collar 
cells ın acoels however would reopen the possibility of relation- 
ship As collar cells occur 1n most major phyla of invertebrates 
as well as in vertebrates there is no a priori reason to suppose 
they may be absent from the platyhelminths In fact, 1t has been 
suggested that flame cells are a modified type of collar cell}? 
The indications that flagellate, often diplosomal, collar cells 
occur commonly throughout the animal kmgdom may en- 
courage speculation about the flagellate origins of the Metazoa?? 
but deeper issues 1nvolve major decisions about the ability to 
distinguish properly between flagellum and cilium in the various 
contexts in which they seemingly appear 
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Thermoregulation in Dinosaurs 


ANATOMICAL, physiological and ecological evidence has been 
assembled by Bakker! 1n an attempt to demonstrate that dino- 
saurs were endotherms But critical parts of this evidence 
are less than convincing and may be interpreted differently 
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Bakker suggests that dinosaurs were built for sustained loco- 
motion at moderate speeds and infers from this that dinosaur 
energy metabolism was endotherm-like But I consider it 
likely that dinosaurs, like terrestrial mammals, generally moved 
at low speeds and only reached maximum speeds in short 
bursts The cheetah (Acinonyx jubatus) can attain 97 km h-i 
over a distance of 370 m (ref 2), but soon slows down if the 
prey 1s not caught inside this distance Thus the cheetah's 
top speed 1s maintained for about 15 or 20 s Lizards are 
capable of fast running 1n anaerobic bursts lasting 20 s or so! 
and a similar mechanism could have permitted sophisticated 
cheetah-like predation in communities of ectothermic dinosaurs 

‘Bakker argues! that lack of body msulation, combined with 
endothermy, restricted dinosaurs to large size and observes 
that very small dinosaurs are unknown from deposits where 
mouse-sized salamanders, lizards and mammals are common 
No dinosaur eggs are known to exceed a length of about 
30 cm (ref 3) and 1t 1s probable that the largest hatchlings were 
no bigger than a domestic cat (Felis catus) Dinosaur hatch- 
lings equipped with the apparently lethal combination of 
small size, naked skin and an endothermic temperature regime 
could scarcely have survived to maturity Yet dinosaurs did 
reproduce successfully, small individuals (even 1f juveniles) did 
exist, and evidence from “mummified” specimens indicates 
that dinosaur skins were naked** These facts seem to leave 
no other conclusion but that dinosaurs we ectotherms 
(unless one 1ntroduces the possibilities of parental care or of 
fossorial habits for hatchlings) 

The mainstay of Bakker’s argument! for endothermy in 
dinosaurs 1s the statement that endotherms ''take prey at a 
rate an order of magnitude higher than ectotherms relative 
to body weight"—this premise being extended to analyse 
predator/prey ratios 1n dinosaur communities Unfortunately, 
the ectotherm standard of comparison selected by Bakker 
1s extremely unreliable It consists of Auffenberg's estimate? 
that the Komodo monitor (Varanus komodoensis) takes large 
prey about once a month, together with Bakker's own assump- 
tion that the weight of the prey 1s roughly half that of the lizard 
From this ıt 1s deduced that the Komodo monitor consumes its 
own weight in prey every 60 d But there 1s evidence? that 
the Komodo monitor can take prey as heavy as itself and 
Bakker mentions! that the lizard may kill animals two or three 
times its own weight This implies that the Komodo monitor 
ingests 1ts own weight in prey every 10 or 15 d To take the 
case of an endotherm it may be noted that the tiger (Panthera 
tigris) consumes a minimum of fifteen times its own body weight 
ın prey each year^—that ts, 1t ingests 1ts own body weight mn 
food every 243 d 

These figures seem to contradict Bakker's statement that 
endotherms take prey at a much faster rate than ectotherms 
But these may be extreme cases and ıt seems safer to infer that 
there 1s no clear-cut difference between rates of predation in 
endotherms and ectotherms 
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GENERAL 


“Normal” Explanation of the 
Soal-Goldney Experiments in 
Extrasensory Perception 


Tue Soal-Goldney card-guessing experiments with the subject 
Shackleton consisted of forty sittings conducted between 
1941 and 43 under the direction of S. G. Soal, then a lecturer 
in mathematics at the University of London’, Elaborate 
precautions were taken against error and fraud. Many 
independent witnesses were called in. Copies of the records 
were made at each sitting and later independently checked 
Above-chance scoring was achieved, in general, on the card 
one ahead of that being looked at, suggesting precognition 
When the rate of guessing was speeded up, success shifted 
to the card two ahead. The statistical significance of the 
results was overwhelming The series has long been quoted 
as a model of meticulous technique ın experimental para- 
psychology and, for some people at least, has stood as a 
mainstay of the evidence for extrasensory perception 

In 1956, following a request by a sceptic to see the original 
records, Soal reported? that they had all been lost early in 
1945—though the contemporary handmade copies were still 
available 

In 1960, Soal and Goldney reported? for the first time that 
Mrs G A, who took part as an “agent” in sittings 15 
and 16, had told Goldney shortly after sitting 16 that she 
had seen Soal "altering the figures" during that sitting and, 
specifically, changing “1”s into "4"s and "5"s Without 
informing Soal, Goldney and a colleague checked the 
original record but found no evidence of such alterations 
Goldney then informed Soal who decided that the matter 
did not merit report But Goldney kept a full contemporary 
record. Later, Scott heard of the affair, interviewed Mrs 
G A and threatened to publish an account. At this point 
the experimenters published their own account? 

In 1971, Medhurst‘ attempted to identify the random num- 
ber "target" sequence used 1n the Soal-Goldney experiments 
by a computer search based on Soal's detailed description 
of how he had derived the sequence Had this succeeded 
it would have settled once for all any question of "altering 
the figures”. In fact, the search failed completely, showing 
that either. Soal's account of the method used in preparing 
the sequence was inaccurate or there had been widespread 
tampering 

Medhurst also showed that, if the “G. A allegation” were 
true, it could only have been the target numbers that were 
altered and almost certainly at the time of the "check up", 1n 
which the guesses were compared with the targets 

We now describe the experimental arrangement The 
“agent” (A) or sender sat behind a screen placed across 
a table On A's side of the screen were placed, face down- 
wards in a row inside an open box lying on its side, five 
animal picture cards. elephant, giraffe, lion, pelican, zebra 
On the other side of the screen one of the experimenters 
(termed “E A”) was in charge of the random number 
sequence For each guess, E A held up the selected number 
to a window in the screen. The number N (I< N<5) 
instructed A to raise, and briefly look at, the Nth card 
from the left in the row of five in the box. Meanwhile 
Shackleton sat in the adjoining room observed by an experi- 
menter and recorded his guesses 1n the form of letter symbols. 
E, G,L, P or Z The door between the rooms was left ajar 
so that he could hear E A. call out the timing signal for each 
guess After fifty guesses the order of the five cards in the 
box was recorded, the cards were reshuffled and a new run 
began After a few runs there was a check up the record 
of guesses was brought in and each guess was decoded into 
the corresponding digit 1 to 5 and entered opposite the 
appropriate target on the target record The hits were then 
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counted Sittings generally consisted of six or eight runs of 
fifty guesses each Witnesses checked various parts of the 
procedure Soal generally, but not always, took the principal 
role in the check-up 

The starting point of the present investigation was a cross- 
tabulation of target digit against the guess for sitting 16, 
taking account of the “+1 displacement” (guessing one card 
ahead) This 1 shown in Table 1 The guesses originally 
recorded as letter symbols have here been coded into digits 
according to the letter digit code used during each run 





Table 1 Target/Guess Matrix Sitting 16, Successful Agents 








Guesses 1 2 3 4 5 
Targets 
1 


Total - 


20 12 22 5 0 59 
2 13 20 12 20 13 78 
3 11 20 19 12 15 TT 
4 5 9 11 33 6 64 
5 5 10 10 7 26 58 


Total 54 71 74 TI 60 336 


eS 


“ESP” score 118 


If target “1s were changed into “4s and “5”s in order 
to score hits, we would expect to find (1) a deficit of total 
targets 1, (2) an excess of total targets 4 and 5, (3) a deficit 
specifically in the fourth and fifth cells in row 1 , (4) an excess 
of hits on 4 and 5 

Effect (1) 1s found but the deficit 1s too small to explain 
the observed above chance score. Effect (2) 1s not found. 
Effect (3) is found at a high level of significance (probability 
of obtaining 5 or less in these two cells 2X1075) Effect (4) 
is also found , because the null hypothesis is ESP, its signi- 
ficance depends on the ESP model assumed We assume that 
the ESP scoring rates on the five different target letter-symbols 
may have varied randomly from run to run and independently 
of the digit-symbol In the seven individual runs of Table 1 
we then test the set of fourteen scoring rates on 4 and 5 
against the fourteen rates on 2 and 3, using the t-test for 
difference of means (twenty-six degrees of freedom, single- 
tailed) We obtain P=2x10-! This probability 1s 1ndepen- 
dent of that quoted above for the third effect 

Thus, 1n sp:te of overwhelming statistical support 1n tests 
(3) and (4), the overall target frequencies rule out the simple 
model of a change of target "1"s into "4"s and "5"s An 
obvious modification of the model, however, would suppose 
that the target sequence was stacked in ‘advance with an 
excess of “1s and a deficit of "4"s and "5"s ın order to 
conceal the manipulations planned This would explain 
the results of all four tests above More specifically, it pre- 
dicts two further effects (5) high scoring rate on 4, 5, 
lower but still appreciable rate on 1 , no significant score on 
2, 3, (6) 1n row 1, no tendency for cell 1 to exceed cells 2 
and 3 In Table 2 we give the evidence on prediction (5) 


i — —— Ó— —— 


Table 2 Sitting 16, Successful Agents 





Symbol Hits Expected Deviation 
1 20 95 +105 
2 20 165 +35 
3 19 170 +20 
4 33 147 +183 
5 26 104 +156 


For the final prediction (6), the figures for cells 1, 2 and 
3 are, respectively, 20, 12, 22 , these clearly fit the prediction 

Moreover, the model accounts for all the observations, 
including the “ESP” score, within the limits of reasonable 
sampling variation (taken as +20) On the other hand, 
the data are not sufficiently plentiful for the success of these 
predictions to add significantly to those numbered (3) and (4) 

We therefore searched for other occurrences of the highly 
specific effect (3) in the Soal-Goldney data Two cases stood 
out very clearly sitting 8 and the first three runs of sitting 17 
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Table 3 gives the matrix for these runs pooled and Table 4 
shows the analysis corresponding to Table 2 





Table 3 Target/Guess Matrix Sitting 8 and First Three Sheets of 
Sitting 17 


Guesses 1 2 3 4 5 ^ Total 
Targets 
1 





26 23 34 0 2 85 
2 15 18 14 16 ^ 15 78 
3 18 16 21 22 13 90 “ESP” score 147 
4 14 8 9 46 17 94 
5 15 10 15 9 36 85 


Total 88 75 93 93 83 432 
LP OE Rope MU EU t m i 
Most of the data for Table 3 were obtained with the 
counters method of target production Because this gave 
slightly imperfect randomization we do not quote exact signi- 
ficance levels But the pattern 1s clear exactly the same 
effects (5) and (6) are seen as 1n sitting 16 These are fully 
independent of the search criterion (3) and amount to 
striking confirmation of the model 
Can these findings be attributed to capricious behaviour 


by ESP? Because ESP has no well established properties 
this alternative cannot be categorically refuted But any 
such hypothesis has to face several difficulties First, the 


observed anomalies appear 1n terms of digit symbols, whereas 
the ESP taskewas defined 1n terms of letter symbols, the code 
linking the two being changed every fifty guesses Second, 
the anomalies appear with a consistent pattern 1n three differ- 
ent sittings and with two different agents. Third, the effects 
correspond to G A 's observation and are found 1n the sitting 
in which she reported it. 


a o 


Table 4 Sitting 8 and First Three Sheets of Sitting 17 





Symbol Hits Expected Deviation 
1 26 173 +87 
2 18 135 +45 
3 21 19 4 +16 
4 46 20 2 +258 
5 36 163 +197 


The feasibility of making the supposed alterations un- 
observed depends on the disposition of the team of four 
persons during the checkup In sitting 16, Soal’s contem- 
porary account reports that the one outside witness, B. P 
Wiesner, decoded the guess letter symbols into digits and 
called these out to Soal, who then recorded them beside the 
appropriate target digit Weisner was cnecked by G A 
Soal was observed, according to the report, only by R E., 
a regular “agent” in the experiments who later married Soal. 
Mrs Goldney was absent from this sitting, on war work 
There 1s no evidence that Goldney was involved in any 
manipulation of the data on the contrary, her evident desire 
to publish the full facts of the "G A allegation” argues 
against this. 

In all three of the sittings mentioned the targets were 
recorded by Soal, either at or before the sitting If he made 
his “1s very short their alteration into “4”s and “5”s (even 
*2"s or “3”s) would have been possible 

Finally, the facts that the original records were lost and 
that Medhurst's computer search failed to identify the 
target sequence add some further support to the manipulation 
hypothesis 

The effects described are confined to three sittings It 
could be argued that because the remaining thirty-seven sit- 
tings, which are independently significant, remain unexplained 
they must have involved ESP and hence that our explanation 
for the three sittings 1s-highly improbable, for no one would 
fabricate data if genuine results were coming 1n But 
conversely one could argue that the evidence for manipulation 
in the three sittings 1s overwhelming and hence the remaining 
results were very probably fabricated also, even if the method 
has not yet been identified (Possible methods have been 
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suggested by Price® and Hansel’, but see also Soal's replies" 
There may also be others never yet published) In our view 
it has not been convincingly demonstrated that any “normal” 
explanation of the remaining sittings 1s excluded The latter 
argument therefore seems the more rational one and we 
conclude that the present evidence substantially weakens 
the case for extrasensory perception, and in particular for 
precognition. A fuller account of these findings 1s being 
presented for publication elsewhere? 

We thank the Society for Psychical Research for permission 
to work on the records held in its archives, and Mrs Goldney 
and Dr D J West for assistance 1n data processing 
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The Soal-Goldney Experiments 


Scott and Haskell! have reported some formidable statistical 
evidence to support an allegation made by “G A”. She 
acted as agent in two of forty card guessing experiments 
conducted between 1941 and 1943 (ref 2) G A claimed that 
during sitting 16 she had seen Soal changing figures written 
in mk on a score-sheet “1” into "4" or “5” There are 
patterns in the data for this sitting, and two other sittings, 
8 and 17, which fit closely the hypothesis that the high 
Scoring was due to this manipulation. Scott and Haskell 
argue that the patterns in question cannot plausibly be 
attributed to ESP This ıs bound to raise doubts about all 
of Soal’s contributions to psychical research, but there are 
some questions not discussed by Scott and Haskell which 
should be raised 

How reliable 1s G A’s testimony? There are incon- 
sistencies 1n her statement and others have noted that she 
is not an accurate observer 

It is an understatement to say that there 1s no evidence 
that Goldney was involved in manipulation of the data 
It was she who investigated G A’s allegation before dis- 
closing it to Soal, and who disclosed from her contemporary 
records the specific claim whose implications Scott and 
Haskell have been testing They describe her actions too 
briefly when they say “Without informing Soal, Goldney 
and a colleague checked the original records ." Before 
sitting 17, Goldney wrote to Soal asking him to provide for 
her inspection all of the score-sheets for the previous sitting 
without giving any reason She had not asked to see the 
score-sheets after the several earlier sittings from which she 
had been absent It seems obvious that 1f Soal had employed 
the trick in question at sittings 8 and 16, Goldney’s request 
would have been a danger-signal, and he would not have 
repeated this trick at sitting 17 1n. Goldney's presence. At 
sitting 17 the targets were determined by selection of counters, 
and to use the same trick Soal would have had to misrecord 
numbers during the experiment, entering a large number 
of "l"s written conspicuously differently from his normal 
"]"s The latter are bold and' full-length and could not be 
changed into “5”s without it being obvious So I think 
we must suppose that if he practised this trick, Soal 
initially wrote short “1”s and during the decoding changed 
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all of them—to “4”s and *5"s or to his normal "1"s Is it 
credible that Soal would have done this at sitting 17, having 
received from Goldney what if guilty he would have recog- 
nized as a danger-signal? He could not rely upon Goldney 
not to watch him during the decoding or to inspect the target 
list before decoding and notice an unusual shortness of all 
the “1”s The fact that the statistical anomalies found in 
sitting 16 recur in sitting 17 seems to count rather strongly 
against the Scott and Haskell interpretation 

A computer analysis has shown that the high scores 
obtained in other sittings were not obtained by the trick in 
question, and has disclosed no other suspicious features in 
the data. In view of this, what one must weight against 
each other are, the improbabihty that Soal would have 
cheated ın the three sittings on the assumption that he was 
getting genuine results in the other sittings, and the probability 
that the other thirty-seven sittings were faked by methods not 
yet identified, on the assumption that the evidence for manı- 
pulation ın the three sittings is overwhelming Scott and 
Haskell opt for the latter But are they entitled to add 
"Possible ways ın which this [manipulation in the other sit- 
tings} might have been done have been suggested by Price 
and Hansel”? Surely not, for m order to explain several 
of the conditions ın which high scores were obtained, Price 
and Hansel had to, and did, suppose that the “percipient”, 
Shackleton, was an accomplice But ın that case it seems 
unintelligible that Soal should ever have resorted to the 
trick described by Scott and Haskell, as much safer methods 
of cheating were available If Soal used the trick in 
question ın the three sittings, we must assume that Shackle- 
ton was not an accomplice, 1n which case methods Whereby 
Soal could have manipulated the results in all the other 
sittings have not been formulated How, for example, can 
one explain sitting 28, when the target lists were prepared in 
Cambridge by C U Blascheck and posted to the observer, 
the late Professor C. A. Mace? He brought them to the 
sitting, handed one sheet at a time to Goldney, collected the 
guess-lists from Shackleton, and during the decoding and 
scoring stood behind Soal and Goldney and checked each 
step Moreover, the experimental conditions in sittings 8, 
16 and 17 were the same as in earlier sittings which had 
yielded high scores Assuming, as Scott and Haskell do, 
that Soal had successfully practised other methods of mani- 
pulation m these experimental conditions, how is one to 
explain their assumption that Soal introduced such a risky 
method at sitting 8 which was attended by two independent 
observers who were present for the first time, and repeated 
it at sitting 17, when, apart from Goldney’s presence, another 
independent observer was present for the first time? The 
Observers at these experiments were free to, and encouraged 
to, observe whatever they wished 

I submit that there are difficulties 1n making psychological 
sense of the hypothesis adopted by Scott and Haskell Such 
considerations are not, of course, conclusive, but they ought 
to be weighed before concluding that a scientist made a 
habit of cheating in his own experiments 
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Pursuit of Superalloys 


The Superalloys Edited by Chester T 
Sims and Wiliam C Hagel Pp xu+ 
614 (John Wiley New York and 
London, January 1973) £1325 


ONE of the significant gaps in metal- 
lurgical science 1s the inability to pre- 
dict the structure and properties of 
alloys from the bonding characteristics 
of the constituent elements In conse- 
quence, the technologists search for 
materials that will meet engineering 
service needs has to be based on what 
one of the authors of this book has 
called enlightened empiriasm There 1s 
no better example in metallurgy of the 
successful application of this approach 
than the development of alloys for jet 
engine and gas turbine components 
The scientific cynic might observe that 
the trade name for one of these alloys, 
‘Astroloy’, 1s not too far removed from 
astrology, but ıt demands an activity 
more purposeful than star gazing to 
produce an alloy that will withstand a 
stress of 20,000 ps1 for 100 h at tem- 
peratures near 1,100? C To be sure, 
dame fortune has smiled on the empir- 
cist by giving him the remarkable y! 
phase which has just the right character- 
istics, for example its accommodating 
tendency to increase its flow stress with 
temperature so that 1t peaks just 1n the 
range where the designer reeds strength 
most But the empiricist tnrives on bits 
of luck of this kind 

The standard text by Betteridge on 
the Ni-based alloys has served the 
metallurgical community well since it 
appeared in 1959, but advances in the 
subject have made a new treatment 
timely The present volume amply fills 
this role Indeed ıt does more because 
(t spreads its net more widely It is 
admirably comprehensive, covering as 
it does the Ni, Fe, Co, end Cr-based 
alloys Each of the twenty chapters 1s 
written by a different author It 1s not 
easy these days for publishers to find a 
single author of appropriate stature to 
allocate the time needed to generate a 
definitive text on an important subject 
The alternative, of breakmg the story 
down into pieces under different author- 
ship, can be a blueprint for disaster 
But in the case of the volume under 
review, the editors are to be congratu- 
lated on their achievements in securing 
an amalgam of contributions of uni- 
form style and treatment with a lack 


of unnecessary duplication (aside from 
some reiteration of dislocation strength- 
ening theories) and with a generally 
attractive presentation 

The metallography of these alloys has 
a strong appeal to anyone with artistic 
sensibility, and a rich store of inspira- 
tion for fabric and wallpaper designers 
resides in an atlas of microstructures 
of the superalloys The illustrations in 
the text do more than justice to these 
structures The student will find them 
admirably chosen to bring out clearly 
the characteristic morphology and dis- 
tribution of many phases that canerise 
He will also wish to equal in his own 
metallography notebook the quality of 
the carefully sketched diagrams of im- 
portant structures 

The volume begins with an excellent 
introduction that lays out the stringent 
service requirements for materials for 
engine components, and reviews briefly 
the range of alloys available and the 
properties currently achieved There 
follow detailed accounts of the metal- 
lurgy of the Ni-based alloys, Ni-Fe 
alloys, Co-based alloys and Cr-based 
alloys with a separate chapter on dis- 
persion strengthening Chemical stabi- 
lity, protective coatings and ail aspects 
of processing are thoroughly dealt 
with This readable and comprehensive 
seview of the current state of the art of 
development of alloys that must surely 
be regarded as the metallurgical super- 
stars prompts speculation on the scale 
of advance over the next decade, when 
the time might be ripe for a new text 
It 1s difficult to believe that a dramatic 
upward extension of the useful temp- 
erature range of the Ni alloys can be 
brought about, and the fluctuating for- 
tunes of the Cr alloys give them a none- 
too-bright future through their heredi- 
tary fault of being born body-centred 
cubic, with the associated tendency to 
brittleness and a distressing propensity 
to form assignations with nitrogen 

But the enlightened empiricists will 
not be deterred by such depressing talk 
of diminishing returns Metallurgy has 
wrought remarkable triumphs in its 
time and restlessly and optimistically 
strives to attain new heights Those 
who are minded to join the fray and try 
their hand at improving the superalloys 
would be well advised to consult the 
present volume first, for in it they will 
find a clear, concise and authoritative 
treatment of the present state of the art, 


which ts the springboard from which 
further advances will be achieved 
Even at £1325 the book could be a 
rewarding investment It should also 
be read by anyone, technologist, engin- 
eer, student or academic, whose educa- 
tion would be the poorer if he (or she) 
did not have some acquaintance with 
this exciting part of modern alloy 
development 
K M ENTWISTLE 


Psychocomputation 


The Computer in Psychology Edited 
by Michael J Apter and George 
Westby Pp xvi--309 (John Wiley 

London and New York, March 1973) 
£5 50 


THIS book is a compendium of ten 
essays by six different authors, loosely 
bound together by a foreword and a 
preface, to the effect that students of 
psychology ought to know something 
about computers and their present 
relevance to psychology. It is not, 
perhaps, a serious criticism of the book 
to say that the subject matter of each 
chapter might better be studied in a 
monograph devoted to that subject, 
there 1s much to be said for bringing 
together ın one place a set of intro- 
ductory articles to help the hard-pressed 
student identify what he ought to know 
about computers for his purposes One 
can imagine an enterprising publisher 
producing a whole series of books 
under the general title "The Computer 
in (Scient)ology” where the science in 
question could be anything from 
chemistry to literary criticism The 
first two chapters could be common to 
all the books, and would be (as they 
are in this book) entitled "An Intro- 
duction to Computers” and “An Intro- 
duction to Programming” respectively 
The third and fourth chapters on the 
use of computers for doing experiments 
would also have their counterparts in 
any such book, as would much of the 
material of part 2, entitled “Areas of 
Application” 

There 1s, however, a special reason 
why psychologists should be interested 
in computers—a reason which does not 
apply to the other sciences where com- 
puters are found so helpful. The 
reason 1$ that the human brain, which 
mediates the behaviour and generates 
the thoughts which psychologists study, 
1s 1tself a computer—indeed by far the 


~56 


most sophisticated computer known to 
exist Its principles of operation are 
obviously very different im many 
respects from those of man-made com- 
puting systems , but it 1s already clear 
that comparisons between the two can 
provide an immense intellectual stimulus 
to the precise formulation of psycho- 
logical theories The most interesting 
parts of The Computer in Psychology 
are those which recogmze this fact 
explicitly chapter 5, by Michael Apter, 
on “The Computer Modelling of 
Behaviour”, and chapter 7, entitled 
“The Computer in the Psychology of 
Language”, both emphasize the value 
of programmable theories of language 
and other types of behaviour , the same 
spirit informs the chapter by James 
Robinson on "The Computer in Clini- 
cal Psychology" The last chapter of 
the book, entitled “The Computer in 
Education and Training", 1s a business- 
like account of the present state of 
computer-aided — instruction—an art 
which ıs still m its infancy, but ıs likely 
to make rapid progress once we under- 
stand our own thought processes a 
good deal better 
CHRISTOPHER LONGUET-HIGGINS 


Birth of the Stars 


Stellar Evolution Edited by Hong-Yee 
Chui and Amador Muriel Pp xiv+ 
812 (MIT Cambridge, Massachusetts 
and London, June 1972) $15 


THE evolution of stars 1s the branch of 
astrophysics which we think we under- 
stand best For a long time we have 
had a good qualitative understanding of 
how observed properties of stars can be 
explained in terms of their mass, chemi- 
cal composition and age, provided only 
that nothing causes them to depart too 
far from spherical shape Our under- 
standing is best in the early stages of 
evolution, when a star radiates energy 
released by the conversion of hydrogen 
into helium in its interior, although the 
process of star formation 1s still 1mper- 
fectly understood 
There are both mathematical and 
physical difficulties in attempting to 
understand the final stages of stellar 
evolution, but they have been studied 
much 1n recent years for several reasons 
One is concerned with the origin of the 
, chemical elements If nuclear reactions 
in stars make a significant difference to 
the overall chemical composition of the 
Galaxy, ıt ıs necessary to discover what 
nuclear reactions occur in individual 
stars and how much matter they expel 
into interstellar space A second reason 
for studying late stages of stellar evolu- 
tion 1s that some of the most exotic 
objects 1n the Galaxy are believed to 
be formed then, these include*neutron 
stars, which are believed to exist in 
pulsars, and the so far unconfirmed 
black holes 
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Although we feel that we understand 
the early stages of stellar evolution, this 
belief has been shaken recently by the 
failure to detect a significant number 
of energetic neutrinos released by 
nuclear reactions near the centre of the 
Sun The number detected in a care- 
ful experiment 1s fewer than predicted 
by any apparently acceptable model of 
the Sun Even though theory and 
observation may be reconciled eventu- 
ally, we are forced to realize that it 
may be far easier to understand two 
observed surface properties of a star 
(luminosity and surface temperature) 
than to predict its complete interior 
structure 

This book contains the edited texts 
of lectures given at the 1969 Summer 
Institute for Astronomy and Astro- 
physics at Stony Brook, New York, 
which was devoted to the study of stellar 
evolution I am usually very critical 
of books which contain lectures by a 
wide vartety of authors, because they 
lack ethe coherence of a book by a 
single author However, this book 1s 
certainly very good of its type, dealing 
not only with the well understood 
aspects of stellar evolution theory but 
also with problems in an active stage 
of development 

There are several articles on early 
stellar evolution The book starts with 
a lengthy and clear account of normal 
stellar evolution by Iben A valuable 
feature of this article 1s his regular use 
of order of magnitude physical argu- 
ments and there is also a very detailed 
discussion of the solar neutrino prob- 
lem as it appeared in 1969 Demarque 
and Stothers discuss the early evolution 
of stars of ordinary mass and very high 
mass, respectively, and the main physi- 
cal processes in stellar interiors are 
described by Carson (opacity), Spiegel 
(transport mechanisms) and ‘Truran 
(nuclear reactions) 

As I mentioned earlier, there has 
recently been much study of the late 
stages of stellar evolution, particularly 
those leading to supernova explosions 
and their after effects Paczynsk: dıs- 
cusses one of the possible supernova 
models and Colgate and McKee explain 
why, in their view, the explosion of a 
star leads to a very high luminosity 
and not merely a high kinetic energy 
White dwarfs are certainly an end 
point of stellar evolution They used 
to be thought to be remnants of super- 
nova explosions but that seems less 
likely now, they are, discussed ın great 
detail by Ostriker Neutron stars and 
pulsars, which arg almost certainly 
supernova remnants, are the subjects of 
chapters by Cameron and Chiu, and 
Truran describes the nucleosynthesis 
which may accompany a supernova 
explosion 

Another valuable series of lectures 
are those by Mestel on problems of 
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stellar rotation, magnetic fields and star 
formation There 1s also a group of 
chapters on stellar stability and mass 
loss from stars, stellar stability by 
Baker, variable stars by Christy, close 
binaries and mass exchange by 
Paczynski, novae and shell instabilities 
by Rose In addition there are a few 
papers in categories of their own, 
relativistic stars by Thorne, intense 
magnetic fields by Chiu and Canuto, 
stellar coalescence by Cameron and 
horizontal branch stars by Philip 

Most of the subject of stellar evolu- 
tion 1s covered by the chapters i have 
mentioned It ıs impossible to discuss 
them all critically in a brief review but 
I am impressed by their general quality 
Although the subject has developed 
since 1969, this ıs still a worthwhile 
publication at a reasonable price I 
have only one minor grumble, the pub- 
lishers say that they photocopied type- 
script to enable the book to appear as 
soon as possible but even so it came 
out three years after the lectures 

R J TAYLER 


Insect Development 


Developmental Systems Insects Edited 
by S J Counce and C H. Waddington 
Volume 1 Pp xm+304 Volume 2 
Pp xm+615 (Academic Press New 
York and London, December 1972) 
£6 50 and £10 


INSECTS have provided and will con- 
tinue to provide ideal material for the 
study of all the processes of growth 
and development Their size ıs such 
that the relations between the final form 
and the cells by which it ıs built are 
often wonderfully clear to the observer 
This does not make the process of 
growth intelligible—but it constantly 
inspires the investigator with the feeling 
that given a little more knowledge 
everything could be understood The 
purpose of the book under review was 
to put a detailed account of what has 
been achieved with this material before 
developmental biologists ın general It 
would have been possible to provide an 
illuminating volume that would have 
covered the entire theme ın imaginative 
outline with details of selected topics 
where these might be particularly 
instructive But the ten contributors to 
Developmental Systems Insects seem 
to have been invited to prepare fully 
documented and detailed reviews of 
their topics The result ıs that the book 
has burst its bounds and divided 
amitotically into two volumes, and at 
the same time the topics covered have 
had to be severely restricted In the 
event, however, we have a series of 
highly competent reviews of certain 
fields of insect development 

Oogenesis in insects, reviewed by 
A P Mahowald, has Jong been an area 
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of polemical discord Solid advances 
have been made in recent years, notably 
with the electron microscope, and it 15 
interesting to find that the processes of 
transfer and synthesis of yolk compo- 
nents are so varied that virtually all the 
disputed claims of the past can now be 
justified Three sections, development 
of apterygote insects by C Jura, and of 
hemimetabolous and holometabolous 
insects by D T Anderson, contain 
representative descriptive accounts of 
all the classic embryology of insects 
It is valuable to have all this material 
so brought together The final chapter 
of Volume | deals with polyembryony 
in insects by O M Ivanova-Kasas— 
a fascinating subyect now fully reviewed 
for the first time 

The book as a whole is dedicated to 
Professor Friedrich Seidel who, with his 
numerous students, has been the chief 
architect of experimental embryology 
in insects Volume 2 opens with a 
150-page chapter in which S J Counce 
reviews in detail "the causal analysis of 
insect embryogenesis” It must be 
admitted that little has been added to 
the basic principles since Seidel's classic 
work in the 1920s and 1930s It is still 
a matter of "centres" the physiological 
activities of which are very uncertain 
The succeeding section by P A 
Lawrence is less concerned with com- 
pleteness than with ideas It provides 
a stimulating discussion of gradients in 
relation to differentiation C M Child 
battled for years for recognition of the 
importance of gradients—but without 
much success Gradients of what? As 
the review by Lawrence makes clear, it 
1s possible to define the laws of gradients 
without knowing the true nature of the 
phenomenon To discuss gradients of 
an imaginary something ıs no more and 
no less an invocation of the occult than 
as the idea of gravity— which, after 
nearly four hundred years, is still a 
useful concept 

Following upon the striking successes 
of E Hadorn's researches, the study of 
the imaginal disks of Drosophila 1s a 
popular theme It is well reviewed 
here by W J Gehring and R Nothinger 
W W Doane contributes 175 pages of 
text with nearly 1,400 references on the 
role of hormones in insect development 
My first reaction was that everything 
had been swept in, grain and chaff 
together But having read the whole 
section I have to admit that, although 
exhaustive and somewhat exhausting, it 
ıs informed throughout by critical 
judgment The book ends with a 
chapter by the second editor C H 
Waddington on the morphogenesis of 
patterns ın Drosophila This makes 
interesting reading, for much 1s based 
Waddington’s own early work and 
leads on to more recent developments 
from it 

Altogether this is a book that con- 


tains a great deal that 1s of value—but 
it does not have the unity of a work of 
art V B WIGGLESWORTH 


Fruit Fly Populations 


Behavioural and Ecological Genetics a 
Study in Drosophila By P A Parsons 


Pp vwit223 (Clarendon Oxford, 
Oxford University London, March 
1973 ) £6 50 


THis volume comprises a survey of 
recent work, with various species of 
Drosophila, which has provided evi- 
dence of genetic differences 1n behaviour 
and reaction to environmental con- 
ditions Both field and laboratory 
studies are covered The behaviour 
section deals with such topics as the 
effects of polygenic variation on 
behaviour traits as indicated by diallele 
crosses or selection for changes 1n geo- 
taxis or mating speed The second part 
IS concerned with the evidence for 
genetic variation within and between 
populations ın reaction to different kinds 
of environmental stress, laboratory 
studies on competition and the effects of 
genetic heterogeneity of various kinds 
on population growth, inversion poly- 
morphism, the characteristics of mar- 
ginal and central populations and also 
the contribution of behavioural and 
ecological differences to genetic isola- 
tion The last section, although referred 
to as a synthesis, continues the story in 
terms of species distribution, inter- 
specific competition and a ciscussion of 
the “adaptedness” of populations 

The literature survey 1s quite com- 
plete up to mid-1971, so this book 
serves a useful purpose as a source of 
references and a guide to the wide 
variety of genetic problems ın ecology 
and behaviour which can be profitably 
studied with the aid of appropriate 
species of Drosophila 

The treatment of the material suggests 
that summaries of papers have played a 
large part in the compilation The 
author very properly stresses the diffi- 
culties in defining adequate measures of 
the fitness of individuals and the 
“adaptedness” of populations, but one 
could go further Given the frequent 
underestimation of the ecological com- 
plexity of the laboratory Drosophila 
culture, the often limited generality of 
measures of competition, inter-genotype 
interaction. and so-called facilitation, 
which are all readily influenced by the 
particular conditions of the laboratory 
test as well as the genotypes which 
happen to be available. together with 
the frequent absence of adequate tests 
of repeatability,“ ıt would seem 
reasonable to encourage a robust 
scepticism, especiaily with regard to 
extrapolation to the even less under- 
stood natural situations One suspects 
that, whatever the fashionable model, 
there would be no shortage of data 
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which appeared to support ıt When 
the interpretation of many experiments 
in ecological genetics ıs debatable ıt 1s 
premature to expect any author to pro- 
vide a confident synthesis But in that 
case it 1s all the more necessary to 
strike a probing, analytical attitude, 
otherwise the inexperienced reader will 
certainly be tempted to overestimate the 
number of problems which have been 
satisfactorily disposed of It is probably 
significant that the book begins and ends 
with a reference to the remarkable 
Drosophila fauna of Hawan which is 
beginning to yield up some of its evolu- 
tionary secrets as a consequence of a 
comprehensive, comparative study of 
many aspects of ecology and behaviour 
in both laboratory and the field. Inte- 
grated studies of this kind are needed 
for other groups of species which occur 
nearer home. 
F W ROBERTSON 


Neutron Scattering 


Chemical Applications of Thermal 
Neutron Scattering Edited by B T M 
Willis Pp xiv+312 (Oxford Um- 
versity London, March 1973) £950 


ALTHOUGH the opportunities for carry- 
ing out experiments ın neutron scatter- 
ing are few, and likely to remain so be- 
cause of the expense of intense sources 
of neutrons, 1t is evident from this book 
that the rewards for perseverance are 
inimense 

Dr Wiliss book brings together 
twelve chapters written at an advanced 
level by individual experts The first 
two consider basic theory and experi- 
mental technique and the succeeding 
ten provide a very up-to-date picture of 
what can be achieved by neutron beam 
studies in different branches of “chem- 
istry” Among the topics are molecular 
spectroscopy, polymers, liquid, glasses 
and non-stoichiometric compounds It 
might be argued that some of these 
chemical applications have a decidedly 
physical flavour, but 1t ıs clearly evident 
that neutron scattering, like other good 
physical techniques, has now reached 
the stage at which it 1s in essential use 
by chemists In view of the fundamental 
possibilities which the neutron provides 
this use 1s already overdue and it 1s 
often forgotten that, as a diffraction 
technique, neutrons are now half as old 
as X rays 

The book arises from a series of lec- 
tures given at a Harwell Summer School 
and the editor 1s to be congratulated on 
having welded together his contribu- 
tions with a coherence which 1s unusual 
in this kind of compilation The sym- 
bajism and mode of theoretical approach 
which is set by the basic introductory 
chapter 1s faithfully followed by the later 
contributions This’ greatly increases 
the value of the book to the non-expert 
and will permit him to learn a good deal 
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from a direct straight reading Two 
short appendices which explain the 
much-used concepts of the Dirac 6- 
function and the Fourier transform are 
very worthwhile Each chapter is well 
referenced up to 1971, and occasionally 
into 1972, and there are author and 
subject indices 
The book appears at an opportune 
moment when the Science Research 
Council has taken a third share in the 
Franco-German high-flux reactor at 
Grenoble and will have served a valu- 
able purpose if it encourages British 
chemists to make use of the instruments 
which are now available to them there 
G E BACON 


Electrons and Holes 


Point Defects in. Solids Volume ] 
General and Ionic Crystals | Edited by 
James H Crawford, jun , and Lawrence 
M Shfkin Pp xv+556 (Plenum 
Press New York and London, 1972) 
$43 


THERE are several stages in the excita- 
tion of electrons in ionic crystals, ranging 
from the closely bound electron-hole 
pair (exciton) to the complete separation 
of electrons and holes In the pure crys- 
tal the electron, if it 1s free for sufficient 
time, may contribute to conduction The 
transport occurs, however, not by a 
relatively free and simple particle but 
by a “quasi-particle” comprising the 
electron and its associated cloud of 
polarization The properties of polarons 
—electrons plus a pattern of ionic dis- 
placements—require a detailed know- 
ledge of the interaction between elec- 
tronic and vibrational excitations 

At sufficiently low temperatures the 
hole may immobilize itself by the polari- 
zation which it creates, producing a 
characteristic ESR spectrum The whole 
phenomenon of the self-trapped hole 1s 
the more readily observed if there are 
deliberately added electron traps to give 
a sufficient hole lifetime 

Localization of electrons and holes 
also occurs at a wide variety of crystal 
imperfections—point defects, impurities 
and complexes involving either or both 
categories The spectroscopy of these 
centres has reached a high level of 
sophistication It covers electronic, spin 
and vibrational excitation of the centre 
and their interaction with the rest of 
the crystal The techniques include 
those of unidirectional externally 
applied perturbations, such as electric, 
magnetic and stress fields, to determine 
the symmetry of the wave functions—a 
crucially important aspect of relating 
the structure of the defect to tts atomic 
environment In addition oscillatory per- 
turbations have allowed complex modu- 
lation spectroscopy to be used both for 
microwave and optical spectra 

The electron centres are probably 
best known They include the F centre 


(electrons localized at halogen vacancy) 
and the M centre (electrons localized at 
an associated pair of halogen vacancies) 
The hole centres were first thought to 
be complementary but have turned out 
to be quite different They occur with 
extra halogens and uniaxial relaxations 
along the rows of halogen ions, the 
entity is a many-body collation of re- 
laxed ions 

It 1s clear from the foregoing that the 
control of defects must be important It 
is achieved by heat treatment to produce 
departures from stoichiometry, by the 
addition of differently charged substi- 
tuted {aliovalent) tons (for example 
Sr** for Na? produces a further Nat 
vacancy) and by controlled irradiation 
The defects and complexes have sym- 
metries because of where they are 
situated in the lattice and these may be 
studied by relaxation methods—in an 
electric field (dielectric relaxation) or in 
a stress field (anelastic relaxation) These 
relaxation processes of complexes pro- 
vide ethe microscopic mechanisms for 
larger scale mass transport (diffusion) 
studies 

Electrons trapped at such defects may 
give rise to very sharp absorption and 
emission spectral lines, as well as the 
associated (commoner) bands The zero- 
point uncertainties in the electronic 
states give a probability of a transition 
unbroadened by lattice vibrations (the 
zero-phonon spike, physically similar 
to Mossbauer y-ray spike and band) 

Underlying the whole subject 1s the 
knowledge of defect motion from the 
study of ionic conductivity at high tem- 
peratures, which is really where it all 
began The tons needed space in which 
to move and intrinsic high temperature 
defects were adduced by Frenkel and 
Schottky to provide that space The masg 
diffusion already referred to 1s also 
closely related to the ionic conduction 
process 

The subject is, therefore, a fascinating 
interplay of widely differing experi- 
mental and theoretical techniques The 
present volume—the first of three setting 
out to provide a comprehensive discus- 
sion of the state of knowledge about 
point defects in solids—deals primarily 
with the subyect outlined above, with a 
chapter on the statistical thermo- 
dynamics of defect formation and 
motion which provides a background for 
the whole series 

From the early days of the Gottingen 
work, advances have occurred, time and 
time again, as a resujt of carefully con- 
ceived experiments carried out with 
great sophistication on well charac- 
terized and controlled crystals This 
comes through very clearly ın the dif- 
ferent sections Tbé sympathetic sup- 
port of a number of theoretical physi- 
cists has led to the standard modern 
theory having been part of the jargon 
of the subject for a long time An ın- 
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creasing physics interest in the field, 
apart from the desire comprehensively 
to understand a few «simple crystals, is 
that ıt provides well defined experimen- 
tal situations where theorists can test 
many-body approximations in systems 
with chosen degrees of coupling 

There is a remarkable continuing 
interest in this classic field of modern 
solid state physics and the present—- 
expensive -volume will be a necessary 
addition to any library concerned with 
physics The articles are well and 
authoritatively written and I would ex- 
press only minor disappointment at the 
omission from so fine a volume of a 
discussion of the optical pumping va 
excited F-centre states and of the tun- 
nelling phenomena between F centres 

E W J MITCHEIL 


Medicinal Plants 


Pharmacogiaphia Indica By William 
Dymock, C J H Warden and David 
Hooper Pp 546 (The Institute of 
Health and Tıbbı Research under the 
auspices of Hamdard National Founda- 
tion Pakistan, 1972) Pak Rs 220, 
US$20 


THis book has now been reprinted 
largely under the aegis of UNESCO 
following an international symposium 
on medicinal plants held in Peshawar in 
1960 This is still the classical work of 
reference on the medicinal plants of the 
Indo-Pakistan subcontinent — Origin- 
ally in three volumes, the Pharmaco- 
graphia has now been produced in one 
volume by offset printing and the pro- 
duction is very good Dymock and his 
colleagues, Warden and Hooper, pro- 
duced these volumes in 1890 largely 
based on the smaller work relating to 
the medicinal plants of Western India 
and the drugs sold in that great drug 
market of the Bast, Bombay, produced 
in 1883 by Dymock Dymock and his 
co-workers produced a great work of 
scholarship on the drugs and medicinal 
plants of India which up unti] then had 
been scattered through books and 
periodicals in many languages, but in 
addition where they appeared deficient 
in information they performed original 
Investigations particularly towards 
elucidating the chemical composition 
and the physiological action of the 
plants and drugs In this highly scien- 
tific work, however, Dymock felt that 
certain plants long used in India and 
of historica] and mythological interest 
also had to be listed although they had 
hitle or no medicinal activity The 
book is therefore a fascinating hotch- 
potch of superstition and science and 
not a little poetry It is, of course, the 
intention to bring the work up to date 
but the editors and publishers are to be 
congratulated on bringing a rare work 
into more general circulation 
EDWARD HITCHCOCK 
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Lunar Conductivity 


Sir,—Your geomagnetism correspond- 
ent! commented on the problem of lunar 
conductivity where he reviewed the 
current status of the problem of inver- 
sion of lunar magnetometer data into a 
profile of the bulk electrical conduct- 
ivity Hus statements tend to centre only 
on the recent work of Hobbs? where the 
uniqueness of lunar data ıs discussed ın 
terms of the Backus-Gilbert resolution 
cnterion^? Both the comments in 
Nature and those of Hobbs are based on 
our very first preliminary report?, now 
over two years old, of the lunar transfer 
(response) function and the inversion 
resulting from these data Thus, the 
comments in Nature completely bypass 
our later reports^* which extend the data 
both 1n accuracy and bandwidth as well 
as making use of a theory in the inver- 
sion. which includes higher magnetic 
multipoles of the fields The discussion 
in Nature and that by Hobbs, both of 
historical interest only, unfortunately do 
not give the background upon which our 
publication of the conductivity spike was 
based In that work, there was some 
evidence that the transfer function 
“tolled over” beyond a frequency of 
about 001 Hz In addition, the basalt 
lunar rock conductivity work published 
by Nagata et al?, when used together 
with published values of typical ultra- 
basic rock conductivity, provided a 
smooth temperature profile The latter 
must be regarded as a key element in 
our early conclusion since the existence 
of the “rollover” phenomenon forced 
our solutions towards a "spike" irrespec- 
tive of a variety of starting conditions 
in the iteration The importance of this 
can best be understood when it 1s noted 
that in Hobbs's calculations the iterations 
and resolution tests are restricted to an 
upper bandwidth limit of 001 Hz, 
exactly where difficulty ensues in fitting 
a monotonic conductivity function to 
the data The spike can thus be avoided 
by the use of dipole (or long wavelength) 
theory, and the combination of ultra- 
basic and Nagata-basalt conductivity 
functions which Jed to the conclusion 
that a conductivity “spike” exists in the 
lunar mantle 

If Hobbs had used our later data, 
published well before his paper and over 
the full frequency’ range he should 
have reproduced our results showing 
that higher order magnetic multipoles 
are responsible for the prominent “roll- 


over" in the lunar transfer function, that 
the higher order theory is indeed 
required in iteration, and that we had 
already produced models which are 
bounded by the  Backus—Gilbert 
criterion 

The latter is no panacea for testing the 
uniqueness of lunar magnetometer data 
Indeed, for the*very limited resolution 
presently available, a strong argument 
can be made that better intuitive physical 
insight 1s gained by considering a spec- 
trum of electrically equivalent models, 
just as we did Further Backus-Gilbert 
calculations carried out by us even 
earlier than the generation of ous pre- 
sent model spectrum (unpublished) show 
no disparity with the set consisting of 
two-layer, three-layer, four-layer, core- 
plus-current layer, and two-current layer 
models as determined by the residual 
mean square error difference between 
model forward calculations and the 
data, and the mean square average noise 
in the data itself"? 

The Backus-Gilbert criterion, exqui- 
site though it 1s, provides no intrinsic 
measure of confidence in the models 
beyond what we already have calcula- 
ted, considering the overall quality of 
the data, and perhaps even more criti- 
cal, the "goodness" of the theory which 
will always remain an external constraint 
upon the final model attained A more 
careful reading of the literature would 
show that, though the time for use of 
the Backus-Gilbert criterion. may be 
fast approaching, there is still consider- 
able work to be done to improve the 
inversion by inclusion of the full higher- 
order theory arising from cavity 
asymmetry, short wavelengths in the 
solar wind, separation of data according 
to propagation vector direction, and a 
host of smaller but nevertheless still 
germane problems In short, Backus- 
Gilbert tests are not required to show 
that the "spike", though still with us, 1s 
non-unique Finally, the Kuckes two- 
layer model?, or indeed any two-layer 
model, has already been shown by us to 
he outside the error tolerance of the 
data? " 

Yours faithfully, 


p C P SONETT 
Lunar and Planetary Laboratory, 


Univeisity of Arizgna, 
Tucson, Arizona 85721 
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Missing Magnitudes 
SiR,—The recent article on polypeptide 
configurational kinetics entitled “The 
Missing Magnitudes” (Nature, 243, 186, 
1973) 1s, we feel, premature in its con- 
clusions An explanation, based on 
sample polydispersity, of differences 
between the two ranges of molecular 
times inferred from experiments ıs 
inadequate One of us has recently 
fractionated poly-y-benzyl-L-glutamate 
(J B Milstein and J A Ferretti, Bio- 
polymers, m the press) The nmr 
spectra of sharp fractions exhibit a C-H 
proton peak doubling, ín direct contra- 
diction of results by Nagayama and 
Wada (Chem Phys Lett, 16, 50, 1972, 
and Biopolymers, ın the press) Thus 
the problem remains unresolved 

We assert that an explanation based 
on polydispersity cannot logically be ex- 
tended to comprehend the experimental 
chain length dependence of the double 
peaks Therefore, we would still main- 
tain that the origin of the nmr double 
peaks hes ın the existence of a slow 
nucleation time , in terms of our models 
this 1s the time for forming an initial 
a-helix from an all random coil mole- 
cule 

Even if this is not the finally accepted 
explanation of the nùr behaviour, a 
treatment of helix nucleation in chain 
molecules 1s requisite to a detailed under- 
standing of conformational kinetics 
Theories developed by Miller (Macio- 
molecules, 6, 100, 1973) and by Jerni- 
gan, Weiss and Ferrett: (Macromole- 
cules, 1n the press) should have applica- 
tions to time dependent properties 
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other than nmr behaviour Self- 
organization in proteins may possibly 
be understood through more developed 
versions of such theories 

Yours faithfully, 


JAMES A FERRETTI 
ROBERT L JERNIGAN 


Physical Sciences Laboratory, 

Division of Computer Research 
and Technology, 

National Institutes of Health, 

Bethesda, Maryland 20014 


W G MILLER 
Department of Chemustry, 
University of Minnesota, 
Minneapolis, Minnesota 55455 


Announcements 


Miscellaneous 


Professor J R Vane, Royal College of 
Surgeons, has been appointed a director 
of the Wellcome Foundation 


Errata 


IN the article “Distance Measurements 
across the Heimaey Eruptive Fissure" by 
J Brander and G Wadge (Nature, 244, 
496, 1973), line 6, paragraph 4, should 
read “ lines, we found that FE, =336 
ppm and E= —420 ppm, a 


In the article “Accurate Position of 
GX5-1 from Lunar Occultations", by 
J A Hoffman, P J N Davison and 
L V Morrison (Nature, 244, 347, 1973) 
the list of authors should have read in 
alphabetical order 








HOW TO BUY NATURE 


Reports and Publications 


not included in the Monthly Books Supplement 


Great Britain and Ireland 


SY The International System of Units Edited 
by Chester H Page and Paul Vigoureux — (Trans- 
lation approved by the International Bureau of 
Weights and Measurements of its publication “Le 
Systeme International d'Unites" )— (Department of 
Trade and Industry National Physical Laboratory ) 
Pp ix+47 (London HMSO, 1973) 63p net 


[256 
Energy Policy, Vol 1, No 1 June 1973 Edited 
by Dr John A G 'Thomas Pp 1-88 Published 
quarterly _ Annual subscription (four issues) £14, 
$3640 (Guildford, Surrey IPC Science and Tech- 
nology Press, Ltd , 32 High Street, 1973) [256 
Philosophical Transactions of the Royal Society 
of London B Biological Sciences Vol 26: o 
871 The Ordovician Fossil Lagynocystis pyramidalis 
(Barrande) and the Ancestry of Amphioxis By 
R S__ Jeffries Pp 409-469+plates 37-46 
(London The Royal Society, 1973) £3 30, ate 
2 
Department of Education and Science Provincial 
Museums and Galleries (A Report of a Committee 
appointed by the Paymaster General) Pp vu+92 
(London HMSO, 1973) £1 net [256 
Ministry of Agriculture, Fisheries and Food 
Fisheries Laboratory, Lowestoft Report of the 
Director of Marine Fishery Research for the years 
1969-1971 Pp 81 (Lowestoft, Suffolk Ministry 
of Agriculture, Fisheries and Food, Fisheries Labora- 
tory, 1973) [256 
Department of the Environment Fourteenth Pro- 
gress Report of the Standing Technical Committee 
on Synthetic Detergents Pp v+29 (London 
HMSO, 1973) 30p net (266 
A Naturing Democracy The Role of Broad- 
casting” By Charles Curran (Speech given to the 
National Liberal Club, London, 14 March 1973) 
Pp 23 (London BBC, 1973) [^66 
Department of Trade and Industry National 
Physical Laboratory—Materials Group Research 1972 
Pp xt+146 (London HMSO, 1973) £120 net 
[2 


The Cotton Silkk and Man-made Fibres Research 
Association, Shirley Institute Report and Accounts 
1971/1972 Pp 35 (Manchester Shirley Institute, 
1973) [276 


Cancer Research Campaign 50th Annual Report, 
1972 Pp 148 (London Cancer Research Cam- 
paign, 2 Carlton House Terrace, 1973 ) {276 

Centenary of the Huxley Building Personalities 
and Events ın the History of Imperial College By 
Dr C J Whitrow Pp 23 (London Publications 
Officer, Imperial College, 1973) [2 

Proceedings of the Royal Insh Academy Vol 73 
Section B No 7 The Effects of Contraction and 
Ischaemia on Creatine Phosphate and Adenosine 
Triphosphate in M  Semutendinosus of the Pig 
By J V McLoughun, P J V Tarrant and M G 
Harrington Pp 95-108 21p No 8 The Sub-Old 
Red Sandstone Surface in Southern Ireland By 

J P Doran, C H Holland and A A Jackson 


Pp  109-128--plates 9 and 10  39p (Dublin 
Royal Irish Academy, 1973) [296 
Courtaulds Report and Accounts 1972/1973 
Pp 24 (London Courtaulds Ltd, 1973) [296 
Republic of Ireland Annual Report of the 
National Drugs Advisory Board for 1972 Pp 360 


(Dublin 


National Drugs Advisory Board, 1973) 
25p [27 


NATURE VOL 245 SEPTEMBER 7 1973 


Smith Kline and French Foundation Tenth 
Annual Report, 1972 Pp (Welwyn Garden 
City, Herts Smith Kline and French Foundation, 
1973) I27 

The Lister Institute of Preventive Medicine 
Report of the Governing Body 1973 Pp 49 
(London The Lister Institute of Preventive Medicine, 
Chelsea Bridge Road, 1973 ) [27 


Other Countries 


Académie Royale de Belgique Annuaire 1973 
Pp 334 (Bruxelles Académie Royale de Belgique, 
1973) [256 

World Health Organization Application of the 
Inte-national Classification of Diseases to Dentistry 
and Stomatology (ICD-DA) Pp 114 (Geneva 
WHO, London HMSO, 1973) 16 Sw francs, £2, 
$4 80 [256 

Beyond Conflict or Compromise Human Progress, 
Environmental Protection and the United Nations 
Development Programme Pp 38 (New York 
UNDP, United Nations, 1973) $2 [256 

Publications du Centre National pour l'Exploita- 
tion des Oceans Sere Rapport Scientifiques et 
Techniques No 14 l’Exploitation de la Coquille 
Sairt-Jacques eu Japon Par Arnaud Muller-Feuga 
et Joel Querellou Pp 85 (Paris Centre National 
pour !’Exploitation des Oceans, 1973) [256 

Science Council of Canada Report No 20 
Canada, Science and Internauonal Affairs 
(Ottawa Information Canada, 1973) $125 [266 

Australia Commonwealth Scientific and Industrial 
Research Organization Annual Report of the Divi- 
sion of Fisheries and Oceanography, 1970/1971 
Pp 69 (Cronulla, NSW CSIRO, 1973) [266 

United Nations Centre for Economic and Social 
Information Youth and Population (Report of 
the Working Party on Youth and Population, 
Turin, 17-21 July 1972) Pp 48 (New York 
United Nations, 1973 ) [276 

Unesco Monographs on Oceanographic Metho- 
dology No 3 A Guide to the Measurement of 
Marine Primary Production Under Some Special 
Conditions Pp 73 (Parts Unesco, 1973) 12 
francs £1 $3 [276 

National Geographic Society Research Reports 
Abstracts and Reviews of Research and Exploration 
authorized under Grants from the National Geo- 
graphic Society during the year 1966 Edited by 
Paul H Oehser, under the direction of the Committee 
for Research and Exploration Pp x+321  (Wash- 
ington, DC National Geographic Society, 1973 ) 5 

[29 

Smithsonian Contributions to Zoology, No 125 
Behavior and Ecology of the Asiatic Elephant in 
Southeastern Ceylon By George M McKay Pp 
iv+113 (Washington, DC Smithsonian Institution 
Press, 1973 For sale by US Government Printing 
Office) $175 

United States Department of the Interior Geo- 
log cal Survey Professional Paper 789 Geo- 
chemistry of Lower Eocene Sandstones uin the 
Rocky Mountain Region By James D Vine and 
Elizabeth B Tourtelot With a section on Direct- 
Reader Spectrometric Analyses by Raymond G 
Havens and Alfred T Myers Pp iw+36 55 
cents Water-Supply Paper 1873-D Measurement 
of Salt-Wedge Excursion Distance in the Duwamish 
River Estuary, by Means of the Dissolved-Oxygen 
Gradient By W A Dawson and L J Tiller 
Pp 1-427 25 cents (Washington, DC Governo- 
ment Printung Office, 1972 and 1973) [296 

NORD:TA Nordisk Institut for Teoretisk 
Atomfysik Virksomhedsberetning Juli 1971- 
December 1972 (NORDITA Report) Pp 38 
(Ccpenhagen NORDITA, 1973) [296 


ar 


Editorial, Advertising and Publishing Offices of NATURE 
MACMILLAN JOURNALS LIMITED 


4 LITTLE ESSEX STREET, LONDON WC2R 3LF 


Telephone Number 


The cost of one year s subscription to NATURE is 


01-836 6633 


Telegrams Phusis London WC2R 3LF 


Telex 262024 


MACMILLAN JOURNALS LIMITED 
711 NATIONAL PRESS BUILDING 


UK & elsewhere US & Canada 


Nature (Friday) £16 
Nature & Nature Physical Science 
or Nature New Biology £24 
Nature New Biology or Nature 
Physical Science £10 

e 
All three editions £29 50 
Index (1972) £1 


(Charges for delivery by air mail on application) Subscribers in 
North America may be able to clatm a tax rebate against their 


NATURE subscription 


WASHINGTON DC 20004 


Telephone Number 202-727 2355 Telex 64280 


za Advertisement Department 
MACMILLAN JOURNALS LIMITED 
£33 4 LITTLE ESSEX STREET, LONDON WC2R 3LF 
Telephone Numbers UK 01-836 6633 USA 202—737 2355 
Subscription Department 
£15 MACMILLAN JOURNALS LIMITED 
* BRUNEL ROAD, BASINGSTOKE, HANTS RG21 2XS 
£44 Telephone Number Basingstoke 29242 
m 5 Classified advertisements 
£190 T G SCOTT & SON, LIMITED 
e 1 CLEMENT S INN, LONDON WC2A 2ED 


Telephone Number 01-242 6264/01-405 4743 
Telegrams Textualist London WC2A 2ED 


Registered as a newspaper at the Post Office 


© Copyright Macmillan Journals Limited, September 7 1973 


“~r 


NATURE SEPTEMBER 7 1973 XXI 





New ! 


Evolution und Ausbreitung der 
Blutenpflanzen 


Von Prof Dr ARMEN TAKHTAJAN, Leningrad 
Aus dem Russischen Etwa 208 Seiten, 20 Abbildungen, 1 Tabelle, 14,7 cm x21,5 cm, 1973 
Broschuretwa 20,30 M Order-number 531 8661 





This latest publication of the world-famous Soviet author represents without doubt a high point in 
the attempt to fit into one integrated overall picture the findings of the various scientific disciplines with 
regard to the origin, differentiation and distribution of angio-sperms The following subjects are dealt 
with at length in individual chapters the phylogenetic relations of floriferous plants to their supposed 
ancestors, the significance of genetic and ecological factors for the emergence of blossoming plants, 
an attempt to reconstruct the morphology and anatomy of the first angio-sperms, the origin of the 
monokotyls and their relationship to various dikotyl groups, the causes of the explosive propagation and 
divergence of the angio-sperms during the cretaceous period, the localisation of the place of origin of 
the angio-sperms, and the main paths of distribution, the differentiation of floras and the development 
of major flora regions during the cretaceous period and the tertiary age, as well as the geographical 
arrangement of recent vegetation The book is enriched by a systematic survey of floriferous plants, with 
a short characterization of the phylogenetically more important groups 


Bestellungen an den Buchhandel erbeten 


VEB GUSTAV FISCHER VERLAG JENA 


DDR-69 Jena, Villengang 2 Deutsche Demokratische Republik 
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Nature in the 
Urhan Landscape 


A Study of City Ecosystems 


Co-authored by Don Gill 
and Penelope Bonnett 


A timely new work on urban ecol- 
ogy Includes chapters on city 
ecosystems, planning for urban 
wildlife, and management of urban 
wildlife habitats Also detailed dis- 
cussions of two large cities — 
Los Angeles and its coyote popu- 
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SEARCH MANUALS 


lation — and London and ts 
integrated wildlife habitat 
209pp lius 1973 £500/$1200 


MERCURY 
A History of Quicksilver 
by Leonard J Goldwater 


"An incredible book! Massive in 
information, historically exhaus- 
tive, abundant in references 

This book should be :n every 
library good reading "— Choice 


318pp illus 1972 £625/$1500 


YORK PRESS publishers 


6803 York Rd, Baltimore, Md 21212/US A 


For further information write: 


“PDs. JOINT COMMITTEE ON . 
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1601 Park Lane; Swarthmore, Pa.19081 
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Macmillan Journals Ltd. announce a new publication 


Differentiation 


Research in Biological Diversity 





Editor D Viza 


Faculté de Médecine Pitié-Salpétriére, Pathologie Générale et Expérimentale 
105, Boulevard de l'Hópital, Paris 13e, France. 
Editorial Board 


E. J. Ambrose, R. Auerbach, J. Brachet, A Braun, D A. L Davies, B. Ephrussi, H. Holtzer, F. Jacob, N. K. Jerne, 
C Kafian, G Klein, Rita Levi-Montalcini, A Lwoff, R. G. McKinnell, C L Markert, Beatrice Mintz, C. Pavan, 
B Pierce, S. Spiegelman, G. Tocchin-Valentin, S Toivonen, D. Yaffe, T. Yamada. 


DIFFERENTIATION is a new bi-monthly journal devoted to the problem of biological diversification. Papers in this 
journal will focus on the differentiation of eukaryotes at the molecular level but the ambition of the journal 1s to cover 
biological differentiation and evolution from the sub-cellular level to species differentiation The Editors would welcome 
contributions 

The next issues of DIFFERENTIATION will contain the following papers. 

Studies on the maturation of immune responsiveness in the mouse M R. Shalaby and R Auerbach 


Cytochemical and biochemical studies on progesterone-induced maturation in amphibian oocytes 1. Ribonucleic acid and 
protein synthesis (effects of inhibitors and of a ‘maturation promoting factor’) E Baltus, J Brachet, J. Hanocq-Quertier 
and E. Hubert 


The synthesis of collagen and glycosaminoglycans by dedifferentiated chondroblasts in culture J R Schiltz, R Mayne and 
H Holtzer E 


Histochemical and enzyme digestion studies on neural induction in Xenopus laevis D. Tarin 


Subscription price: £15.00 (UK and rest of the world); £16.50 (USA and Canada). 
Single copies: £3 00 


30 
International Subscription Order Form 
O Please enter my name for one year's subscription to 
Differentiation I enclose remittance for £15 (£16 50 USA 
and Canada) We regret that no subscriptions can be 
serviced before receipt of the remittance 


O Please send me free specimen copy | 


Name 
Discipline 
Address 
* Postal/Zip Code 
. Signed : Date | 





e Return to Subscription Dept., Macmillan Journals Ltd , Brunel Road, Basingstoke, Hants., U K. | 
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Classified Advertisements 


CONDITIONS All advertisements. will only 
be accepted on the condition that the advertiser 
warrants that the advertisements do not in any 
way contravene the provisions of the Trade 
Descriptions Act 1968 and the Race Relations Act 
1968 The Publisher also reserves the right to 
refuse, amend, withdraw or otherwise deal with 
all advertisements submitted to him at his absolute 
discretion and without explanation. All advertise- 
ments must comply with the British Code of 
Advertising Practice 

The Publishers will not be liable for any loss 
occastoned by the failure of any advertisement to 
appear from any cause whatever, nor do they 
accept liability for printers’ errors, although 
every care is taken to avoid mistakes 
Semi-displayed £7 50 per single column inch 
Minimum £4 50, each additional |/IOth of an inch 
75p Full page £202 00 Half page across £106 00 
25p is charged for the re-direction of replies to 
advertisements with a box number 
ADVERTISEMENTS SHOULD BE ADDRESSED 
TO T G Scott and Son, Limited, | Clement's Inn, 
London, WC2A 2bED Telephone 01-242 6264 
Telegrams Textualist, London, W C 2 





APPOINTMENTS VACANT 


YORK. UNIVERSITY 
Toronto, Canada 


CENTRE FOR RESEARCH IN EXPERIMENTAL 
SPACE SCIENCE 


POSTDOCTORAL PROJECT SCIENTIST 


FOR RADIATIVE TRANSFER STUDIES IN 
MOLECULAR ATMOSPHERES 


Applications are invited for a postdoctoral project 
scientist posiuon for work on radiative transfer in 
molecular atmospheres using — computer-oriented 
synthetic spectral methods Candidates should have a 
good knowledge of molecular spectroscopy and radia- 
tive transfer theory and be experienced in program- 
ming and the use of computers 

Applicants should send a curriculum vitae and the 
names and addresses of at least two referees to 
Professor R W Nicholls, Director, Centre for 
Research in Experimental Space Science, York Uni- 
versity, 4700 Keele St , Downsview, Ontario M3J 1P3, 
Canada from whom more information may be 
obtained (488) 


FACULTY OF MEDICINE 


MEMORIAL UNIVERSITY 
OF NEWFOUNDLAND 


Applications are invited for the position of 
ASSOCIATE DEAN of BASIC MEDICAL 
SCIENCES at Memorial University in St John's, 
Newfoundland 

The person appointed would be expected to assist 
in developing the general policies and areas of 
emphasis of the Medical School and, in particular, 
the Basic Sciences, ensuring that these policies are 
reflected in faculty recruitment and other activities 
Preference will be given to candidates who have had 
considerable research and admunistrative experience 

The duration of the appointment will normally be 
for a period of three years The post will carry an 
appropriate academic rank and tenure in accordance 
with university regulations Salary will be accord- 
ing to qualifications and experience 

Applications, accompanied by a detailed curricu- 
lum vitae and the names of three referees, will be 
received until November 15, 1973, by either Dean 
Ian E Rusted or Dr B H Sells, Selection Com- 
mittee, Faculty of Medicine, Memorial University. of 
Newfoundland, St John's, Newfoundlard, Sanada 

544 








UNIVERSITY OF WALES 


THE WELSH NATIONAL SCHOOL 
OF MEDICINE 


Department of Haematology 
SCIENTIFIC OFFICER 


A Biochemist with experience in protein synthesis 
is required to join a unit studying the characterization 
and synthesis of iron contaimng proteins by 
mammalian cells Salary will be 1n the range £1,566 
to £2,370 per annum or £2,613 to £3,375 according 
to age, qualifications and experience 


Further details available from the Registrar, The 
Welsh National School of Medicine, Heath Park, 
Cardiff CF4 4XN (539) 





MEMORIAL UNIVERSITY of Newfoundland — 
Applications are invited for a faculty position now 
open in Electron Microscopy Responsibilities ın- 
clude daily supervision of the EM Unit, independent 
and collaborative research, limited teaching Rank 
and salary negotiable Interested persons send 
curriculum vitae and 3 references to Dr C Pfeiffer, 
Faculty of Medioine, Memorial University of New- 
foundland, St John’s, Newfoundland, Xx au 

¢ 


IRELAND 
HONOURS GRADUATE IN ZOOLOGY 


There is a vacancy for 


Assistant in the Natural History Division in the National Museum 
The work includes the care and maintenance of specimens on exhibition and in 


reserve, and affords wide scope for research 


Essential: 


A first or second class honours University degree (by 31/12/73) 


in Zoology or an equivalent qualification , satisfactory knowledge of 


the Irish language 
Salary: 
(married men) 


£1,689 rising to £2,660 (women and single men) and to £3,260 


Non-contributory pension Widows and orphans pension 


Maximum age-limit* 35 years 


CLOSING DATE: 4th OCTOBER 1973 


For application forms and further detatls write to 


The Secretary (Z/N), Civil Service Commission, 
45 Upper O'Connell Street, Dublin I, Ireland. 


INSTITUTE OF CLINICAL RESEARCH 
MIDDLESEX HOSPITAL MEDICAL SCHOOL 


RESEARCH ASSISTANT/ 
TECHNICIAN 


A Research Assistant/Technician 1s required for a 
new project involving the measurement of radio- 
immunoassay of hormones relevant to arterial hyper- 
tension Previous experience desirable Puease apply 
to The Secretary (N), Institute of Clinical Research 
32-48 Hanson Street, London, W 1 (531) 





POSITIONS OPEN 


THE UNIVERSITY OF CHICAGO 
DEPARTMENT OF ANTHROPOLOGY 


seeks for possible appointment at any evel, can- 
didates for creative research and imagina.ive teach- 
ing ın physical anthropology (human evolution, 
human biology, biological bases of behaviour, com- 
parative primate studies, other) ince Ls charter, 
the principle of the University has been to appoint 
without regard to race, religion, sex, or national 
origin Candidates desiring consideration should 
send vita and documents demonstrating distinction 
or potential for distinction to Chairman, 1126 East 
59th Street, Chicago, IL 60637 (543) 





CROSS INFECTION REFERENCE 
LABORATORY 


We have two vacancies for 


TECHNICIANS 


one in the Streptococcus Laboratory, the other in 
the Pseudomonas Laboratory Applicants with Uni- 
versity degree, Institute of Medical Laboratory 
Technology qualifications, or relevant experience an 
advantage Salary according to qualifications and 
experience National Health terms and conditions of 
service and superannuation 

Applications to Personnel Officer, Central Public 
Health Laboratory, Colindale Avenue, London NW9 
SHT, stating age, qualifications and exper ence and 
names and addresses of two referees (541) 


FANCY A CHANGE 


We have vacancies galore at every grade in 
the scientific field, including marketing 


For further details, write or telephone 
WALBROOK APPOINTMENTS 
116 HIGH HOLBORN, LONDON, W C2 
Tel 01-405 8787 
9 (3) 











in schools, colleges and institutes 


INSTITUTE OF CONNECTED EDUCATION 


offer prizes for research m pure general stience 
disciplinary sci@nces, or 1f and how all sciences are interconnected Main object 
of the Institute ıs to create and sponsor the acceptanee of a course of this nature 


For further information please apply in writing to The Secretary, Institute of 
Connected Education, 28a Cadogan Place, London SW1X 9RX. 


(554) 





| 
CARDIFF 


University of Wales Instituta of Science and Technology 


RESEARCH ASSOCIATE 
APPLIED PHYSICS 


with good honours degree in relevant subject 
and PhD or equivalent—required to work on 
the transport theory of tunnelling and its appli- 
cation to semiconductor devices problems ' 


Salary Ist year, £1,929, 2nd year, £2,058 
with FSSU 


Requests for details and application form 
(returnable by September 28 1973) to Personnel 
Section, UWIST, Cardiff CF! 3NU 

(542) 


WOLVERHAMPTON HOSPITAL 
MANAGEMENT COMMITTEE 


RADIOTHERAPY 
CENTRE 


ASSISTANT PHYSICIST (Honours Gradu- 
ate) required Post provides experience in 
Cobalt 60, X-ray and isotope therapy and in 
radio-isotope tracer studies Previous hospital 
experience desirable Whitley Council salary 
scale according to qualifications and experience 


Applications with full details and names of 
two referees to the Secretary The Royal Hos- 
pital, Wolverhampton, within ten days of the 
appearance of advertisement (540) 








That 1s, research in inter- 


(538) 
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IRELAND 
BIOCHEMIST-PRINCIPAL GRADE 


under the following Health Boards— 


(a) South-Eastern, (b) Mid-Western 
Salary for each office: £3,039—£4,051 
Essential: MSc in Biochemistry or Physiological Chemistry or equivalent and 


five years experience in clinical biochemistry and/or chemical pathology in the 
laboratory of a hospitál or allied institution 


Latest date for receiving completed application forms 
3rd October 1973 


For application forms and further particulars write to 


Secretary, Local Appointments Commission, 45 Upper 
O'Connell Street, Dublin I. 


(553) 


North East London 
Polytechnic. 
Applicátons are invited for the post of 


Research Assistant 
in Microbiology 


Required as soon as possible—a research assistant to work on one of the following topics — 
(a) mode of action of antibiotics, 
(b) algal antibiotics, 
(c) microbial ecology 
The person appointed must (a) be eligible to register for a higher degree, and (b) carry out six 
hours per week teaching 
Salary £1320 x £55(3) to £1485p a incl 
Further details and application form may be obtained from 
The Academic Staffing Officer, ref S/CF 120, 
North East London Polytechnic, 
Forest Road, London, E17 4JB Tel 01-527 2272 
For return by 17 September 1973 


Research Leader 


Pharmacology 
Ware 


This ıs a new appointment in our team doing research work on the central nervous 
system The work will involve controlling a team of graduate and technical staff, 
initiating and implementing new research programmes and in particular investigating 
mechanisms of action, through which analgetic drugs mediate their effects in the 
central nervous system 


The post would be suitable for either pharmacologists with about 4 years' post- 
graduate experience, or recently qualified Ph D s 


This is an exciting career opportunity in a growing and successful organisation. Our 
new laboratories are situated at Ware, a pleasant rural Hertfordshire town about 
20 miles north of London An excellent starting salary will be offered together with 
other attractive fringe benefits, including a share in the profitabyity of the Glaxo 
Group Assistance with relocation expenses will be given 
Please write giving brief relevant details quoting ref U 354 to 

G. Jones, 

Personnel Officer, 

Allen & Hanburys Ltd., 

Priory Street, 

*| Ware, 
Hertfordshire 






UNIVERSITY OF DUNDEE 
LECTURESHIP IN ZOOLOGY 


Zoologits with experence ın Vertebrate 
Physiology are invited to apply for Lectureship 
in Zoology in the Department of Biological 
Sciences 

Salary scale £1,929 to £4,548, with placing 
accord.ng to qualifications and experience 


FSSU, grant towards removal expenses 


App'cations (6 copies—overseas 1 copy), 
quoung reference Est/64/73J and containing the 
rames and addresses of three referees, should 
te sent by September 28, 1973, to The Secre- 
tary, The University, Dundee DDi 4HN, from 
whom further particulars may be obtained 

(527) 


MACQUARIE UNIVERSITY 
SYDNEY, AUSTRALIA 


SENIOR LECTURER/LECTURER 
IN CHEMISTRY 


Applicanons are invited for the above-mentioned 
appointment—School of Chemustry—preference will 
be given to candidates with experierce in the field 
of organo-metallics and with a proven competence 
im structure determination by X-ray diffracuon 
methods The position is tenable not before June 
1974 Later dates of entry may be arranged in 
special cases 

Salaries will be within the ranges $A12,268 with 
five annual increments to $A14,308 per annum for 
a Senor Lecturer $A8,698 with seven annual 1m- 
crements to $A11,982 per annum for a Lecturer 

Furthe-  informauon about the University and 
advice regarding the method of application should 
be obtained from the Secrctary-General, Association 
of Commonwealth Universities (Appts), 36 Gordon 
Square, London WCIH OPF, or from the Registrar, 
Macquarie Unversity, North Ryde, NSW 2113, 
Australia 

Applications close on September 28, 1973 (547) 





UNIVERSITY OF READING 
DEPARTMENT OF MICROBIOLOGY 


RESEARCH DEMONSTRATOR 


Applicants should be graduates in microbiology 
with a main interest in bacteriology The appoint- 
ment 1s for 3 years from October 1, 1973 and 
caries a salary of £1,047 by £51 to £1,149 per 
annum The Demonstrator is expected to assist in 
the practical class up to a maximum of 8 hours 
per week during term and to engage in research 
leading to a higher degree 

Applications, together with curriculum vitae and 
the names of 2 referees, should be sent to Dr 
R M = Keddie, Department of Microbiology, Uni- 
versity of Reading, London Road, Reading RGI 
5AQ (Ref TN50) (549) 


UNIVERSITY OF GLASGOW 
DEPARTMENT OF CHEMISTRY 


Applications are mvited for a Postdoctoral Research 
Assistantship, sponsored by the Science Research 
Council, for biosynthetic investigations using stereo- 
specifically tritiated aromatic amino-acids The 
appointment will be for one year, commencing 
November 1, 1973, at the first or second point on the 
university lecturers salary scale Applications with 
the names of two referees should be sent to Professor 
G W Kirby, Department of Chemistry, University 
of Glasgow Glasgow G12 8QQ In reply please 
quote Ref No 3338M (564) 





NATIONAL INSTITUTE OF 
AGRICULTURAL BOTANY 


TECHNICAL OFFICERS 


1 Vegetable Section, Systematic Botany 
Branch 


Candidates should have a knowledge of 
vegetable varieties and experience of their 
genetcs an advantage Ref SV11/1 


2 Cereals Section, Seed Production 
Branch 


Experience of cereal seed production desir- 
able as the officer will assist with the tech- 
nical administration of cereal seed certification 
Schemes and related work Ref SV11/2 


Applicants for above posts should be gradu- 
ates in either agriculture, agricultural botany 
or botany with appropriate postgraduate experi- 
ence 


Salary on scale £1,402 to £1,925 or £2 087 
to £3,640 depending om qualifications and ex- 
perience FSSU 


Application forms and further particulars 
from the Establishments Officer, NIAB, Hun- 
tingdon Road, Cambridge CB3 OLE, quotnng 
Ref No Closing date September 28 — (560) 
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COMMONWEALTH AGRICULTURAL 
BUREAUX 


Vacancy for 


SCIENTIFIC INFORMATION 
OFFICER 


at the 
COMMONWEALTH BUREAU OF 
NUTRITION 
Rowett Research Institute, Bucksburn 
Aberdeen AB2 9SB 
Dutes — Abstracung from technical Itera- 
ture and otherwise participatirg in production 
of the monthly journal Nu‘rition Abstracts 
and Reviews 
Qualifications an appropriate degree or its 
equivalent in agriculture or a related biologi- 
cal science A reading knowledge of German 
IS required, but other European languages 
would be considered if the candidate were 
prepared to learn German Ability to write 
good, concise English is essential 
Salary in the scale £1,318-£2,422 (bar)- 
£2,615-£3,250 (bar)-£3,510-£3,742, plus a com- 
pensatory allowance (taxable but not super- 
annuable) of 4} per cent to offset personal 
contribution to FSSU Starting salary 
according to age, qualifications and experience 
Application forms and full particulars from 
the Secretary, Commonweal-h Agricultural 
Bureaux, Farnham House, Farnham Royal, 
Slough SL2 3BN 
Closing date for applications October 31 
973 (559) 






research  Dell/Tissue Culture 
Research Scientist 


You should have a good honours degree in a biological science and further 
research experience of tissue culture methods Some experience of investigation 
into cell membrane function and immunological histochemical techniques would 
be advantageous You will join a small team studying antibodies and antigen 
processing by cells, and will be responsible for establishing tissue and organ 
culture facilities Initially you will study cell-to-cell interaction, particularly 
involving macrophages, lymphocytes and eosinophils 

The Unilever Research Laboratory is the largest food research centre in 
Europe, with over 1,200 staff Operating on two rural sites This vacancy 1s at 
Colworth House, a pleasant country estate 9 miles north of Bedford, in the 
Microbiology Section directed by Mr R Kenworthy Comprehenstve modern 
facilities are available, and encouragement given to publish 

Starting salary will be based on age and merit, ın the range £2,100 (new 
PhD ) to £4,000 There are opportunities for promotion, both in Research and 
in the wider field of Unilever operating companies (over 500, world-wide) 
Assistance with removal expenses and house purchase is available 
Please write for further details and an application form to 
The Personnel Officer (CWM 102/N), 

Unilever Research Colworth/Welwyn Laboratory, 
Colworth House, Sharnbrook, B&dford. 
















UNIVERSITY HOSPITAL OF 
SOUTH MANCHESTER 


WITHINGTON HOSPITAL 
MANCHESTER M20 8LR 


IUNIOR MEDICAL LABORATORY TECH- 
NICIAN (graduate with Class I or IL honours 
degree) required for participat on. in research 
programme on blood coagulation and throm- 
bosis Training in practical blood coagula- 
tion techniques will be provided The post is 
for two years in the first instance 










Commencing salary (at present under re- 


i e e 

view) £1,164 to £1,290 per annum, rising to P 
£1,335 after 12 months 

Applications, with curriculum vitae and | 
names and addresses of two referees to the * 
Hospital. Secretary (548) O 

SOUTH-EAST REGIONAL : i ] f 
HOSPITAL BOARD This appointment ıs wholly financed by the British Government under Britain’s 
SCOTLAND programme of aid to the developing countries 

2 SENIOR. GRADE BIOCHEMIST for duty in m E 

ife District Laboratory . f D 

This laboratory provides a service for all Nicaragua 


branches of the National Health Service in 
Fife In the Department over 50,000 specimens 


are handled each year The person appointed OYSTE R CU LTU RE BIO LOG | ST 


will deputise for the consultant m charge during 
his absence on leave Required by the National Development Institute to carry out a programme of 


Wie onse Teo be Subiect. o ithe k ded in a feasibility study by KN Contractors Ltd and the 
Whitley Council's Ti d Conditions of work recommended in a feasibility y by 
Service for Biochemists bs LH an l White Fish Authority, on Oyster Culture farming Also to assist in the field of 


Applications, which should be typewritten, mussel culture Applicants who should normally be citizens of, and permanently 





Previo EOCENE abe, em and resident in, the United Kingdom should have considerable experience in oyster 


and addresses of two referees, should be lodged culture farming A knowledge of Spanish is desirable but not essential Appoint- 
with the Secretary 11 Drumsheugh Gardens, ment for I8 months. 
Edinburgh, EH3 7QQ, withm two weeks from SALARY, subject to UK income tax, to be arranged plus a variable tax free 


the date of this advertisement 569) 
aoe ER : overseas allowance in range of £815-£1675 p a 


Other benefits include free family passages, paid leave, children's education 
allowances and free accommodation and medical attention 
For full details, application form and booklet about Nicaragua, please apply 


METALS ABSTRACTS . giving age and brief details of qualifications and experience to — 


Appointments Officer, 

The international abstracting service for 

metallurgy 1s still expanding and requires several i Foreign and Commonwealth Office, 
SENIOR EDITORIAL ASSISTANTS The 

work consists of editing and checking abstracts 


for publication, indexing and proof-reading Overseas Development 


A science degree, preferably in metallurgy, P * P 
physics or chemistry, ıs necessary Ability to a Ad 

write good and concise English essential and ministration 
a working knowledge of a foreign language 


would be an advantage ^ Room E301/N, Eland House, Stag Place, 


Apphcations statingsage, education, qualifi- e 
Cations and experience to Dr T Graff, ‘Metals London SWIE 5DH 
Abstracts’ The Insutute of Metals, 17 Belgrave 
Square London SW1X 8PU (565) 
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Overseas Development Administration 
Tropical Products Institute, London 


Organic Chemist 


E In team working on the isolation, identification and synthesis 
of insect attractants and pheromones. 


{1 Degree/HNC or equivalent in Chemistry ! | Experience of synthetic 
organic chemistry plus zoological knowledge an advantage C Age under 
27 |! Appointment as Scientific Officer (£1493 — £2352) O Ref 
SA/7/JD | | Closing date 28 September 1973 


Chemist Biologist 


W To work in Unit responsible for organising training for 
scientists from developing countries and career development 
and training Institute's staff m Preparation of training pro- 
grammes B Advice on technical training and liaison with 
colleges and Departmental Training Officer. 


tj Degree/HNC or equivalent in Chemistry or Biology 13 Broad 
scientific knowledge || Age under 27 ©] Appointment as Scientific 
Officer (£1493 — £2352) O Ref SA/6/JD r1 Closing date 28 September 


Information Scientist 


W To work in Technical Index concerned with tropical agri- 
culture and the technology and marketing of tropical products 
m Index books and periodical articles B Assist with inquiry 
work and provide SDI services to scientific staff m In future, 
participate in computerisation of existing manual retrieval 
system. 


O Degree, HNC or equivalent in Biology/Chemistry or appropriate 
subject, plus some relevant experience () Knowledge of latest indexing/ 
abstracting techniques and a foreign language desirable O Age under 27 
O Appointment as Scientific Officer (£1493 — £2352) D Ref. SA/s/JD 
D Closing date 28 September 1973 





© Application forms from Miss C A Hall, Tropical Products Institute, 
127 Clerkenwell Road, London ECr 


Ministry of Agriculture, Fisheries and Food 
Royal Botanic Gardens 


Taxonomists/ 
Botanists 


E Conduct taxonomic research ın Herbarium m Identify living 
and preserved plants W Reorganise and curate collections 
W Answer routine enquiries. 


O Degree/HND or equivalent in Biology [J Interest in botany and 
literature on geography and natural history ' | Age under 32 O Appoint- 
ments as Scientific Officer (£1408 — £2267), Higher Scientific Officer 
(£2166 — £2257) or Senior Scientific Officer (£2705 — £3730), depend- 
ing on age, qualifications and experience () Ref SB/3/AH (2 Closing 
date 28 September 1973 


C] Application forms from Civil Service Commission, Alencon Link, 
Basingstoke, Hants RG21 1JB, telephone Basingstoke 29222 ext 500 or 
London 01-839 1992 (24 hour answering service) 


ds 


CIVIL SERVICE. 








university OF wales 


uNnIveRsIty 
COLLEGE OF 
swansea 


CHAIR 
OF 
STATISTICS 


The Council of the College in- 
vites applications for the newly 
established Chair of Statistics lt 
is hoped that the successful candi- 
date will take up the appointment 


as soon as possible in the Session 
1973/74. 


Further particulars may be ob- 
tained from the Registrar/Secre- 
tary, University College of Swansea, 
Singleton Park, Swansea, SA2 8PP, 
to whom applications (IO copies) 
should be returned by October |, 
1973 


Aneurin Davies, 
Registrar/Secretary 
(528) 





AGRICULTURAL WRITER-EDITOR 


This international agricultural research centre seeks 
an experienced science writer-editor to work on 
materials to be published in English for scientific, 
semi-technical and popular audiences International 
salary, perquisites 

Send curriculum vitae to Dr F C Byrnes, Centro 
Internac onal de Agricultura Tropical, AA 6713, 
Cali, Colombia (558) 


THE UNIVERSITY OF 
LANCASTER 
DEPARTMENT OF 
BIOLOGICAL SCIENCES 
RESEARCH ASSISTANT 


Applications are invited from good honours 
graduates for a Research Assistantship to work 
with Dr H Huddart on the physiology and 
fine structure of insect muscle 


The appointment, supported by a grant from 


the Agricultura] Research. Council, wil] be for 
a period of three years A suitably qualified 
candidate will be able to register for a higher 
degree 


The salary will be in the range £852-£891- 
£930 with FSSU 


Further details are available from the Ad- 
ministrative Officer, Department of Biological 
Sciences, University o£. Lancaster, Lancaster 
LAI 4YQ, to whom applications should be 
submitted not later than September 7, 1973 

(550) 
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SOUTH-EAST REGIONAL HOSPITAL 
BOARD, SCOTLAND 


METABOLIC UNIT 
WESTERN GENERAL HOSPITAL 
EDINBURGH 


Applications are invited from candidates 
with an Honours degree in chemistry, bro- 
chemistry, or a biological science for the ap- 
pointment of BIOCHEMIST (basic grade) in 
the above unit which 1s concerned with the 
management and research mto endocrine 
Suitable candidates 
may register for a higher degree and may 
take part in the MCB traming programme run 
by the Departments of Clinical Chemistry 
Whitley Council conditions of service apply 

Applications, which. should be typewritten, 
quoting the names and addresses of two 
referees, should be lodged as soon as possible 
with the Secretary, South-Eastern Regional 
Hospital Board, Scotland, 11 Drumsheugh Gar- 
dens, EH3 7QO Further particulars may be 
obtained, or a visit arranged by contacting 
Professor J A Strong, University Department 
of Medicine, Western General Hospital, Crewe 
Road Edinburgh EH4 2XU Telephone 031- 
332 1311, Ext 224 (570) 


and metabolic disorders 





UNIVERSITY OF NEWCASTLE UPON TYNE 


THE MEDICAL SCHOOL 
RESEARCH IN BIOCHEMICAL 
PHARMACOLOGY 


Applications are invited for an M R C -financed 
post-doctoral research post as RESEARCH ASSO- 
CIATE for work on the effects of hypoglycin meta- 
bohtes on the oxidation of straight-chain and 
branched-chain fatty acids Experience in enzymo- 
logy or mutochondrial biochemistry would be an 
advantage The appointment will be for one year 
m the first instance, but renewable up to a maxi- 
mum of three years in all, with salary in the range 
£1,764 to £2,079 per annum (salary scale under 
review) with FSSU 

Applications, naming two referecs, should be sent 
to Dr H S A Sherratt, Department of Pharma- 
cology, University of Newcastle upon Tyne, New- 
castle upon Tyne NEI 7RU, from whom further 
details may be obtained, within 14 days of the 
date of this advertisement (557) 





UNIVERSITY COLLEGE OF 
NORTH WALES 


BANGOR 


SCHOOL OF PLANT BIOLOGY 


Applications are invited for the post of LECTURER 
in MYCOLOGY ın the above School The person 
appointed will be expected to commence on or before 
October 1, 1974 

Salary will be on the lower part of the scale 
£1,929 to £4,548 

Further partuculars of this post may be obtained 
from the Secretary and Registrar, and applications 
(two copies), giving details of age qualifications and 
experience, together with the names and addresses 
of two referees, should be sent to reach the Secre- 
tary and Registrar by September 25, 1973 (577) 


THE HUBRECHT LABORATORY 
of the Royal Netherlands Academy 
of Sciences 


International Embryological Institute, 
Utrecht, The Netherlands 


has a vacancy for a 
BIO-MATHEMATICIAN 


who wil be expected (1) to contribute to the 
planning and further development of research 
projects to be undertaken by the experimental 
biglogists attached to the Laboratory, and (2) 
to engage in the construction of mathematical 
models in the general area of developmental 
biology 

The candidate should preferably have a PhD , 
but a graduate with considerabie research ex- 
perience will be considered He/she could be 
either a biologist with a thorough mathematical 
training, or a non-biologist having a pronounced 
interest in, and preferably a working knowledge 
of, developmental biology 

The position is initially for a period of two 
years, but the possibility of extension 1s mot 
excluded Appointment will be im one of the 
Netherlands Cıvıl Service Scientific Officer 
Scales, the salary depending on age, qualifica- 
ton and experience to a present maximum of 
D fl 43,200 — per annum, plus social security 
and other benefits 

Application should reach the Director of the 
Hubrecht Laboratory, Universiteitscentrum. ‘De 
Uithof", Uppsalalaan 1, Utrecht, The Nether- 
lands, not later than November 15, 1973 35) 





XXVII 


INVERESK RESEARCH INTERNATIONAL 


CHIEF TECHNICIAN HISTOPATHOLOGY 


The Pathology Department in this institute is undergoing a major 
reorganization and a vacancy exists for a technician to lead the Histology 


section 
experimental pathology 1s envisaged 


Currently the work is related to toxicology but expansion into 


The person appointed will probably be at least 28 and have considerable 
experience in a wide range of histological techniques including histochemistry 


He will have the ability to liaise effectively with other sections, plan the work 
of his own section and tram and supervise an increasing number of junior 


staff 


The salary will be competitive and commensurate with the seniority of this 


technical post 


Applications in writing giving full details of experience should be addressed 
to the Personnel Officer, Inveresk Research International, Inveresk Gate, 
Musselburgh, Midlothian, marked “Confidential CT /K” 


THE NATURAL RUBBER PRODUCERS’ 
Research Association requires an experienced 
ELECTRON MICROSCOPE TECHNICIAN to take 
charge of the operation and maintenance of its 
Siemens Elmiskop Mk 1 and ancillary equipment 
The position is suitable for candidates aged between 
25 and 35 with experience tn biological and physical 
work and with a sound knowledge of replica embed- 
ding and sectioning techniques The starting salary 
may be between £1,200 and £2,400 per annum, depend- 
ing on age, experience and qualifications There 1s a 
Pension scheme Opportunities for further study are 
given in suitable cases —Please write, grving details 
of qualifications and experience to The Director, 
The Natural Rubber Producers’ Research Association, 
56 Tewin Road Welwyn Garden City, Herts (561) 





WESSEX REGIONAL HOSPITAL BOARD 
SOUTHAMPTON GENERAL HOSPITAL 


A Senior Scientific Officer (biochemist /immunologist) 
to assist in a service for assessing immunological 
competence in man, as part of the inaugural Regional 
Immunology Service Some time available for 
research £2,613-£3,375 per annum with NHS super- 
annuation 

Enquiries to Dr G T Stevenson, Tenovus Research 
Laboratory, Southampton General Hospital, South- 
ampton SO9 4XY 

Applications to the Employment Officer, South- 
ampton University HMC, 119 Tremona Road, South- 
ampton SOL 6HU (573) 


(583) 





ROYAL HOLLOWAY COLLEGE 
(University of London) 
EGHAM HILL, EGHAM, SURREY 


Applications are invited for a CAPS Studentship 
from candidates with a good Honours degree, or 
the equivalent, in biochemistry or chemistry The 
successful candidate will join an active research 
group studying the nature and functions of glycosi- 
dases and will be expected to undertake an invesuga- 
ton of the action of a galactosidases on galacto- 
mannans 

Applications should be made to Professor J B 
Pridham, Department of Biochemistry (N) (608) 





SOUTHAMPTON MEDICAL SCHOOL 


TENOVUS RESEARCH 
LABORATORY 


A Research Biochemist/Immunologit to jom a 
team working on immunological aspects of leukaemias 
The University of Southampton will consider a suit- 
able appointee for the title of Visiting Lecturer 
£2,049-£4,599 per annum with NHS superannuation 

Apply to Dr G T Stevenson, Tenovus Research 
Laboratory, Southampton General Hospital, South- 
ampton SO9 4XY (572) 


ROYAL COLLEGE OF SURGEONS 
OF ENGLAND 


Part-time assistant 
to the Honorary Curator of 
the Odontological Museum 


A dental or biological science graduate ıs required to assist Professor 
A E W Miles for two years in the first instance with the cataloguing and 
organisation of the collection and subsequently with developing its teaching 
and research potential The appointment will be made in November Age 
30-50 years preferred Salary £1,100-£1,500 per annum according to qualifi- 


cations and tuffe requirements 


Further information and application form available from the Secretary, 


Royal College of Surgeons of England, 35/43 


3PN 


Lincoln’s Inn Fields, WC2A 
e 


(529) 





n 
M M 


XXVIII lj NATURE SEPTEMBER 7 1973 


Canada Canada 


THESE COMPETITIONS ARE OPEN TO BOTH MEN AND WOMEN 
RESEARCH SCIENTISTS 


Department of National Health and Welfare, Health Protection Branch, Human Development 
Division, Ottawa, Ontario 


731007; HEAD, CLINICAL IMMUNOGENETICS SECTION 
f 
Salary to $24,262 

DUTIES To plan, organize and conduct biological laboratory work in human embryology, cellular genetics, cyto- 
genetics and biochemical genetics on human clinical material to elucidate mechanisms of cancer induction, teratogenesis 
and others, to work in a project area of determining biological indicators for the assessment of human exposure to 
environmental mutagens and related agents with particular reference to parameters of genetic and morphologic damage 
to the human embryo, to direct the work of a technician and a nurse and co-ordinate the work of two biologists 
QUALIFICATIONS University graduation at the Doctorate level in human genetics, embryolagy, anatomy, biochemical 
genetics or immunology, with minor fields of study in statistics and mammalian biology, preferably human, ability to 
plan and direct a research programme in environmental chemical mutagens, carcinogens and teratogens 


ENVIRONMENTAL MUTAGENIC FACTORS SECTION 


Salaries to $16,055 


li wy Public Service — Fonction publique: 












DUTIES 
POSITION 73-100-77 To conduct research on the genetic mechanisms and biological effects associated with the 
action of mutagenic, teratogenic and related factors on human and other mammalian cells in vivo and in vitro, to develop 
new methods for assessing the potential hazards to man of environmental agents, by using biological systems, cytogenetic, 
Immunogenetic and other procedures 
POSITION 73-100-78 To conduct research on the biochemical mechanisms associated with piological effects caused 
by environmental factors including mutagens and teratogens acting on human and other mammalian cells in vivo and in 
vitro, having particular regard to the development of biological indicators of exposure, to develop and initiate new 
brochemical approaches to the assessment of environmental mutagens and related factors which affect human sensitivity 
and resistance and other gene mediated effects 
The incumbents of both positions will be required to collaborate with other professional staff in the Human Development 
Division and the Department of National Health and Welfare and with university and hospital personnel in research on 
projects relevant to the achievement of Divisional objects 
QUALIFICATIONS Doctorate degree or an equivalent combination of training and research experience, with 
specialization in an appropriate biological or life science related to the duties of the positions Knowledge of the English 
language is essential for these positions 
To ensure consideration, candidates should forward ' Application for Employment (PSC 367-401) available at Post 
Offices, Canada Manpower Centres, Public Service Commission of Canada offices, or detailed résumés, including a list 
of publications and references, before September 30, 1973, to 

SCIENCES AND TECHNOLOGY PROGRAM, PUBLIC SERVICE COMMISSION OF CANADA, TOWER 

"A", PLACE DE VILLE, OTTAWA, ONTARIO K1A OM7 

Please quote the appropriate reference number in all correspondence 
Appointments as a result of this competition are subject to the provisions of the Public Service Employment Act 
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FISHERIES IMPROVEMENT 


Deputy Adviser 
£5725-£6635 


This appointment is based in London and improvement of marine or freshwater fisheries 
involves extensive travel overseas The main (including research problems) in developing 
duties will be to advise on (a) technical and countries, particularly in tropical conditions 
professional aspects of plans and projects for 

development and research, mostly in tropical The starting salary could be above the minimum 
conditions, (b) the recruitment and training in of the scale quoted Non-contributory pension 
the UK of overseas fisheries staff The Adviser scheme 


could also represent HM Government at 


international meetings and conferences Fuller details of this appointment may be obtained 


by writing to the Civil Service Commission, 
Candidates should normally be aged at least 42 Alengen Link, Basingstoke, Hants , 
and have an honours degree in a relevant subject RG21 1JB, or by telephoning BASINGSTOKE 


or an equivalent qualification They must have 29222 ext 500 or LONDON 01-839 1992 
had considerable practical experience, ata senior (24-hour answering service), quoting . 
level, of applying their Knowledge to the S/8354/U Closing date 29 October 1973 


OVERSEAS DEVELOPMENT ADMINIS TRA TION 
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CELL BIOLOGIST 


Applications are invited for a full-time posi- 
uon as a Cell Biologist with the American Red 
Cross Blood Research Labcratory, Bethesda 
Mardand, US A The unit is. well equipped 
for cell culture and phwsiology The level of 


appointment and salarv depend on qualifica- 


tions and experience 


Please send current curriculum vitae to 
Mrs Kaye Boesel, 
Office of Personnel, 
American National Red Cross, 
Washington, DC 20006, USA 


(584) 


UNITED BIRMINGHAM HOSPITALS 


QUEEN ELIZABETH MEDICAL CENTRE 
Birmingham B15 “TH 


BASIC GRADE BIOCHEMIST required in the 
clinical chemistry department Post offers wide routine 
experience and opportunity for development of 
specialised assavs 

Job description and application form from Assistant 
Secretarv (Personnel) at the above address Closing 
date for applications September 29 (568) 





THE MEDICAL COLLEGE OF 
ST BARTHOLOMEW'S HOSPITAL 


West Smithfield, London ECIA 7BE 


SENIOR LECTURER/LECTURER 
IN ANATOMY 


Applications are invited for the post of Senior 
Lecturer in Anatomy Applicants must hold a higher 
degree and should preferably be medically qualified 
Applicants not medically qualified should have had 
considerable experience in a field closely related to 
Human Anatomy (eg Histology, Neuroanatomy, or 
Comparative Anatomy) the post may be filled at 
Lecturer level if the successful candidate has not the 
necessary teaching and research experience — Initial 
salarv according to qualifications and withm the 
following ranges Senior Lecturer £4,368-£5 496 
Lecturer £1 929-£4,548, plus £162 London Allowance 
Application forms, obtainable from the Secretary of 
the College at the above address, should be completed 
and returned together with the names of two referees 
to the Dean not later than October 22, 1973 (575) 


UNIVERSITY OF MANCHESTER 
DEPARTMENT OF ZOOLOGY 


RESEARCH ASSOCIATE 
IN CYTOLOGY 


Applications invited for this three-year post (funded 
by the OAD) for research connected with the Tsetse fly 
and Trypanosome control, and involving the investiga- 
tjon of some aspects of DNA ard RNA synthesis 
during gametogenesis and oogenesis, and/or cvto- 
chemistry and ultrastructure of deve oping oocytes and 
nurse cells durmg vitellogenesis Candidates must 
have a strong interest ın cytogenetics and be 
acquainted with autoradiographic and/or cytochemi- 
cal techniques Initial salary up to £2,058 pa, rising 
to £2388 pa FSSU Detailed applications, with 
names of two referees, should be sent to Dr D I 
Southern Department of Zoology, The Universitv, 
Manchester M13 9PL, as soon as possible (562) 





TECHNICIAN 


with good practical experience of immuno- 
logical technique required to take technical 
charge of autoimmunity research laboratory 


Applicants should have relevant HNC or 
equivalent 


Salary according to Whitley Council scales 


Apply, giving age, experience, qualifications 
and two referees, to 


Secretary, 
Cardiothoracic Institute, 
Fulham Road, 

London SW 6 











Norwood 


Tower Bridge Branch 


Senior 
Laboratory 


SCIENCE COURSES 


d foolscap envelope 


UNIVERSITY OF READING 


READERSHIP IN COMPUTER 
SCIENCE 


(REVISED ADVERTISEMENT) 


Applications are invited for a newly established 
Readership in the Department of Computer Science 
The successful applicant’s main responsibility will be 
to undertake and direct the software research in the 
Department and to imitate rew programmes of 
research He is likely to have an established research 
reputation in Software Engineering, Computer Lan- 
@uages or Computer Systems There will also be 
some teaching of advanced undergraduate courses 
11 Computer Science 

Further particulars may be obtained from the 
Registrar (Room 208, Whiteknights House), The 
University Whiteknighs, Reading RG6 2AH, by 


whom applicauons should be received«not later than 
October 13, 1973 


(566) 









Technical College 


Main Building Knights Hill SE27 0OTX 
Tower Bridge Branch Tooley St SE1 2JR 


DEPARTMENT OF NATURAL SCIENCES 


Technician cw 7) 
FOR MEDICAL LABORATORY 


e 
Applications are invited for the above post from candidates 
possessing HNC (MLS), FIMLT, or equivalent qualifica- 
tions Experience in laboratory management is essential 


Salary (Grade 7) £2,658-£3,030 plus London Allowance 
Application forms, returnable within 14 days of the appearance 


of this advertisement, obtamable fiom the Cleik to the 
Governors at the mam buldng Enclose self-addi essed 


‘Dundee College of Technology 


Department of Chemistry 
and Biology 


Senior Lectureship in Mammalian Physiology (Grade 1) 


Applicants should possess a good honours first degree, and 
preferably a higher degree Previous teaching experience at 
first degree level is required The person appointed will be 
expected to fake a leading part in course development and to 
assist with administration in an expanding department 

Salary Scale “Senior Lectureship Grade 1 £3,849-£4,617, with 
initial placing dependent upon approved prior experience 
Further partieulars and application form obtainable from the 
Principal, Dundee College of Technology, Bell Street, Dundee, 
DD1 1HG, to whom completed application forms should be 
returned not later than 21 September 1973 
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UNIVERSITY HOSPITAL OF WALES 
Heath Park, Cardiff 


DEPARTMENT OF MEDICAL 
BIOCHEMISTRY 


BASIC GRADE BIOCHEMIST 


required for the National. Polvpepude Assay Service 
based at this new 800-bed teaching hospital 

The unit 1s one of a number of similar units being 
set up to provide a radioimmunoassay service for the 
National Health Service 

The person appointed must hold an acceptable 
Science degree and will be required to take an interest 
in data processing and quality control procedures 

Salary scale £1278 per annum rising to £2,370 
per annum (Candidates with first or second-class 
Honours enter at £1,566 per annum, and further 
salary credit may be awarded ın respect of complete 
years of postgraduate study ) 

Application. forms and further information from 
the Personnel Department at this hospital (593) 
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CSIRO 
AUSTRALIA 


The Commonwealth Scientific and Industrial Research Organization has a broad 
charter for research into primary and secondary industry areas The Organization 
has approximately 6,500 employees—2,[00 of whom are researeh and professional 
scientists—located in Divisions and Sections throughout Australia 


RESEARCH SCIENTISTS 
DIVISION OF TROPICAL AGRONOMY 


FIELD: LEGUME BACTERIOLOGY—REF. NO. 850/41] 


GENERAL The Division with headquarters at the Cunningham Laboratory in 
Brisbane, Queensland, is conducting a comprehensive program of pasture 
research for tropical eastern Australia based on major laboratories at Brisbane 
and Townsville There is a research scientist staff of approximately 60 officers 
in various disciplines 


DUTIES The appointee will be based at the Cunningham Laboratory and will 
be required to conduct field and laboratory studies on rhizobia for tropical 
legumes In particular he will be required to study factors affecting persistence 
of rhizobia and nodulation of legumes in tropica] soils 


The legume bacteriology section also supplies inoculants and advises on techniques 
of inoculation for other research programs in northern Australia The appointee 
will be required to share the responsibility for these duties at a professional 
level 


QUALIFICATIONS: A Ph D degree in an appropriate field, or equivalent 
qualifications, and demonstrable research ability Experience in microbiology 
with an agricultural background is preferable Applications from candidates 
completing Ph D studies will be welcome 


TEN URE: This position ts available for an indefinite period 


DIVISION OF BUILDING RESEARCH 
FOREST PRODUCTS LABORATORY 


FIELD: FOREST CONVERSION ENGINEERING 


—REF. NO. 390/503 


GENERAL: The Division's Forest Products Laboratory in Melbourne, Victoria, 
offers excellent opportunities for engineers and scientists to undertake creative 
research related to industrial and environmental problems The successful appli- 
cant will join the multi-discipline Forest Conversion Engineering Group whose 
investigations cover the science and technology of industrial processes for the 
production of timber and derived products for the origination and development 
of new processes and for the utilization and disposal of wood residues 


DUTIES. To conduct research on the engineering science of forest utilization 
and to co-operate in promoting industrial application of the results Investigations 
may focus on projects in the broad spectrum of comminution techniques such as 
sawmilling or veneer cutting, on composite wood products including plywood 
and particle board, the manufacture of consumer products and the environmental 
impact of forest industries 


QUALIFICATIONS: A Ph D degree or equivalent qualifications, and demon- 
strable research ability Previous experience in a branch of engineering or science 
with some relevance to the above fields is desirable 


TENURE: This position is available for an indefinite period 


SALARY: These appointments will be made within the ranges of Research 
Scientist or Senior Research Scientist $A8,489-$A12,921 p a 


CONDITIONS: indefinite appointments carry Australian Government Super- 
annuation benefits li 


APPLICATIONS. Applications should state full personal and professional 
details, the names of at least two professional referees, and quote the appropriate 
Reference Number and should reach 

The Personnel Officer, 


Australian Scientific Liaison Office, 
64-78 Kingsway, London WC2B 6BD 


by the 5th October, 1973 
Applications in US A and Canada should be sent to 


The Counsellor (Scientific), 
Embassy of Australia, 1601 Massachusetts Avenue, N.W., 
Washington? D C 20036, U S.A. 
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Guy's Hospital Medical School 


POSTDOCTORAL RESEARCH 
ASSISTANT 


in Biochemistry required to work with Dr 
D C Watts on the comparative enzymology 
of acetylcholinesterase The applicant should 
have a good chemical background preferably 
with an understanding of fluorescence spectro- 
scopy Salary from £1,929 according to ex- 
perience, plus London Allowance and super- 
annuation 


Apphcations, with curriculum vitae and 
names of two referees, to the Secretary, Guy's 
Hospital Medical School, London Bridge, SEL 
9RT (588) 


JUNIOR TECHNICAL OFFICER REQUIRED 
at Pollards Wood Research Station of the Institute 
of Cancer Research, Chalfont St Gules, Bucks, to 
take part in a research programme on mutagenic 
effects of carcinogens BSc in biological subject 
or 2 A levels in science subjects Experience in 
gene.cs, cytology or cell biology desirable Further 
study possible Starting salary £1,300 to £1,500 in 
scale extending to £1,944 according to age, qualifica- 
tions and experience —Apply in duplicate with 
names of 2 referees to the Secretary, 34 Sumner 
Place, London SW7 3NU, quoting Rif No a 
481 





ORGANIC CHEMIST 


GRADUATE OR EQUIVALENT 


THE LORD RANK RESEARCH OENTRE :s the 
central Research and Development unit of the 
RHM Group, and it 1s engaged in a wide range of 
research programmes associated with the Group’s 
large and diverse interests in the food industry 
The Cen.re employs a staff of over 400 and is 
located on the outskirts of High Wycombe with easy 
access to Central London and to rural areas of 
Buckinghamshire Jt provides research facilities of 
a high order and a pleasant work environment 

‘An opportunity has arisen for an organic chemist 
to jom a research team in the Department of B10- 
chemistry studying the chemical modification of 
starch The successful candidate will be involved 
in 2 substantial amount of synthetic chemistry, de- 
veloping and assessing products for use im a range 
of applications, and will be expected to work 
independently 

Candidates should be first degree graduates, or 
equ valent, with up to two years’ relevant industrial 
experience 

A competitive salary and attractive fringe benefits 
are offered 


Please write with brief career details quoting 
reference C405 to 


The Assistant Director (Administration), 
THE LORD RANK RESEARCH CENTRE, 
RHM Research Limited, 
Lincoln Road, 
High Wycombe, Bucks 

(586) 





RESEARCH TECHNICIAN GRADE 3 RE- 
quired to assist in immunological and parasitological 
research and to prepare materials for immunology 
and some other classes in Zoology Department Pre- 
ferably HND qualification Salary on scale £1,714 
by £51 to £1,969 including London Weighting 
Contributory pension scheme —Apply ın writing 
giving full details of age and experience to the 
Head Clerk (Ref Ni115906), King’s College London, 
Strand, WC2R 2LS Closing date September 21, 
1973 (587) 








BRISTOL POLYTECHNIC 
DEPARTMENT OF SCIENCE 
RESEARCH ASSISTANTSHIP 


Applications are invited from good honours gradu- 
ates or the professional equivalent in the field of 
animal science, for work in mineral metabolism in 
mammals Experience in a biochemical or physio- 
logical laboratory would be an advantage 


The successful applicant will be encouraged to 
Tegister for a higher degree 


Salary scale £1,330 to £1,365 to £1,400 

Further details and application forms (to be re- 
turned by September 21, 1973) from Personnel Office, 
Br stol Polytechnic, Ashley Down, Bristol BS7 9BU 


Please quote post reference number R42/116/2 in 
all communications (594) 


-w j 
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UNIVERSITY OF ADELAIDE 


Applications are invited for the following appoint- 
ment 


SENIOR DEMONSTRATOR IN PHYSICS from 
1974 Duties will include undergraduate laboratory 
teaching and responsibility for operation of one of 
the undergraduate laboratories, including supervision 
of laboratory staff, traming of part-time demon- 
Strators and assistance with design and construction 
of new ¿experiments Participation in research pro- 
grammes will also be encouraged (21973) 


Salary scale Senior Demonstrator, $A7,270 by 
$A286 (3) by $A285 (2) to $48,698 with superannua- 
tron on the FSSU basis 

Further particulars about this post and the condi- 
tions of appointment and othcr ‘nformation sought 
will be supplied on request to the Registrar of the 
University, or to the Secretary-General, Association 
of Commonwealth Universities. (Appts), 36 Gordon 
Square, London WCIH OPF 

Applications should bc sent in duplicate and 
giving the information listed im Statement. that will 
be supplicd to the Registrar, he University of 
Adelaide North Terrace, Adelaide South Australia 
5001 (600) 


THE INTERNATIONAL CENTRE OF 
INSECT PHYSIOLOGY 
AND ECOLOGY 
PO BOX 30772, NAIROBI, KENYA 


Applications arc inviicd from suitably qualified 
candidatcs for the following senior appointment at 
the ICIPF Research Centre in Nairobi, to be 
filled 1mmedi itcly 


DEPUTY DIRECTOR (SCIENCE) 
(Ref. AD/73/1) 


The successful applicant must be fluent in Lnglish, 
have considcrable achievement in msearch, and have 
somt experience in scientific administration. There is 
no age limit 

He will work under the general supervision of the 
Director of the Centre His responsivilitics will 
include (a) the coordination of research programmes 
of this research centre (b) the execution of its 
research policy (c) the development of linkages 
between the ICIPE and other research institu- 
tions in Africa and throughout the world , and. (d) the 
execution of such other dutics as may bc delegated 
to him from time to time by the Director 

The appointment 1s for two years in the first 
instance, but may be extended by mutual agreement 
at the expiry of the first contract Commencing 
salary will be in the range K Shs 54,750 to 
K Shs 63,300 (or £3200 to £3 700 sterling) a year, 
according to experience Additional benefits include 
10 per cent gratuity of basic salary, housing allow- 
ance of up to K Shs 1,700 (or £99 sterling) per 
month, medical insurance for the appointee and his 
dependants, travelling tickets for the appomtec and 
dependants (up to a madimum of three adult pas- 
sages) to tah. up appointment, and Gf non-East 
African) passages every two years to his home 
country (606) 








UNIVERSITY OF HULL 


TEMPORARY LECTURESHIP 
IN GENETICS 


Applications are invited for the post of Lecturer 
(temporary) in the new Unit of Geneucs, Depart- 
ment of Plant Biology, to work on an 1nter-university 
project administered through the Open University 
and sponsored, in part, by the Nuffield Foundation 
A second-level course in genetics js being prepared, 
which will be offered to Open University students 
and to students of some conventional universities in 
1976 

Candidates must have experience of population 
and ecological genctics and have demonstrated ability 
to write in a clear and interesting way The position 
is tenable from October 1, 1973, or as soon as 
possible thereafter, for one year jn the first instance 
at a salary on the Lecturer scale from £1,929, with 
FSSU, placement according to experience 

Applications (three copies), giving details of age, 
qualifications and experience, together with the 
names of two referees, should be sent to the Regis- 
trar, The University, Hull HU6 7RX (from whom 
further particulars may be obtained), by September 
30, 1973 (602) 


UNIVERSITY OF ST ANDREWS 
Depariment of Biochemistry 


SRC POSTDOCTORAL RESEARCH 
ASSISTANTSHIP 


Applications are invited from candidates with 
a PhD, for the above post tenable for three 
years from October, 1973 The work will 
mvolve the development of immobilized 


enzyme structures and the evaluation of these 
materials as analytical reagents in automated 


analysis Starting salafy £1929 FSSU 
Applications, with the names of 2 referees, 
should be sent to Dr W E Hoznby, Depart- 
ment of Biochemistry, University of St 
Andrews, Fife, by September 21 Ped) 








CSIRO 
AUSTRALIA 


RESEARCH STAFF 
VACANCIES 


The Commonwealth Scientific and Industrial Research Organization has a broad 
charter for research into primary and secondary industry areas The Organization 
has approximately 6,500 employees—2,100 of whom are research and professional 
scientists—located ın Divisions and Sections throughout Australia 


DIVISION OF FOOD RESEARCH 
DAIRY RESEARCH LABORATORY 


MICROBIOLOGY/MOLECULAR BIOLOGY 
—REF. NO: 410/225 


GENERAL. The Laboratory is located at Highett, Melbourne, and is part of the 
Division of Food Research, which has its headquarters at North Ryde, Sydney 


FIELD: 


DUTIES To initiate research into the replication of bacteriophages, particularly 
those associated with the lactic bacteria used as starter organisms in the manu- 
facture of cheese 


QUALIFICATIONS: A Ph D degree or equivalent qualifications, and demon- 
strable research ability 


TENURE: This position ıs available for a fixed term of three years 


DIVISION OF SOILS 
FIELD: SOIL ZOOLOGY—REF. NO: 270/426 


GENERAL: The Division is concerned with research on soils including pedo- 
logical, chemical, physical, microbiological, mineralogical and zoological studies, 
together with the integration of these in investigations of soil fertility and the 
relationship between plant growth and soil environment The headquarters of 
the Division ts in Adelaide, with regtonal laboratories at Brisbane, Canberra, 
Hobart, Perth and Townsville The appointee will be located tn Adelaide 


DUTIES To join a small group studying the fauna of Australian soils, with 
particular reference to their role in pedogenesis, decomposition of organic 
matter, nutrient cycling and biocenergetics Preference may be given to candidates 
with some experience in the ecology of termites, but this should not be taken 
as excluding applicants whose interests and experience are in other groups of 
soil animals 


QUALIFICATIONS. A Ph D degree or equivalent qualifications in entomology, 
invertebrate zoology, nematology, animal ecology, bioenergetics, or population 
biology, and demonstrable research ability Experience in statistical techniques 
for ecological research would be an advantage 


TENURE. Either an indefinite or a fixed term appointment may be negotiated 
indefinite appointments carry Australian Government Superannuation benefits 


SALARY The appointments will be made within the ranges of Research Scientist 
or Senior Research Scientist $A8,489-$A12,932 p a 


APPLICATIONS. Applications stating full personal and professional details, 
the names of at least two professional referees, and quoting the appropriate 
Reference Number should reach 

The Personnel Officer, 

Australian Scientific Liaison Office, 

64-78 Kingsway, d 

London WC2B'6BD 


by the 5th October, 1973 


rd 
Applications in US A and Canada should be sent to 


The Counselloy (Scientific), 
Embassy of Australia, 1601 Massachusetts Avenue, NW., 
Washington, D C 20036, U.S.A 
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UNIVERSITY OF GLASGOW 
RESEARCH ASSISTANT 


A post-doctoral Research Assistant 1s required in 
the Department of Natural Philosophy to work in 
the high energy physics data analysis group Candi- 
dates should have completed a PhD, or expect to do 
so by Autumn 1973, in high energy physics prefer- 
ably with a strong data analysis content The 
appointment will be for a period of two years at a 
salary of £1,929 per annum (or £2,058) rising to 
£2,058 per annum (or £2,223) FSSU 


‘Applications, giving details of qualifications and 
experience and a note of publications, together with 
the names of two referees, should be sent to Pro- 
fessor I S Hughes, Department of Natural Philo- 
sophy, The University of Glasgow, Glasgow G12 
8QQ In reply please quote Ref No Um 





CSIRO 


UNIVERSITY OF CAMBRIDGE 


A post is available in the Department of Experi- 
mental Psychology for a RESEARCH ASSISTANT 
to work on problems of visual perception The 
appointment which is associated with an MRC 
grant, js for three years from October, 1973 The 
salary will be appropriate to experience and qualifi- 
cations, but may be up to £1,923 (by £156 to £2,079, 
by £159 to £2,238) per annum 


Preference may be given to candidates, postgraduate 
or postdoctoral, who have been trained in ENGIN- 
EERING or in PHYSICS and who wish to work in 
the biolog cal sciences Some experience of optics 
or of electronics or of computing would be especially 
valued Applicants should write to Dr J Mollon, 
Department of Experimental Psychology, Downing 
Street, Cambridge CB2 3EB, and should enclose a 


curriculum vitae and the names of two Bet. 


Appointment of 


OFFICER-IN-CHARGE 
ANIMAL HUSBANDRY RESEARCH 


i INSTITUTE 


BOGOR, INDONESIA 


The Commonwealth Scientific and Industrial Research Organization, Australia, 
in collaboration with the Indonesian Department of Agriculture, will operate a 
major research institute under the sponsorship of the Australian overseas aid 


programme 
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Lanchester Polytechnic 


Applications are invited for the following post 


Faculty of Applied Science 


SENIOR LECTURER 
OR LECTURER GRADE Il 


in 
Animal Physiology 


Salary Senior Lecturer £3,29|—£3,655-.£3,928 p a 
Lecturer Grade Il £2,515-£3,243 pa 


In certain circumstances the commencing salary 
for the above post may be above the minimum of 
the scale 

The qualifications and experience for appoint- 
ment are stated tn Further Particulars, which are 
available with application forms, from the Assis- 
tant Secretary(Personnel), Lanchester Polytechnic, 
Priory Street, Coventry, CVI 5FB (telephone 
Coventry 24166, extension 392), returnable by 
September 21, 1973 (567) 


NATIONAL INSTITUTE 
FOR BIOLOGICAL 
STANDARDS AND CONTROL 
Hampstead 
JUNIOR TECHNICIANS 


(female) 

are required in the Division of Viral Products 
to assist in the contro] of immunological pro- 
ducts Candidates should possess a minimum 
of 4 GCE O-levels, including biology, maths, 
English and an additional science subject 
Training will be provided and encouragement 
is given towards higher qualifications by day- 
release study Salary on scale £756 per annum 
(at age 16) to £1,416 per annum, depending on 
age qualifications and experience 

Please apply, in the first instance, to Mr 
P A Collingridge, Deputy Personnel Officer, 
National Institute. for Medical Research, The 


The Institute will undertake research on the nutrition, breeding and husbandry 
of poultry, sheep, goats, buffalo, cattle and possibly other animals of interest 
to Indonesian consumers It is being planned as a first class laboratory where 
research workers will be provided with the necessary scientific and library 
facilities for them to undertake and publish research of international repute. 
It will be erected on a 30 hectare site approximately 10 kilometres from Bogor, a 
leading educational and scientific centre FOR BIOLOGICAL 

The commitment by CSIRO will continue for ten years during which opportunities STANDARDS AND CONTROL 
will be given for Indonesian sctentists to be trained in Australia and the Institute This newly formed institute, situated at 
so that the Institute can then be transferred to the Indonesian authorities It is Hampstead, has a vacancy for a TECHNICIAN 
anticipated that initially about 25 Australians will be employed, including [5 to assist m the Hormone and Blood Products 


Division in a laboratory concerned with the 
professional scientists, but the number will decrease as the Indonesian responsi- provision of International Standards for the 
bility increases 


Vorla Health, Organzanon The work is con- 
The Officer-in-Charge and other Australian staff will be members of the staff of assay und other le e and PED EUR 
CSIRO, and as such will be responsible to the CSIRO Executive Whilst in of polypepude hormones Candidates should 
Indonesia they will be formally responsible to the Australian Ambassador Indone- possess. an FINC or equivalent nan appro- 
sian staff will be members of the Department of Agriculture but, while working 
at the Institute, will be responsible to the Officer-in-Charge 


priate subject — Sa'ary on scale £1,461 to 
£2,280 per annum 
Please apply, in the first instance, with de- 
rails of age, qualifications and experience, to 
Initially, the Officer-in-Charge will be required to advise architects and engineers Mr. P A Collingridge, National Institute for 
on the scientific facilities to be incorporated in the design of buildings, to assist Medical Research, The Ridgeway, Mull Hull, 
NW7 1AA Tel 01-959 3666 (598) 
with placement of Indonesian scientists coming to Australia for training and to 
prepare a research programme for the Institute in association with Australian 
and Indonesian scientists During this period he will be located in Canberra, 
ACT, but will be expected to make frequent visits to Indonesia During the 
latter stages of construction of the laboratory he will be expected to move to 


Ridgeway, Mill Hill, London NW7 1AA Tel 
01-959 3666 (597) 





NATIONAL INSTITUTE 


ZOOLOGICAL GARDENS 


Indonesia 


Applicants should have qualifications at postdoctoral or equivalent level, as well 
as an established reputation for research related to animal nutrition or breeding 
Experience in the tropics is desirable but not essential 


Appointment will be made at a salary level of not less than $A16,359 per annum 
The appointment to CSIRO is for an indefinite period. The time spent in Indonesia 
may be negotiated but it 1s anticipated that at least five years would be required 
for the appointee to lead the programme to a fully operational stage The appoint- 
ment carries superannuation benefits subject to medical examination 


Liberal living and educational allowances, subsidies on house rentals, medical 
and dental assistance and leave fares are available when,the appointee is located in 


Indonesia 


. 
Applications stating full personal and professional details, the names of at least 
two referees, and quoting Reference Number 1000/1, should reach 


The Secretary (Administration), 
Head Office, CSIRO, 


te 


P.O. Box 225, Dickson, A.C.T., Australia 2602, 2 


by the 5th October 1973 n 


Scientists seeRing further information on this position should also write to the 


above address 


(580) 


PERTH "WESTERN AUSTRALIA 
CURATOR 

Applications are invited for the position of 
Curator in the Zoological Gardens, Perth, 
Western Australia 

Quahfications A degree in Vetermary 
Science or Zoology or equivalent along with 
anummal-keeping experience ijs required Pre- 
ference given to applicants with zoo experi- 
ence 

Duties Responsible to Director for custom- 
ary dutes including some administrative and 
educational duties 

Conditions of Service State Public Service 
conditions including superannuation and long 
service leave Duty is rostered, six weeks’ 
annual leave 

Salary Linked to Level I State Veterinary 
Scientist, at present $A6,740 to $A8,826, 
negotiable 

Fare and Removal Allowance Interstate 
Australian and Overseas fare and removal 
allowance will be paid 

Information and Application 


The Director 
Zoological Gardens, 
20 Labouchere Road, 
South Perth 

Western Australia 





-w | 





UNIVERSITY COLLEGE LONDON 


Department of Pharmacology 


POSTDOCTORAL RESEARCH 
ASSISTANT 


‘Applications are mvited for a MRC sup- 
ported project concernmg the role of calcium 
an the triggering of secretory processes A good 
background in the physical aspects of cellular 
and membrane biology is required 







‘Apply to Professor J L Mongar, Department 
of Pharmacology, University College London, 
Gower Street, London WOIE 6BT (609) 












UNIVERSITY OF READING 
LECTURESHIP IN GEOGRAPHY 


Applications are invited for a Lectureship in the 


Department of Geography Applicants should have 
a good overall capacity in quantitative methods with 
a capability in the field of location theory/spatial 
analysis He or she should also have a specialist 
research interest in the evaluation and planning of 
water resources, based on appropriate capability in 
hydrology 

The person appomted should take up duties on 
October 1, 1973 or such other date as can be 
arranged 

Further particulars may be obtained from the 
Registrar (Room 208 Whiteknigh:s House), The 
University, Whiteknights, Reading RG6 2AH, by 
whom applications should be received not later than 
September 21, 1973 (619) 


ZOOLOGICAL PARKS BOARD OF 
NEW SOUTH WALES 


CURATOR OF MAMMALS 


Applicants should have a degree m Zoology or a 
closely related discipline and experience in the 
husbandry of non-domestic mammals Research 
ability in Ethology or Nutrition is desirable 

Salary will be determined in regard to qualifica- 
tons and experience 

Applications, accompanied by the names of three 
referees, should be made, not later than December 
15, 1973, to The Director, Taronga Zoological Park, 
Mosman, NSW 2088, Australia, from whom 
details of conditions and duties may be obtained on 
request (622) 


1 





ROYAL HOSPITAL FOR 


SICK CHILDREN 
EDINBURGH 

TECHNICIAN or GRADUATE TECHNI- 
OIAWN to assist with enzyme assays on cells in 
the diagnosis and investigation of inborn errors 
of metabolism Salary scale—£1,335 to £2,154 
per annum Applications in writing, together 
with the names of two referees to the Secre- 
tary, Royal Hospital for Sick Children, 1 
Rillbank Terrace, Edinburgh, EH9 1LN, 
quoting Ref P41 (614) 


ABSTRACTOR 


A graduate in microbiology, physiology or 
biochemistry, with good knowledge of German, 
required by the publisher of Microbiology 
Abstracts for full-trme employment 


Please apply to Dr E S Krudy, Information 
Retrieval Limited, 1 Falconberg Court, London 
WIV SFG (601) 


KINGSTON POLYTECHNIC 
School of Geology 


SENIOR 
TECHNICIAN 


expenenced in making thin sections and related 
techniques. Grade T3/4 £1,416 to £1,908, plus 
qualification allowance if applicable 


Application forms from, Assistant Registrar, 
Kingston Polytechnic, Penrhyn Road, Kingston 
upon Thames KT1 2EE Tel 01-549 1366 

(595) 
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Ulster College 





Northern Ireland 
i Polytechnic 


Faculty of Science 


Lecturer II/I 


GENETICS 


The successful candidate will work within the Cell 
Biology Section of the Biological Sciences Division 

of the School of Biological and Earth Sciences and 

will promote and develop the teaching of genetics 

There ts good technical and administra ive support 
and research is actively encouraged 


Applicants should possess an Honours degree in 
one of the biological sciences which includes a 
substantial amount of genetics or a post-graduate 
qualification in genetics, moleculer or cell biology 


The Polytechnic is a f'apidly developing institution 
of higher education housed on a superb modern 
campus of 114 acres overlooking the sea at 
Jordanstown, a quiet and pleasant residential area 
There is a generous scheme of assistance with 


removal expenses 


Further particulars and application forms, which 
must be returned by 2| September, may be 
obtained by telephoning Whiteabbey 5131 (ext 


2243) or by writing to 


The Establishment Officer, Ulster College, 
The Northern Ireland Polytechnic, 


Newtownabbey, Co Antrim, BT 37 OQB 


(596) 


ST THOMAS'S HOSPITAL 
MEDICAL SCHOOL 


(UNIVERSITY OF LONDON) 
London SEI 7EH 


POST-DOCTORAL RESEARCH ASSISTANT re- 
quid in group working on voluntary muscle con- 


trol Good traimng in Neurophysiology essential 
Applications in writing to Professor A Taylor, 
Sherrington School of Physiology (621) 





HEBREW UNIVERSITY-HADASSAH 


MEDICAL SCHOOL 
JERUSALEM, ISRAEL 


POST-DOCTORAL RESEARCH ASSOCIATE 
wanted for project_on biotransformations using plant 
tissue cultures Biochemist or microbiologist pre- 
ferred Position for one year, renewable for second 
year Stipend in range of IL13-15,000 per year 

Send cv and names of referees to Professor 
R I Mateles, Laboratory of Applied Microbiology, 
PO Box 1172, Jerusalem, Israel (623) 





UNIVERSITY OF LEICESTER 
DEPARTMENT OF GENETICS 


POSTDOCTORAL RESEARCH 
ASSISTANT 


Applications are invited from  Biochemists and 
Molecular Geneticists for a Postdoctoral Research 
Assistantship financed by a& MRC Project Grant 
The object of the research will be the isolation and 
biochemical characterization of specific membrane 
fragments from E col? involved in binding DNA 
The role of such DNA- brane complexes in 
DNA replication will be examined and opportuni- 
ties will be available to use a wide variety of tech- 
niques in Molecular Biology gnd Microbial Genetics 

The appointment will be tenable for up to 3 
years from October 1, 1973, or as soon after as can 
be arranged Salary from £1,764 (X159, x156— 
£2,079) per annum with full FSSU provision 

Applications with names of two referees to Dr 
I B Holland, Department of Genetics, University 
of Leicester, Leicester LE1 7RH (618) 


DEPARTMENT OF NUCLEAR 
MEDICINE 
ROYAL MARSDEN HOSPITAL 
Downs Road, Sutton, Surrey 


A SCIENCE GRADUATE is required to complete 
a team concerned with the development of radio- 
active isotope techniques used to discover tumours 
by scanning or in vitro methods Enthusiasm and 
a biological background are essential Research 
experience would be an advantage 


Salary range  £1,566-£1,980--L W 


Applications to the Administrator, 
ext 2000 


01-642 6011, 
(617) 


THAMES POLYTECHNIC 


RESEARCH ASSISTANTS 
IN CHEMISTRY 


Applications are invited from holders of 
good honours degrees and from graduates 
of the RIC for several posts of Research 
Assistant with effect from October 1973 


Successful candidates will work towards a 
higher degree of the CNAA and contribute 
6 hours each week to the teaching pro- 
gramme of the School of Chemistry 


Salary — £1,320X£55(2)—£1,430 per annum 


. 

Further particulars and form of apphca- 
tion may be obtained from the Secretary, 
Thames Polytechnic, Wellington Street, London 


SE18 6PF, to whom completed applications 
should be returned by September 25, [A7 
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Fonction publique 
Canada ts 


Public Service 


iv Canada . 


THIS COMPETITION IS OPEN TO BOTH MEN AND WOMEN 


SURFICIAL MARINE GEOLOGIST 
Salary up to $16,055 


Atlantic Geoscience Centre, Geological Survey of Canada 
Department of Energy, Mines and Resources 
Bedford Institute of Oceanography 
Dartmouth, Nova Scotia 


DUTIES. Under the general direction of the Head of the Regional Reconnaisance 
Sub-Division, plans and organizes the inventory of the Tertiary and Quaternary 
sediments of the East Canadian and Arctic continental shelves and slopes Establishes 
the Cenozoic sedimentary history of the continental margin Describes the sea floor 
terrain characteristics and sediment mobility, particularly where relevant to engineering 
problems of bottom mounted industrial equipment 


QUALIFICATIONS: University graduation at the Doctorate level or equivalent, 
in areas related to the research activities of the Sub-division Experience tn surficial 
geology research in a marine environment Is desirable Knowledge of the English 
language 1s essential! for this position 
Forward "Application for Employment” (Form PSC 367-401) available at Post Offices, 
Canada Manpower Centres and Public Service Commission of Canada offices or a 
detailed résumé by September 30, 1973, to 

SCIENCES AND TECHNOLOGY PROGRAM 

PUBLIC SERVICE COMMISSION OF CANADA 

OTTAWA, ONTARIO, KIA OM7 


Please quote reference number 73-1 10-54 


Appointments as a result of this competition are subject to the provisions of the 
Public Service Employment Act 
(574) 


E 


Shearwater © . 


SALA LLL 
Fish Farming 


Shearwater is a new business within the BOC Group Our aim is to become 
a major force in the rapidly growing fish farming industry, and to help us 
achieve this we are now looking for 


Project Biologist R 

to establish and operate a field station in NW England, and to develop fish 
rearing systems on a widening range of spectes and environments He or 
she will be the focal point for all biological aspects of the business 
Candidates with an honours degree in biology, or closely related subject, 
should combine this with strong commercial orientation 


Contracts Biologist 


to provide a total customer service including preparation of site specifica- 
tions, quotations, sales negotiations and customer support services 
Candidates must display a proven ability to sell, together with the relevant 
training in applied biology There will be extensive travel Location may 
well reflect personal circumstances 

In addition to attractive salaries both jobs will carry large-company benefits 
and a car 


If you think you will be successful in one of these jobs, plgase write and tell 
us why 


Chris Bett, 
BOC Shearwater Equipment, 


Hammersmith House, 
London, W6 9DX 
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FELLOWSHIPS AND 
STUDENTSHIPS 


UNIVERSITY OF DUNDEE 


DEPARTMENT OF 
MATHEMATICS 


RESEARCH FELLOWSHIPS 


Applications are invited for Research Fellow- 
ships to undertake theoretical studies on the 
propagation of sound in liquids and elasuc 
plates Applicants should have appropriate 
qualifications ın Mathematics, Physics or 


Engineering but need not have worked in the 
field of acoustics previously The appointments 
will start from October 1, 1973, or as soon 
thereafter as may be mutually agreed, and 
will be for an initial period of two years at an 
mitial salary between £1,929-£2,223 with FSSU 
benefits 


Applications, containing the names and 
addresses of two referees, and quoting Refer- 
ence Est/65/73J, should be sent as soon as 
possible to the Secretary, The University, Dun- 
dee DD1 4HN, from whom further particulars 
can be obtained 





A POSTDOCTORAL FELLOWSHIP, financed by 
the World Health Organization, 1s available for 1 
year with possible extension to 3 years for a person 
with experience in separating protems and peptides 
from biological fluid to collaborate in a project aimed 
at isolating and characterizing the anti-FSH or 
*nhibin" activity recently demonstrated in rete testis 
flud Salary £1,790 pa currently under review 
plus FSSU benefits —Apply to Dr B P Setchell, 
Department of Biochemistry, ARC Institute of 
Anmal Physiology, Babraham, Cambridge S JAT 





UNIVERSITY OF SOUTHAMPTON 
DEPARTMENT OF PHYSICS 


POSTDOCTORAL RESEARCH 
FELLOWSHIP IN MAGNETISM 


Applications are inyited from candidates with a 
PhD degree for a Science Research Council Research 
Fellowship The research 18 concerned with the 
preparation and study of the magnetic properties 
of amorphous rare earth transition metal alloys 
The Fellowship 1s tenable for a period of three 
years Initial salary up to £1,929 per annum plus 
FSSU 

further particulars rhay be obtained from the 
Deputy Secretary’s Section (Ext 2400), The Um- 
yersity, Southampton SO9 5NH, to whom applica- 
tion should be made as soon as possible Please 
quote reference No Na 125/R (492) 





THE UNIVERSITY OF SHEFFIELD 


DEPARTMENT OF HUMAN BIOLOGY 
AND ANATOMY 


A three-year POSTGRADUATE STUDENTSHIP 
1s available for work on the effects of hypoxia on 
pregnancy jn experimental animals The appointed 
person will be expected to register for a PhD 
degree Those interested are asked to write to Dr 
E J Clegg The conditions are similar to those 
relating to Research Council Studentships Quote 
Ref R56/G (545) 


THAMES POLYTECHNIC 
SCHOOL OF BIOLOGICAL 
SCIENCES 


Applications are invited for 
POST-DOCTORAL RESEARCH 
FELLOW IN 
BIOCHEMISTRY 


Applications are invited from appropriately 
qualified persons for the post of Post-Doctoral 
Research Fellow in the School of Biological 
Sciences The successful applicant wil be 
required to work on applications of affinity 
chromatography and related techniques to lipo- 
philic proteins Previous experience with mem- 
brane proteins, although not essential, would 
be an added recommendation 

The post, which is financed by the SR C, 
as of two years’ duration and is at a salary of 
£1881 by £72 plus London weighting It 1s 
hoped to make the appointment with effect 
from October next 

Further particulars and form of application 
may be obtained from the Secretary, Thames 
Polytechme, Wellington Street, London SE18 
6PF, to whom completed applications should 
be returned by September 21, 1973 (535) 
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UNIVERSITY OF LONDON 


INSTITUTE OF PSYCHIATRY 
DEPARTMENT OF NEUROLOGY 


POSTDOCTORAL RESEARCH 
FELLOWSHIP 


Applications are invited from recently qualified 
doctorates in biochemistry or pharmacology for a 
study of the biochemical/pharmacological basis of 
some drug-induced basal ganglia diseases Suitable 
candidates should preferably have a knowledge of 
biogenic amine metabolism and be familiar with 
current physico-chemical methods of analysis 

Salary within the range £1,926 to £2,241 including 
London Allowance renewable annually up to three 
years 

Applications in writing together with curriculum 
vitae should be sent to the Secretary, Institute of 
Psychiatry De Crespigny Park, Denmark Hill, London 
SES 8AF from whom further details may be obtained, 
quoung reference PJ/N (532) 


UNIVERSITY OF SUSSEX 
SCHOOL OF MOLICULAR SCIENCES 
POSTDOCTORAL FELLOWSHIP 

IN CLINICAL CHEMISTRY 


Applicauons are invited for the above post to 
work in collaboration with a small biomcdical group 
on the application of kinctic methods to the develop- 
ment of automated analytical procedures in clinical 
biochemistry 

The appomtment is for one year in the first 
instance, commencing October 1, 1973, or as soon 
as possible thereafter Salary dependent upon age 
and experience in the range £1,929 to £2223 per 
annum plus FSSU 

Applications with the names and addresses of 
two refcrees should be sent to the Sub-Dean, School 
of Molecular Sciences, University cf Sussex, Brighton 
BNI 9QJ, from whom further information may be 
obtained (505) 


UNIVERSITY OF NOTTINGHAM 


ARC POSTDOCTORAL 
FELLOWSHIP 


Applications are invited for a three year post- 
doctoral fellowship financed by the Agricultural 
Research Council to extend current investigations into 
the state of water in meat using nmr and other 
relaxation techniques A background of either bio- 
ch.mistry, chemistry or physics would be appropriate 
Ihe project 1s a joint exercise between the Depari- 
ment of Physics (Dr W  Derbysh re) and the Food 
Science Laboratories of the Department of Applied 
Biochemistry and Nutrition 

Further details and application forms may be ob- 
tained from I M V Blanshard, Department of 
Apphed Biochemistry and Nutrtion, Nottmgham 
Unwersity Sutton Bonington, Loughborough, Leics 
1112 5RD (563) 


university of wales 


unIveRsIty 


COLLEGE OF 
Swansea. 


POST-DOCTORAL 
FELLOWSHIPS 


Applications are invited for two vacancies of 
Post-doctoral Fellow in the Department of 
Chemistry to work on 





(a) applications of carbohydrate N-mitroso- 
amides, and 


(b) synthesis of branched-chain sugars and 
aldulose derivatives 


Both posts are tenable from October 1, 1973 
and will be for one year, at a salary of £1 929 
per annum 


Further particulars and application forms 
may be obtained from the Registrar, Secretary, 





XXXV 


MAX-PLANCK-INSTITUT FUR MOLEKULARE GENETIK 
West Berlin 
has available one or two research associate positions for 


(1) BIOCHEMISTS 
with some post-doctoral experience for work related to DNA 
replication 1n bacteria, 
one post-doctoral fellowship each for 


(2) an ENZYMOLOGIST 


to work on the biochemistry of conjugation in E colt, 


(3) a BIOCHEMIST 


to work on the molecular mechanism of phototropism 
Phycomyces 


Applications for (1) to Professor H Schuster 
(2) to Dr M Achtman 
(3) to Dr V Russo 


Max-Planck-Institut fur Molekulare Genetik 
Ihnestrasse 63—73 
1000 Beflin 33, Germany 


UNIVERSITY OF ABERDEFN 
RESEARCH FELLOW IN 
BACTERIOLOGY 


A vacancy cxists for a graduate research worher 
supported by a three-year MRC grant for a pro- 


THAMES POLYTECHNIC 
SCHOOL OF MEDICINE 


RESEARCH FELLOWSHIP 
IN CHEMICAL EDUCATION 


Applications are invited for the post of 
Research Fellow The successful candidate 
wil develop tertiary level chemistry curricula 
and associated teachirg methods The post 1s 
available from the Autumn of 1973 and tenable 
in the first instance, for a period of two years 


Salary £1 984X £85(3)—£2 239 per annum 


Further particulars and form of application 
may be obtained from the Secretary, Thames 
Polytechnic, Wellington Street, London 

18 6PF, to whom completed applications 
should be returned by September 25, 1973 

(611) 





ject concerned with mechanisms of antiviral immu- 
nty A post-doctoral worher is prefered but a 
good honours graduate in the biological sciences will 
also be considered Experience in immunology or 
virology ıs desirable Salary m range £1,929 to 
£2 223 

Further particulars from the Secretary, The Uni- 
versity, Aberdcen with whom applications (2 copies) 
should be lodged by September 29, 1973 (551) 


THF MINISTRY OF AGRICLLTURE, FISHER- 
is and Food is prepared this ycar to offer a 
RESEARCH STUDENTSHIP to graduates with at 
least an upper second digree, tenable in the Depart- 
ment of Applied Zoology University College of 
North Wales, Bangor, Cacrns, for work on either 
the effects of insecticide formulation on the biology 
of aphids or ants or the biology of parasitic worm 
establishmcnt and survival The value of MAFF 
awards 1s normally £675 per annum —Applications 
naming two referees, should be addressed as soon 
as possible to the Head of the Department (582) 


SCIENCE RESEARCH COUNCIL 
Royal Greenwich Observatory 


SENIOR RESEARCH 
FELLOW 


A Senior Research Fellow 1s required to develop ground-based equipment and carry out 
astronomical research in any one of the following fields infra-red astronomy, use of digital 
detectors, image tubeg echelle spectrographs, interfcrometers, telescopis and data handling 


Applications are invited from candidates with a Ph D and preferably some postdoctoral 
experience in the appliation of modern instrumental developments in one or more of the 


above fields bad 


Fellowships are normally tenable for 3 ycars and atjract a stipend within the range £2,611 
to £3252 dependent eupon qualifications and experience 


Applications should be made by September 17, 1973 onea form obtainable from Mr 
T Treglown, Royal Greenwich Observatory, Herstmonceux Castle Nr  HaisMam Sussex 
Telephone Herstmonceux 3171 Ext 206 (592) 


University College of Swafisea, Singleton Park, 
Swansea SA2 8PP, to whom they should be 
feturned as soon as possible (603) 
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UNIVERSITY OF GLASGOW 


DEPARTMENT OF CHEMISTRY 


Applications are invited. for an SRC 
POST-DOCTORAL FELLOWSHIP under the 
direction of Professor S J Thomson and Dr 
G Webb The work wili be in the field of 
molecular beam studies of surface-catalysed 
reactions Candidates should preferably have 
experience n surface chemistry or related 
fields The post wil be tenable for two 
years from October 1, 1973, or as soon there- 
after as can be arranged The salary will be 
in the range £1,923 to £2079 per annum for 
suitably qualified applicants 


Applications, with curriculum vitae and the 
names of two referees, should be sent to Pro- 
fessor S J Thomson, Department of Chemis- 
try, The University of Glasgow, Glasgow G12 
8QQ, and in reply please quote Ref No 
3339M (616) 





MONASH UNIVERSITY 


DEPARTMENT OF PHYSIOLOGY 
(including Pharmacology) 


LECTURER, SENIOR TEACHING 
FELLOW or TEACHING FELLOW 


The Department of Physiology conducts courses in 
Physiology and Pharmacology for B Sc (Hons) and 
MB, BS degrees and accepts graduate students for 
MSc and PhD degrees Duties will relate especi- 
ally to Science undergraduate teaching Research 
interests include brain ultra structure, neurophysio- 
logy, biophysics and pharmacology of central and 
peripheral synapses, muscle biophysics, circulatory 
physiology and pharmacology, renal and endocrine 
Physiology Applicants for Senior Teaching Fellow- 
ship or Lecturer should preferably have a PhD or 
medical qualification 

Salary scale Lecturer, $A8,698 to $A11,982 per 
annum with superannuation based on an endowment 
assurance scheme, the employee and employer con- 
tribuüng 5 per cent and 10 per cent respectively 

Senior Teaching Fellow $47,270 to $A8,698 per 


annum Teachıng Fellow $A5,740 to $A7,015 per 
annum 

Benefits Travelling expenses for appointee and 
family, removal allowance, repatriation after three 
years’ appointment if desired, temporary housing for 
an initial period Study leave entitlement (for 
Lecturers only) accumulates at the rate of one 
month’s leave for each six months’ service up to 
six years with provision for financial assistance 

Further general information and details of appli- 
cation procedure are available from Mr J D Butchart, 
Academic Registrar, Monash University, Wellington 
Road, Clayton 3168, Australia, or the Secretary- 
General, Association of Commonwealth Universities 
(Appts), 36 Gordon Square, London WCIH OPF 
Enquiries about the Department to the Chairman, 
Professor A K McIntyre, ın the University 

Closing date October 31, 1973 

The University reserves the right to make no 
appointment or to appoint by invitation (534) 





AUSTRALIAN NATIONAL UNIVERSITY 
Applications. are invited for the following 


RESEARCH SCHOOL OF 
PHYSICAL SCIENCES 


RESEARCH FELLOW/ 
POSTDOCTORAL FELLOW 
DIFFUSION RESEARCH UNIT 


The unit at presint has two academic staff, headed 
by Dr R Mills and is concerned with the measure- 
ment and interpretation of trarsport propertics in 
liquids The main effort is in diffusion studies using 
both isotopic and NMR methods Applicants 
should have a general interest in liquid state theory 
and, preferably, some experience in either of the 
above techniques 


Ceosing date October 13, 1973 


Salaries Salary on appointment will be in accord- 
ance with qualifications. and experience within the 
ranges Research Fellow $A8,969 to $A11,901 per 
annum (2 by 641, 2 by 640 1 by 641), Post- 
doctoral Fellow $A8,698 to $A11,901 per annum 

Other conditions Tenure of appointment Research 
Fellow normally for three years in the first instance, 
with the possibility of extension to a maximum of 
five years , Post-doctoral Fellow for not less than 
one year and not more than two years (two years for 
overseas appointees) Post-doctoral Fellows would 
normally have recently completed the Ph D degree 

Reasonable travel expenses are paid and assistance 
with housing 1s provided for an appointee from out- 
side Canberra Superannuation (where applicable) ıs 
on the FSSU pattern, with supplementary benefits 

The university reserves the right not to make an 


Pharmaceuticals Division 


Research Fellowship 





appointment or to make an appointment by invitation 
at any time 

Further information should be obtarned from the 
Association of Commonwealth Universities. (Appts), 
36 Gordon Square, London WC1H OPF (599) 





LECTURES AND COURSES 


CHELSEA COLLEGE 
UNIVERSITY OF LONDON 


PART-TIME MSc COURSE IN 
BIOPHYSICS AND BIOENGINEERING 


The Biophysics section of the Basic Medical 
Sciences Group, in association with other depart- 
ments and with the assistance of experts from outside 
the College, offers a course of part-time study leading 
to the degree of Master of Science in Biophysics and 
Bioengineering This covers at postgraduate level 
an area of study where physiology, physics, medicine 
and engineering meet and overlap The duration of 
the course ıs three years and students attend the 
College on two evenings a week Candidates for the 
course should normally hold a first degree ın one of 
the biological or physical sciences, jn medicine or in 
a branch of engineering 

Applications for admission in the coming October 
are invited 

Application forms and further information may be 

WATSON 2 mm oil immersion objective of fluorite 
with a matching 10x fluorite eyepiece, both unused 
obtained from The Secretary, Basic Medical Sciences 
Group, Chelsea College, Manresa Road, London SW3 
6LX (533) 





FOR SALE AND WANTED 


Always wanted 
BACK RUNS OF JOURNALS 
IN SCILNCE AND THE HUMANITIES 
WM DAWSON & SONS LTD 
Back Issues Department, 
Cannon House, Park Farm Road, 


Folkestone, Kent, England 
Tel  Folkestone 57421 (D 


Wanted and for Sale 
Scientific and Technical Reviews 
Please inquire for runs or single volumes 
SANTO VANASIA, 58 Via M. Macchi, 
20124 MILANO, Italy Q) 


THE QUEEN S AWARD 
TO INDUSTRY 
1966 196791968 1969 
1970 


We envisage a fellowship of two years 
extendable to three, on the basis of a 
competitive stipend and allowance equivalent 
to cost of FSSU cover 


We are looking for a science or medical 
graduate with postdoctoral experience in 
the field of gastric secretion/peptic ulcer 
The appointment would be as a Research 
Fellow to undertake a mode of action study 
on potential new drugs for the treatment of 
peptic ulcer 


The Pharmaceuticals Division is veryeattrac- 
tively situated in. rural North Cheshire, 
within easy reach of main road *md rail 
routes  »« Conditions of service, career 
e 
opportunities, and assistance given to married 


men in moving home would be discussed 
at interview 


There 1s a wide range of country and town 
housing within 20 minutes’ drive to cater for 
most tastes, and prices start from around 
£7,250 for a semi 3 bed and £10,000 for a 
detached property New 4 bed detached 
say around £16-18,000 


Applications, giving brief details of age, 
qualifications and experience, should be 
addressed to 


M. F. LOSSE, 

Personnel Officer, 

Imperial Chemical Industries Limited, 
Pharmaceuticals Division, 

Mereside, Alderley Park, 
MACCLESFIELD, Cheshire SK10 4TG 


(546) 
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Cover 3 


Computinus! b | u with 
stable isotopes. 
From Merck Sharp & Dohme... 


DEUTERIUM 


Alcohols 
Aldehydes 
Ketones 
Carboxylic Acids 
Aliphatic 
Hydrocarbons 
Aromatic 
Hydrocarbons 


CARBON 13 


Acetates 
lodides 
Cyanides 
Glycine 
Acetylene © 
Benzene-(ul) 
Carbon 
Tetrachloride 


Urea 


{partial list only} (partial list oniy) 


We make and stock over 500 
different compounds labeled with 
stable isotopes — and deliver 
anywhere in the world. 


And that’s not the end of it In fact by the time you read 
this we will have a couple more 

Write to us, for everything from chloroform to tris-(1,1,1, 
2,2,3,3-heptafluoro-7,7-dimethyl-d,-4,6-octanedione-d,) 
-europium(lil),|for the most complete range of isotopically 
labeled compounds available anywhere We probably have 
what you're looking for 


45 ŒD ISOTOPES 


JAPAN MSD (Japan) Co Ltd, Kowa Bldg 16 Annex 
9 20, Akasaka 1 Chome, Minato Ku, Tokyo 107, Japan 


SWITZERLAND Merck Sharp & Dohme, Filiale Schweiz, 
Utoquai 55, 8008 Zurich, Switzerland 


ITALY Prodotti Gianni SRL, Via Mecenate, N 30/14, 20138 Milano, Italy 
FRANCE SA Des Ets Barnett, 11, Rue Vernet, Paris 8e, France 


{partial list only) 


NITROGEN 15 


Ammonium Chloride. 
Nitrogen Gas 


Sodium Nitrate 
. Aspartic Acid 
Glycine 





De 


Ca 


LABELED 
BIOCHEMICALS | PRODUCTS 


0 -Glucose-(ul)-13C 
Thymine-'3C- 

Amino Acid Mixture 
-(ul)-D or 3C 

Sugar Mixture 

-(ul)-D or 13G 
Glycine-D or '3C 
Acetates-D or 13C 

L -Methionine-D or 13C 
L-Aspartic Acid-15N 


(partial fist onty) 


NMR Solvents 
| NMR Standards 


NMR Shift 
Reagents and 
Ligands 


en ght ee ee ee 




















MERCK SHARP & DOHME I 
CANADA LIMITED Isotope Division 1 
l P O Box 899, Pointe Claire/Dorval 700, Quebec l 
i Please send me your literature I 
| lamparticularly interested in. I 
I I 
I I 
Name. | 
| 
Title 
I 
Company. I 
l I 
I l 
I I 
| 
k 


——— P m 


* USA Merck & Co , Inc, 


4545 Oleatha Avenue, St Louis, Missouri 63116 


* GERMANY Sharp & Dohme G mbH, 8000 Munchen 80, Postfach 80 16 49, 


Leuchtenbergring 20, West Germany ° 


CANADA AND OTHER COUNTRIES Merck Sharp & Dohme, Canada Limited 
Isotope Division, PO Box 899, Pointe Claire/Dorval 700, Quebec 
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Cytochalasin A, B and E: 


Versatile New Tools 
for Cytological Research, 


Exclusively from Aldrich. 


Cytochalasin (Greek CYTOS, cell; CHALASIS, relaxation) 


maceuticals Division of Imperial Chemical Industries 

Limited, the CYTOCHALASINS (Greek. cytos, cell- 
chalasis, relaxation) have become increasingly important as 
research probes in cytology These CYTOCHALASINS , a 
group of structurally related fungal metabolites (CYTO- 
CHALASINS A and B from Helminthosporium dematio- 
ideum, CYTOCHALASIN E from 
Rosellima necatrix), share a number of 
unusual, interesting and characteristic 
biological effects, though varying greatly 
In potency in certain aspects To date, 
CYTOCHALASIN B has been used in 
the vast ‘majority of reported experi- 
ments 


5 ince their discovery ın 1964 ın the laboratories of the Phar- 


^4 


Major biological effects observed with 
the CYTOCHALASINS include 





CYTOCHALASIN A 
R-O 
CYTOCHAIASIN B 
R=H OH 


1 Inhibition of the division. of cyto- 
plasm Total inhibition of cytoplasmic 
cleavage 1s obtained without interference with division of the 
nucleus resulting 1n binucleate cells If cultured cells are al- 
lowed to remain in the active medium, nuclear division contin- 
ues and large multinucleate cells are observed 


2 Reversible inhibition of cell movement When moving L 
cells on a glass surface are treated with CYTOCHALASIN B, 


85,779-3 CYTOCHALASIN A 
85,777-7 CYTOCHALASIN B 
85,783-1 CYTOCHALASIN E 





peripheral and internal cell movements disappear, but are 
readily restored by washing the cells with normal medium This 
effect 1s best observed by time-lapse cinematographic studies 


3 Induction of nuclear extrusion In this very interesting phe- 
nomenon, it ıs remarkable that a cell can be induced to entirely 
eject its nucleus within minutes of treatment with a chemical 
compound Most noteworthy is the fact 
that CYTOCHALASIN E rarely pro- 
duces nuclear extrusion However, it 1s 
unique in producing a “halo” around the 
nucleus 


The CYTOCHALASINS also exert ın- 
hibitory effects on the following biologi- 
cal processes phagocytosis, platelet ag- 
gregation and clot retraction, glucose 
transport, thyroid secretion and release 
of growth hormone 


CYTOCHALASIN F 


? Continued research on these interesting 
compounds will undoubtedly uncover new effects and help 
elucidate their hitherto unknown mechanism of action. Space 
does not allow us to cite well over one hundred references from 
the literature, but a data sheet and comprehensive bibliography 
are available upon request The CYTOCHALASINS are made 
in England by Imperial Chemical Industries Limited and distri- 
buted by the Aldrich Chemical Company 


10 mg. $60.00 
10 mg. $36.00 50 mg. $150.00 
10 mg. $60.00 





Aldrich Chemical Company, Inc. 


Craftsmen in Chemistry 


in Great Britain e 
Ralph N. Emanuel Ltd. 


Home Office 
Aldrich Chemical Co., Inc. 
940 W. St. Paul Ave. 


Milwaukee, Wisconsin 53233 HAO 1PY, England 


264 Water Rd , Wembley Middx., 





® 


In Germany 

Ega-Ctfemie KG 

7924 Steinheim am Albuch 
Germany 


In Continental Europe 
Aldrich-Europe 
B-2340 Beerse, 
Beigium 





Printed m Great Britain by FLAREPATH PRINTERS LIMITED, St Albans, Herts, and published by MACMILLAN JOUENALS LIMITED. 
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T mycoplasmas on sperm 


Origin of Chandler wobble 
Siberian meteorite a black hole? 
Blood flow and platelet thrombi 

Deltatheridium a marsupial? 


Macmillan Journals Limited : 25p UK $1.00 USA 





Marine Pollution Bulletin is the only British Journal to deal 
specifically with this international problem. It contains news, 
comment and research on all matters relating to the pollution of 
estuaries, the sea and other large bodies of water. 


The latest (June 1973) research reports include: 


Interference of Oil Spill Emulsifiers with gas Chromatography 
O. C. Zafiriou, J. Myers and F. Freestone 


Arsenic in Marine Fish and Invertebrates 
P. J. LeBlanc and A. L. Jackson 


Oil Dispersant Toxicity 
E. J. Perkins, E. Gribbon and J. W. M. Logan 


' Effects of an Oil Spill in the Northern Baltic 
E. Leppakoski 


Effect of Thermal Effluent on Migrating Menhaden 
J. S. Young and C. |. Gibson 


Edited by Professor R. B. Clark, Department of Zoology, The University, Newcastle upon Tyne, 
NE1 7RU, England. 


Published by Macmillan Journals Ltd. 

Annual Subscription: £6.00 (UK and rest of the world); £7.50 (USA and Canada). 
Subscriptions may be sent to Macmillan Journals Ltd., Subscription Dept., Brunel Road, 
Basingstoke, Hants, England. 
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New Books from The Butterworth Group 


Automated Analysis of Drugs 


and Other Substances of Pharmaceutical Interest 


C. T. Rhodes, BParm, PhD, FRIC, MPS and R. E. Hone, 
BParm, MPS 


The twelve contributors to this book are highly qualified 
research scientists from laboratories in pharmaceutical 
houses, hospitals and universities in the UK, USA and 
Australia Each has had considerable experience in applying 
automated techniques and several have devised the techniques 
themselves Their practical advice will be especially valuable to 
scientists considering conversion from manual to automated 
methods, since the problems as well as the advantages of 
various methods are discussed 


1973 300 pp, illustrated 0 407 II 
l 


15I 4 cased £5 95 
0 407 1115 


06 limp £395 


Evaluated Kinetic Data for High 
Temperature Reactions 


Volume 2 Homogeneous Gas Phase Reactions of 
the H;-N;-O; System 


D. L. Baulch, MSc, PhD, D. D. Drysdale, BSc, PhD and 
D. G. Horne, BSc, PhD 


This is the second in a series of three volumes devoted to the 
critical evaluation of rate data for elementary gas phase 
reactions The reactions considered were chosen on the 
basis of their importance in combustion and high temperature 
systems in general, atr pollution and upper atmosphere 
chemistry They will be of particular value to chemists, 
physicists and chemical engineers Particular care has been 
taken to devise a format which gives rapid and easy access to 
the information, and to the useful summary tables and 
graphs Sufficient detail is given for the specialist to make 
his own assessment of the data, and extensive bibliographies 
are included 


1973 576 pp , illustrated 0 408 70480 2 £12 00 


On Documentation of Scientific 
Literature 


2nd Edition 
Th. P. Loosjes 


This book has grown out of a series of lectures given to 
students of librarianship and documentary information 
It gives a concise theoretical background for all aspects of 
documentation, both active and passive, ie the active 
organisation and derivation of bibliographical tools as well 
as their use by research workers and librarians 

Simple and direct in his presentation, the author nevertheless 
covers the entire range of documentation This second 
edition, extensively revised, will be widely welcomed by 
librarians, publishers, information scientists and all those, 
students and professionals alike, whose work involves the 
communication of information 


1973 196 pp , illustrated 0 408 70429 2 £4 50 


IUPAC. Carbohydrate Chemistry—VI 
(Madison, Wisconsin, 1972) 
Edited by W. M. Doane 


These are the plenary lectures given at the Sixth International 
Sympostum on Carbohydrate Chemistry held at Madison, 
Wisconsin in August 1972 They will be of interest to 
carbohydrate chemists, food chemists, biochemists and 
marketing managers in the food industry 

Contents Complex formation between sugars and metal 
ions The synthesis of fluorinated carbohydrates Changes 
in carbohydrate marketing as affected by research Bio- 
synthesis of connective tissue polysaccharides Cellulose 
chemistry perspective and retrospect 


1973 214 pp , illustrated 0 408 70525 6 £235 or $7 05 


JUPAC. Macromolecular Chemistry—8 
(Helsinki, 1972) 
Edited by K. Saarela 


This volume includes the plenary and main lectures presented 
at the eighth international symposium on macromolecules, 
which was the first to be held in Finland The papers cover a 
wide range of topics theoretical polymer chemistry, poly- 
merization reactions and new polymers, solid state, solution 
and bulk properties of polymers, polymer degradation and 
polysaccharides 


1973 468 pp, illustrated 0 408 70516 7 £18 00 $45 00 


IUPAC titles are available in the USA and Canada fropf Crane, Russak 9 
& Co [nc , 52 Vanderbilt Avenue, New York, NY 10017.€ . - 





Seed Ecology NG Tay 
Edited by W. Heydecker, MSc, PhD, NDH "Sa. a 


University of Nottingham 
Easter Schools in Agricultural Science 


This, the proceedings of the Nineteenth Easter School held 
in 1972, reviews a wide range of environmental factors 
affecting the germination, growth and viability of seeds, 
considering both work in the laboratory and the application 
of these studies to field situations 

The points of view considered are not only those of the plant 
ecologist, but also those of the geneticist, plant biochemist, 
plant physiologist, plant pathologist, seed technologist, 
soil physicist, agronomist and the agricultural engineer, 
this inter-disciplinary approach produces a balanced picture 
of the complex relationship which exists between seeds and 
their environment 


1973 590 pages illustrated 0 408 70460 8 £11 00 





Obtainable through any bookselfer or from the Publishers 


$8 Kingsway, Londen WC2B GAB 
* Showroom and trade counter: 4-5 Bell Yard WC2 A 
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The Mathematical Theory of the Dynamics of Biological 
Populations 


edited by M. S. Bartlett and R. W. Hiorns 
September 1973, approx. 355 pp., £7.50 
0 12.079850 6 


This work forms a valuable cross-section of the field of theoretical population biology Fundamentally, the 
contributors examine the mathematical theory of time-change in animal populations—whether these populations 
refer to land animals (including humans), fishes or insects, and whether they refer to actual migration 1n space or 
to changes in size and structure Problems such as gene flow and the epidemiological spread of infection, for 
which the mathematical equations are often similar, are included Emphasis has been placed on the relevant 
and often common theoretical techniques and methods, and these are discussed in close relation to current 
and future biological problems 


Organic Chemistry: A Series of Monographs 
Series editor: A T. Blomquist Volume 26 


Ring Transformations of Heterocycles Volume 2 


H. C. van der Plas 

October 1973, xiv 4-370 pp., £9.50 

0 12711702 4 

Here is the second volume of the first publication to deal with the fascinating manner in which heterocyclic 
systems can be transformed easily into other heterocycles The author has systematically organized, as far as 
possible the ring transformations of each ring system into a framework of ring contraction, ring retention and 


ring expansion The work will be of particular value to research workers and students concerned with heterocyclic 
and organic chemistry and biochemistry 


Recent Mathematical Developments in Control 


Proceedings of a conference held in September 1972 at the University of Bath by the 
Institute of Mathematics and its Applications, in association with the Institute of 
Physics, the Institution of Mechanical Engineers, the Institution or Electronic and 
Radio Engineers and the Institution of Electrical Engineers. 

edited by D. J. Bell 

September 1973, approx. 450 pp., £10.80 

0 12 085050 8 


This book aims to make known new developments in the theory and practice of automatic control, in the research 
areas of stability, optimal control, filtering distributed parameter systems, and algebraic systems theory The 
knowledge gained (particularly from this last area of research) has led to a better understanding of such systems, 
and this work should stimulate those teaching mathematics in higher educational establishments to include at 
least some introductory lectures on the subject 


Electronic and Structural Properties of Amorphous 
Semiconductors 


Proceedings of the Thirteenth Session of the Scottish Universities! Summer School 
in Physics . 

edited by P. G. Le Comber and J. Mort 

October 1973, approx. 650 pp., approx. £12.50 

0 12 440550 9 


Echoing the intention of the Summer School, this book sets out to present an up-to-the-minute survey of the 
field of amorphous semiconductors The coverage is broad (yet still detailed) and includes discussion on the 
theoretical, experimental, structural, electrical and photoelectronic properties of these materials As interest 
and activity in the field are high at present, many experimental details and their interpretation in the literature 
have been tentative—controversial in some cases The work is for solid state physicists, electrical and electronic 
engineers, transistor technologists and materials scientists working with or interested 1n amorphous semi- 
conductors it will appeal equally to those in academic and industrial environments 


Cytotaxonomy and Vertebrate Evolution 


edited by A. B. Chiarelli and E. Capanna 
October 1973, xvii1--760 pp., £1450 
012172535 9 


This volume offers up to date information by recognised authorities on the genetic material of vertebrates, 
from both biochemical and ultrastructural points of view Much cyto*axonomic data is also provided, and the 
evolution of the chromosome in vivo and in vitro are described Workers in the fields of vertebrate zoology, 
cytogenetics and anthropology and those with an interest in the biology of evolution will find this study to be of 


great importance 
@e 
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In suspension 


Announcing the new publishing 
house of 


Ellis Horwood Ltd 
Publisher à 


with the distribution of all titles by 
John Wiley & Sons W 
Ellis Horwood Ltd—Publisher is a new 
publishing house founded by the former 
Chairman of Van Nostrand Reinhold Ltd. 
Under the new imprint he will concentrate on 
publishing advance level professional and 
reference books in the pure and applied 
sciences 

The first two books to be published are due in 
October and are followed by an impressive 
list of forthcoming titles. 


ELECTRON SPIN RESONANCE 


by Neil M. Atherton 
Reader in Chemistry, University of Sheffield ¢ 


This comprehensive account by an authority in the field 
Surveys the basic theory underlying esr spectroscopy in 
considerably more detail than may be found elsewhere, and 
with an emphasis on its chemical applications in chemistry 
and chemical physics The straightforward mathematical 
techniques employed should enable users to get to grips with 
the subject immediately (Ellis Horwood Series in Physical 
Chemistry ) 


085312 000 5 444 pages approx. £11.50 


HANDBOOK OF PROCESS STREAM 
ANALYSIS 


by Kenneth J. Clevett 
Crest Engineering (UK) Inc London 


This up to date handbook covers theory and practical 
applications of process stream analysis These instruments 
play the vital role of continuous on-line analysis of the 
quality of a process stream in a broad spectrum of industry 
Each chapter contains a brief discussion of theory, laboratory 
measurement (where applicable) in on-line analysis, the 
operation and performance of process stream analysers for 
the particular technique and industrial applications (Ellis 
Horwood Series in Analytical Chemistry ) 


085312 001 3 544 pages approx. £13.50 
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A vibrative action to keep cells and small 
particles tn suspension, ether by using 
micro-titration plates for small amounts of 
cells and fluid or small conical flasks where 
larger quantities are required The cells may 
then by pipetted direct from the vibrator thus 
Saving time and effort of repeated shaking 
and allowing a continuous quality control to 
be achieved. The correct speed can be 
selected, depending on the type of cells or 
particles being used Variable speed up to 
about 3,000 vibrations per minute. 
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Haemophilia, F Ala and K W E Denson (editors) 
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Next Monday's issue will include 


Black holes—Not needed to explain properties of f Lyrae— 
KRIZ (Czechoslovak Academy of Sctences) 


GX2+5—Proximity to peculiar imfrared source—GLASS 
(South African Astronomical Observatory) and FEAST 
(Radcliffe Observatory) 


Crystallography—Polytypism and stacking disorder in Woll- 
astonite—JEFFERSON and BROWN (Cambridge) 


Solid state physics—Phenon effects on localized electrons— 
SHORE (California, La Jolla), SANDER (Michigan) and 
KLEINMAN (Texas) 


Next Wednesday’s issue will include 


Plasma membrane protein—Normal and Rous sarcoma 
virus-transformed chick embryo fibroblasts are compared— 
WICKUS and ROBBINS (MIT) 

Ribosome preparation—Occurrence of a DNA component— 
STYGALL (Derby) 

C-type viruses—Evidence for the existence of different inter- 
species determinants—SCHAFER, PISTER, HUNSMAN 
and MOENNIG (Max Planck Institute, Tubingen) 

Muscle—Regulation of airway smooth muscle tone by prosta- 
glandins—OREHEK, DOUGLAS, LEWIS and BOUHUYS 
(Yale University Lung Research Center) 
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Finnpipette 
now available 


in the USA 
and Canada 


Variable Volume Accurate Economical 
Hand Micropipetting Finnpipette 


The FINNPIPETTE is a very accurate, 
repeatable and economical micro- 
pipetting sysiem |t. covers the 
complete range of volumes from 
5-5,000 ul with only four units 
Units have micrometer adjustments 
in the ranges 5-50 ul (scale 1 ul), 
50-250 ul (scale 5 yl), 200- 
1000 ul (scale 10 ul) and 1,000- 
5,000 ul (scale 50 ul.) 


-iquid contacts only* disposable 
polypropylene or autoclavable boro- 
silicate glass tips 


Units can be used with test tubes of 
up to 150 mm in depth 


Positive two stage operation for 
filling and emptying 


TIPS 


Finntips are recommended for use 
with Finnpipettes (particulars on 
request) but Finnpipettes are also 
able to use many standard tips" 


From 1st September, USA prices 
will be $7850 per unit or $7000 
when 4 or more are ordered (Prices 
FOB Boston) Prices for Canada 
on request 


For USA 
Orders or inquiries to Volumetrics 
division of 


BUCKLEY MEMBRANES LIMITED 
Dept NA, 

Box 209, Industrial Way, 
Wilmington, Mass 01887 

(617) 658 5110 
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Molecular Complexes 

Volume One 

Edited by ROY FOSTER 

List of contents Theory of the Ground state 
structure of molecular complexes, Charge-transfer 
complexes in the vapour phase, Electron-donor- 
acceptor complexes at high pressures, Crystal 
structures of electron-donor-acceptor complexes, 
Molecular motion in molecular complexes, adducts 
and related species in the solid state, Chemical 
effects of molecular complexing £7 


\ 


Topics in Lipid Chemistry 
Volume Three 

Edited by F. D. GUNSTONE 

List of contents Synthetic glycerides, Fatty acids 
with conjugated unsaturation, Glyceride chirality, 
The production of fatty acids from hydrocarbons by 
micro-organisms, The preparation of alkyl esters 
from fatty acids and lipids, Plant waxes £5 


Hypnosis : 

Research Developments and Perspectives 
Edited by ERIKA FROMM and 

RONALD E. SHOR 


This collection of original chapters written by 
leading experimental investigators rs the first work 
to offer a current state-of-the-art in hypnosis 
research it is a compendium of the historical 
background, theories, issues and trends in 
hypnosis representing all major viewpoints £8 80 


Modern British Farming 


Systems 
Edited by FRANK H. GARNER 


“a really valuable introductton to the various faces 
of the farming world should be labelled 
indispensable" TES £5 (cloth) £2 75 (paper) 


OR in World War 2: 
Operational Research Against the U Boat 
C. H. WADDINGTON 


A basic exposition of the techniques of OR tn an 
extremely interesting and thoroughly readable 
form £380 


The Evolution of Radio 





Astronomy 
For Canada J. S. HEY 
p Orders or inquiries to “A masterly survey of the history of radio 
: D NA *| astronomy an excellent picture of the state of 
UE ept i modern research Naturally, the authority of the 
"a x Portex Division of Smith's «| book ıs beyond all question, and it must surely be 
bs Industries Inc accepted as the standard work about the history of 


i radio astronomy” Patrick Moore TLS £280 
A 705 Progress Avenue, " 


* Scarborough, Ontario - ELER SCIENCE 
: Ig 


ve (416) 438 6581 
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South African 
Journal of Science 


Vil 


The South African Journal of Science is the only publication of its kind to report in depth on th 
of all the sciences in Southern Africa. Established 1903 and published monthly K pork In Noy imclide T 


PHYSICAL SCIENCES 


Satellite  tracking—Radio observation of 
Scientific satellites and space probes in South 
African—HEWITT 

Geochemistry—Some carbonate members of 
the nama group, South West Africa—GERMS 

Protein modification—Chemical methods for 
changing the solubility and biological activity of 
insulin and other proteins—SUTTON 

Elementary particles—Radiative decays of 
pseudoscalar mesons—VAN DER MERWE 

Planetary physics—Did lunar capture pre-date 
22 aeons ?—ERIKSSON and TRUSWELL 


BIOLOGICAL SCIENCES 


Estuarine ecology—The interdependence of 
marine and estuarine ecosystems—HEYDORN 


Water analysis—Application of algal bioassays 
In eutrophication analysis—TORRIEN and 
STEYN 

Whales—Observations on the birth of a sperm 
wate calf—GAMBELL, LOCKYER and 
ROSS 


Giraffe—The capture and immobilization of 
giraffe—LANGMAN 


Cancer—Primary liver cancer in man as a possible 
short duration seasonal cancer—PURVES 
GENERAL 


Ergonomics—The environmental problems of 
man in South Africa—WYNDHAM 

Archaeology—The ancient pigment mines of 
Southern Africa—BEAUMONT 


Subscription price £6 00 (UK and Europe) , $15 20 (USA and Canada) , R12 00 (RSA) 


Subscription orders should be sentto Subscription Department, P O Box 31487, Braamfontein, Johannes- 
burg, South Africa Inspection copies sent on request Published by Macmillan South African (Publishers) 
(Pty) Ltd 





THE INSTITUTE OF PHYSICS. 
PUBLISHES BOOKS AND PERIODICALS 


COVERING ALL AREAS OF PHYSICS 












National Physical Laboratory 
Conference, April 1972 


Machine Perception of Patterns and 
Pictures 


Contents of the proceedings include 
Optical character recognition 
Applications of machine perception in 
medicine and biology 

Speech recognition 

Applications of machine perception in 
nuclear physics 

General aspects of pattern recognition 
Digital image processing for informa- 
tion extraction 


1972 363pp 10" x 7" 085498 1039 
£10 00 


















































Padé Approximants 
edited by P R Graves-Morris 








Nine lectures covering both the theory 
and various applications of Padé 
methods which were delivered at a 
summer school held at the University 
of Kent in July 1972 


1973 133pp 10" x 7" 0 85498 023 7 
£7 00 
































For further details about these or any 
other Institute of Physics publications, 
please write to 








The Institute of Physics 
Netherton House, Marsh Street 
Bristol BS1 4BT (England) 
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PHYSICAL 
SGIENGES 


Macroscopic Electromagnetism 
F N H Robinson 


CONTENTS The basic field equations, Potentials, Multiple moments, Microscopic and macroscopic 
fields, Ensemble averages, Macroscopic equations of motion, Continuous media, The macroscopic 
fields, Energy, power and stress, Plane waves, Macroscopic aspects of the constitutive relations, 
Microscopic aspects of the dielectric constitutive relation, Microscopic aspects of the magnetic 
constitutive relation, Thermodynamics, Statistical mechanics, Thermal radiation, Noise and fluctuations 
304 pages £6 00 hard cover 


The Logical Analysis of Quantum Mechanics 
E Scheibe 


CONTENTS A chapter on its own Bohr's interpretation of quantum mechanics, Orthodox quantum 
mechanics in Hilbert space Formulation in terms of quantities, Orthodox quantum mechanics in 
Hilbert space Formulation in terms of properties, Determinism and indeterminism , Attempts at an 
axiomatic foundation of orthodox quantum mechanics (the Von Neumann programme) , Reduction of 
states and the measurement process, Completeness and reality 


212 pages £6 50 hard cover 


Interactions Between Electromagnetic Fields and 
Matter 


Karl-Heinz Steiner 


CONTENTS Matter as a conglomeration of charged mass points in the electromagnetic field , 
Microscopic models, characteristic curves, processes, The quantum-mechanical treatment of the 
interactions, Special processes—static and quasistatic (off resonance) interactions Dynamic processes, 
in particular resonance processes , Macroscopic structures 

368 pages £12 50 hard cover 


Binary and Multiple Systems of Stars 
A H Batten 


CONTENTS Basic concepts and terminology, The incidence of binary systems, Multiple star systems, 
The period of a binary system, Stellar masses and radi, Apsidal motion, Close binary systems and 
stellar atmospheres, Observational evidence for circumstellar matter in binary systems, Models for 
circumstellar matter, Evolution and origin of binary systems 


288 pages £4 00 hard cover 


The Use of the Scanning Electron Microscope 
Edited by J W S Hearle, J T Sparrow and P M Cross 


CONTENTS introduction to scanning electron microscopy, The interactions of electrons with solids, 
The design and use of the scanning electron microscope, Specimen preparation, Procedures for using 
a scanning electron microscope, Applications to metallurgy, Applications to fibres and polymers, 
Applications to solid state electronics, Applications to biological materials, Faults, Dimenstonal 
measurements, Management of the SEM, The future of the scanning electron microscope 

284 pages £8 80 hard cover 


Pergamon 


Pergamon Press Ltd, Headington Hill Hall, Oxford OX3 OBW 
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Smoking, Pregnancy and Publicity 


THE appearance of a news story last week opening with 
the statement that cigarette smoking during pregnancy 
“caused the deaths of 1,500 babies in Britain last year" 
was bound to be received by scientists with a certain 
cynicism that this was just another case of the heat of the 
media metamorphosing an author’s possibility into 
certainty This turned out not to be so 

The occasion for the story was the publication in 
Concern, the journal of the National Children’s Bureau, 
of an article by Mr Harvey Goldstein It was obvious on 
reading thus article that Mr Goldstein was very accurately 
reported And furthermore he was quoting in Concern 
his own research results, published with Professor N R 
Butler and Mr E M Ross ın the British Medical Journal 
of April 15, 1972 In that paper the authors concluded 
*an estimate can be made of the potential saving 1n new- 
born lives per year 1f all these women [regular smokers] 
could be persuaded to stop smoking during pregnancy 
With the 1970 overall foetal and neonatal mortality rates, 
this might amount to a saving of approximately 1,500 
babies each year Slightly different from the Concern 
version, and a lawyer would not like the ambiguous 
“potential”, but it 1s clear that the sense of the learned 
paper was accurately conveyed im the press 

Is their conclusion true and if true 1s it necessarily 
good to advise a pregnant mother to stop smoking? 

The paper ıs a compilation of statistics from 17,000 
births in one week in 1958 (before much publicity had 
been given to health risks in smoking) and 7,000 late 
foetal and neonatal deaths from a three-month period 1n 
the same year Cigarette smoking 1s parametrized by the 
number smoked daily both before pregnancy and after 
the fourth month An attempt 1s made to allow for 
“mediating” variables such as social class, maternal age 
and height and so on Two analyses are made—one of 
perinatal death rates, the other of birth weight of live 
babies, both being functions of the two variables—number 
smoked before and during pregnancy 

The analyses show the following (1) that of those who 
do not change their habits, the non-smokers have heavier 
babies which are less prone to perinatal fatalities (the 
death rate 1s 3095 higher amongst heavy smokers than 
non-smokers) , (11) those who start smoking 1n pregnancy 
tend to have lighter babies with more fatalities , and (111) 
those who stop, likewise tend to have heavier babies and 
less fatalities One more feature, not mentioned by the 
authors, 1s that 1t seems that if five or more cigarettes are 
smoked daily in the latter part of pregnancy, life and 
weight prospects are independent of the number smoked, 
so cutting down to five does not improve things The 
figures are clearly presented and are well worth close 
scrutiny , one may doubt that the populations of those 
who make extreme changes in habits are big enough to 
say very much, but the data have a general ring of 
credibility to them * 

Alas, the authors felt constrained to draw the conclu- 
sion for health education that we have already quoted 


and Mr Goldstein chooses to put it into even plainer 
words 

Jt must be said that researchers into cigarette smoking 
would regard this as an unsatisfactory experiment They 
would want to know a lot more about the behaviour of 
the smoker than 1s given, and in particular they would be 
very interested in those who gave up smoking entirely 
durmg pregnancy What had their smoking habits been 
like before? It must be remembered that these were 1n 
no sense controlled observations —the observer could not 
designate at random who was required to cut down and 
since this was the 1950s there were fewer social pressures 
on the smokers Thus the only people who stopped 
were those who found it no problem to do so and could 
perhaps see advantages to it, such as saving money on 
approachinge an expensive time In other words, the 
social smoker who probably did not inhale, certainly not 
the smoker who needed cigarettes to calm nerves Lack 
of control over the observations undoubtedly led to 
personality entering in as a variable The woman who can 
give up smoking easily 1s a different type of person from 
the one who cannot, and for all we know may be less prone 
to perinatal fatality and light babies There is a danger in 
all statistical studies ın moving from parameters to the 
physical world—we can infer that a die 1s most likely 
biased but we cannot infer how this 1s actually done We 
can likewise infer that those who gave up smoking on 
average improved their children’s health prospects but we 
cannot, from statistics, fer how or even that smoking is 
the key to it 

What should the public be told? Those who can stop 
smoking durmg pregnancy should be given every en- 
couragement But no social pressure should be brought 
to bear on those who do not wish to or are unable to stop 
This study has not shown that the 1,500 babies could be 
saved because it has not shown that compulsory abstention 
produces the same sort of statistics as voluntary absten- 
tion In fact, the later stages of pregnancy seem no time 
to try to break the habit, with all the well-known tensions 
that usually implies Further, there 1s a serious problem 
in hindsight publicity It ıs natural that every mother 
who smokes, who has lost a child and who hears of this 
study will assume a connexion between smoking and the 
death in her own family, although the background of 
"natural" fatalities ıs three times bigger than the incre- 
ment attributed to the smoking mother It 1s not clear 
that ıt makes any psychological sense to expose her to 
guilt feelings 

Pregnancy 1s a time of heightened emotion, change in 
life-style (often including loss of earnings) and well- 
meaning advice Mothers-to-be have always been under 
pressure to avoid excessive weight gains and this pressure, 
it ıs well known, frequently causes distress — Cigarettes 
often keep both wefght and nerves under control—it 
1s quite possible that adyice to stop smoking may 
have exactly the wrong effect on the mother’s total 
health 
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Tracked Hovercraft—the Need to Retain Options 


TRACKED Hovercraft Limited 1s dead and Mr Michael 
Heseltine’s political future ıs ın jeopardy These are 
the unmistakable facts to emerge from a week full of 
incident following the publication of the Select Commit- 
tee on Science and Technology’s report on the circum- 
stances of the closure of the National Research Develop- 
ment Corporation’s subsidiary 

But all 1s not completely lost and while the corpse 
1s still at Earith the persuasiveness of Mr Airey Neave 
and the showmanship of Professor Eric Laithwarte might 
combine, even now, to resurrect at least a part of the 
project 

The scientific and technological aspects of the closure 
of THL have m the past week unfortunately received a 
great deal less attention than the deeds and denials of 
Mr Michael Heseltne, Minister for Aerospace and 
Shipping There seems little doubt that in spite of Mr 
Heseltine’s hastily-called press conference last week to 
rebut the accusations of the committee, he made a grave 
error on February 12 by telling the House of Commons 
that at that ume the government was still considering 
whether or not to provide financial assistance for THL 
Nothing in the past week, even Mr Heseltine’s own 
words, has occurred even to suggest that this statement 
was true Mr Heseltine's fate, however, should not affect 
the future of the work in Britain on linear motors and 
novel means of transport 

One hopes the political element can be separated from 
the decision now urgently needed from the government 
on whether or not a national centre for linear motor 
work is to be set up ın Britam It must be made clear 
that the proposal of Professor Laithwaite and the 
Imperial College group for such a centre to be set up 
at Earith—a proposal that has been eagerly adopted 
by the select committee—does not m any way constitute 
the resetting up of Tracked Hovercraft Limited 

The government was nght to decide that THL did not 
merit further financial support 1n order to develop the 
vehicle then under test But the select committee is 
also right to pont out that the government did not 
realize the full implications of its decision and that the 
closure of a major centre (the only one in Britam) of 
a new technology had been premature At Earth too 
much faith was placed in an aspect of fundamental 
science which has quite rapidly become outdated 
Professor Laithwaite himself, m a television interview 
last week, said that even since February, when support 
for THL was withdrawn, important discoveries have 
been made in ihe field of linear motor research The 
vehicle under test at THL relied on air suspension but 
the Imperial College group has recently developed a 
motor which as well as providing propulsion also pro- 
vides suspension and levitation Such a motor, in 
principle, 1s far better than any previously developed, 
but whether it 1s a better prospect for large-scale develop- 
ment and, m the long run, a better commercial propost- 
tion can only be assessed after a Model has been built 
and tested on an appropriate length of track Here 
lies the nub ofProfessor Laithwaite’s and the select 
committee’s arguments The government has arranged 


for linear motor work and other aspects of the THL 
technology to be contmued elsewhere but it 1s essential 
that the track be available for field tests of models 

Mr Heseltine was cool to the idea that the facilities 
at Earith be turned into a national centre when the 
select committee suggested this in July It ıs hoped 
that he may even now admit that he was wrong and 
that such a centre should be given the wholehearted 
support of the government Mr Airey Neave and the 
select committee seem to have no such faith in the 
munister, for they have turned directly to the Prime 
Minister in the hope that he will refer the matter to 
Lord Rothschild and the Central Policy Review Staff. 
There are few who would query Lord Rothschild’s 
ability to make a judgment on the scale of support 
that lmear motor research, work on high speed transport 
systems, and such related technology should receive in 
Britain If the by now historic green paper on govern- 
ment research and development ıs anything to go by, 
Lord Rothschild would give a quick answer 

Britain in the past has suffered much from lost oppor- 
tumities in the fields of novel means of transport 
Remarks to the select committee by Mr John Peyton, 
Minister for Transport Industries, that the problems of 
the 1980s were impossible and those of the 1990s quite 
beyond him, although probably true, are deplorable 
Planning for the future 1s one of the tasks of the Minister 
for Transport Industries and the future does not end 
when a political career might Other countries, includmg 
the Umted States of America, have advanced at a faster 
pace than Britam im the past twenty years, in a large part 
because they have kept many more options open At 
this stage of the development of Imear motors and high 
speed suspension systems in Britam the options must be 
renewed, not rejected 


100 Years Ago 








In the observations which I have to address to you I shall not 
attempt a general survey of a subject so vast and so varied as 
the manufactures of this country, nor shall I attempt to describe 
the many new and beautiful inventions and mechanical appliances 
which form a distinguishing feature of the age in which we live 5 
but I shall endeavour to draw your attention to one of the new 
materials, namely modern steel—a material which, though of 
comparatively recent origin, has already become an important 


ee industry, and whose influence in the future seems destined to vie 


1n importance with that resulting from the introduction of iron, 


* From the opening address to the British Association by the 
President of the i xar rud Section, W H Barlow, 
E,FRS 


From Nature, 8, 426, September 18, 1873 
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OLD WORLD 


Restrictions on Marine Research Come Closer 


AFTER more than 100 hours of official 
meetings, countless corridor and coffee 
cup negotiations, and eight sweaty 
weeks in Geneva, the future of marine 
scientific research 1s still as much in 
danger as ever The preparatory meet- 
ing for next year's Law of the Sea 
Conference (which 1s due to meet in 
Santiago in April if events in Chile in 
the last few days do not cause post- 
ponement) spent some part of its 
time in one of its sub-committees 
attempting to define scientific research 
and trying to decide how free it should 
be At the end of the day a definition of 
research emerged, and several propo- 
sals were put forward as to how ıt should 
be conducted, but no guarantee that 
there will not be much tighter controls 
than currently exist emerged 

Scientific research 1s only one of many 
issues that faced the preparatory com- 
mittee (the largest committee in the 
United Nations’ history) during July and 
August In essence next year's confer- 
ence 1s intended to sort out the whole 
of the law of the sea, a brief that not 
only includes fishing and mineral and 
hydrocarbon rights in territorial waters, 
the so-called patrimonial waters, on the 
high seas and on the deep ocean floor, 
but also includes issues such as pollution, 
the establishment of an International 
Seabed Authority, defence—and scien- 
tific research 

The nub of the problem as far as 
science 1s concerned is that a block of 
the developing countries (notably the 
South Americans and some African 
states) are demanding that the proposed 
International Seabed Authority should 
regulate all scientific research on the 
high seas Expeditions would have to 
be licensed by the authority, would have 
to carry an ínternational observer and 
would have to submit their results to the 
authority before publication This pro- 
posal is prompted by the fear that ocean- 
ography has largely economic, and 
possibly military, ends—a fear that is 
not much assuaged by the extent to 
which the United States Navy has ın the 
past financed oceanography in the USA 

Hand in hand with these threatened 
restrictions on scientific research on the 
high seas comes the possibility of an 
extension of the restrictions on research 
closer to land At present the only areas 
in which marine research ıs tightly 
limited 1s in territorial waters—the three 
or twelve mile strips just off shore In 
these waters each country has complete 
sovereignty Permission is needed for 


research to take place, and while it 1s 
usually granted there are increasingly 
complaints from oceanographers about 
the difficulty of acquiring such permis- 
sion quickly enough 

This regime 1s, however, likely to be 
extended A number of developing 
nations took the stance early 1n the pre- 
paratory meetings for next year's con- 
ference (meetings that began five years 
ago) that patrimonial seas should be 
established that extend for 200 mules 
or to the outer edge of the continental 
shelf, whichever is the greater In this 
area the country with the adjoining 
coastline would have rights over fishing 
and mineral and hydrocarbon resources, 
but would not have total sovereignty 

At present, under the 1958 Geneva 
convention, permission 1s already needed 
for research on the floor of the conti- 
nental shelf, but research on the water 
column and its contents 1s unrestricted 


If the present proposals before the UN 
committee are approved, however, scien- 
tific research on the water column will 
also be subject to the adjoining coastal 
state's permission 

At first this proposal for a 200-mile 
patrimonial sea met with considerable 
opposition from the developed countries, 
but now it has received backing to a 
greater or lesser extent not only from the 
developing countries but also from 
Australia and Canada while even the 
UK. bas indicated some willingness to 
accept similar wide limits for resource 
rghts Attempts are still being made to 
protect scientific research, and the 
United States has tabled a proposal that 
those undertaking research should 
simply have to notify the relevant state 
a fixed number of days before the expe- 
dition arrives This would mark a con- 
siderable relaxation. of the current 
regime in territorial waters But as one 





EDUCATION 


Mastering Doctorates 


by our Correspondent 


THE provision of 7,000 new postgraduate 
places in universities during the current 
quinquennium could be overgenerous 
unless the emphasis 1n research degrees 
is changed from PhDs to MScs, accord- 
ing to Professor B A Cross of the Uni- 
versity of Bristol At a symposium on 
fhe future of the postgraduate in the next 
decade, held at Leckhampton, the gradu- 
ate college of Corpus Christi College, 
Cambridge, last week, Professor Cross, 
who ıs to become director of the Agricul- 
tural Research Council Institute of Anı- 
mal Physiology at Babraham from April 
next, attacked the rapid growth of PhD 
student numbers, and accused the uni- 
versities of “acquiescing to academic in- 
flation” As a result the value of the PhD 
is being undermined and government 
money is being wasted, he said Depart- 
ments tend to acquire large numbers of 
PhD students as a status symbol, only 
to choose the PhD subject for the student 
and then to use him at least partly as a 
research assistant Supervisors are also 
reluctant to give adverse reports on their 
students, even to the extent that they 
will help out with experiments and write 
the student's thesi$* 

PhD students, Professor Cross said, 
“use a lot of tinfe, resources, energies 
and spiritual reserves of the academic 
staff who can usually be more creative 


working with collaborators and post- 
doctoral fellows ” 

The answer to the problem, accord- 
ing to Professor Cross, 1s to develop a 
binary system of postgraduate education 
in which more students take MSc 
courses which allow the student to 
acquire new techniques and to make a 
disciplined attack on a problem This 
suits better the needs of industry where 
often science 1s important but creativity 
is not PhDs are needed much less by 
industry than by the universities 

Supervisors should not have to take 
on large numbers of PhD students, and 
need train a PhD student to replace 
them only once or twice in their thirty 
years’ work “We do not need a super- 
visor to produce six PhDs a year 1f we 
define the holder of a PhD as a creative 
scientist” As itis, 60% of current PhDs 
become invisible to science after gradu- 
ating as they enter other careers, and the 
research councils and the Department of 
Education and Science could have saved 
a great deal of money by allowing these 
people to take MSc instead of PhD 
courses 

The key to the problem 1s to test a 
student's motivation while he is still an 
undergraduate Research projects 
undertaken 1n first degree courses reveal 
those students with creative minds who 
have problems they want to solve, Pro- 
fessor Cross said "I am very impressed 
with the abilities of undergraduates to 
make original discoveries, research 
should start at honfours degree level" 


e 


delegate put ıt, the proposal seems to 
have a snowball’s chance in hell at 
Santiago The best that can be hoped 
for, ıt seems, 1s a regime ın patrimonial 
seas no worse than that currently 
applying to research on the continental 
shelf under the 1958 Geneva Conven- 
tion 

As for research on the high seas, the 
outcome really depends on who wins the 
battle to define the International Seabed 
Authority’s role Some developing 
countries are eager to establish a strong 
authority which would itself exploit the 
manganese nodules that cover certain 
areas of the Pacific The world’s 
nations would then be paid a percentage 
of the returns from the operation 

This proposal ıs being opposed largely 
by the developed countries (see Nature, 
243, 429, 1973, and 239, 421, 1972) 
They argue that the cost of setting up 
such a body, the problems of running it 
internationally and the difficulty of 
Staffing 1t with experts in what is a 
totally untried technology, make the 
proposal impractical, even if 1deologic- 
ally attractive Their alternative is to 
have the seabed authority license areas 
of the ocean to interested states who 
would in turn hire the companies with 
the know-how actually to mine the 
nodules Developing countries would 
benefit as much as developed, the argu- 
ment runs, because they could also 
license the companies with the necessary 
expertise (all of whom, not unnaturally, 
are based in the developed countries) 
A third proposal emerged at Geneva 
which would do something to combine 
the two approaches, allowing the autho- 
rity both to license areas of the ocean 
for exploitation. and to organize the 
exploitation itself when it has the 
expertise 

What the final outcome will be 
remains to be seen One theory ıs that 
the attacks on scientific research are 
being made in order to achieve one of 
the other objectives—the 200-mile patri- 
monial sea for example But until the 
voting system has been worked out in 
New York later this year, and until 
nations are really putting their cards on 
the table, it 1s not possible to predict the 
end result with any certainty It does, 
however, seem more than likely that 
scientific research in the waters above 
the continental shelf 1s likely to be ham- 
pered to a greater extent than at present 


DRUGS 


‘Paraquat’ Attacked 


PRESS reports that eleven-year-old Peter 
Holdsworth 1s the only person to have 
survived poisoning with the weedkiller 
‘Paraquat’ are untrue According to 
ICI, the makers of the weedkiller, it 
has recently been estimated that there 
have been twentytwo survivors from 


sixty-four cases of severe poisoning 
But Peters recovery is surprising 
enough, and the treatment used at the 
Hammersmith Hospital ıs experimental 
enough, to have aroused considerable 
interest 

He was expected to die because he 
was excreting the poison at a rate of 
5 wg ml^! on the third day after swallow- 
ing it, which indicated a blood level of 
‘Paraquat’ high enough to make lung 
damage mevitable The usual course of 
‘Paraquat’ poisoning 1s corrosive damage 
to the tissues of the mouth and gut, 
followed by kidney and liver damage— 
from all of which the patient can recover 
—but followed, after about two weeks, 
by fibrosis of the lungs from which there 
18 no recovery 

Sufferers of ‘Paraquat’ poisoning 
usually die of suffocation because of 
lung damage, for which there is no 
known antidote The question is, has 
the Hammersmith Hospital team now 
found one? The treatment involved 
three drugs The least controversial of 
these was ‘Beclamethasone’, a corttco- 
Steroad which is already in use as a 
specific drug for the control of asthma 
The Hammersmith. team hoped that it 
would help to prevent the development 
of non-functional fibrous scar tissue in 
the lungs But the effectiveness of such 
sterols administered to ‘Paraquat’ cases 
18 Still a matter of debate 

The administration of the other two 
drugs, neither of which is in general 
clinical use, was based entirely on theo- 
retical speculation ‘Paraquat’ seems 
to have a particular affinity for lung 
tissue, where it probably binds to cell 
membranes A team at the surgical and 
toxicological units of the Edinburgh 
Royal Infirmary once transplanted a 
lung into a poisoned child only to see 
fibrosis set in because of the persistence 
of a residuum of ‘Paraquat’ in the 
thorax The Hammersmith team was 
therefore looking for a chemical that 
might dislodge the ‘Paraquat’ molecule 
from its putative binding site on the 
membranes They hit on ‘D-propanolol’ 
because it happens to bind to lung tissue 
and because it 1s at the moment under 
investigation at the Hammersmith Hos- 
pital for reasons totally unrelated to 
‘Paraquat’ poisoning It 1s, in fact, one 
constituent of the ICI heart drug 
‘Inderal’, which is composed of a mix- 
ture of the D and L isomers of ‘Propano- 
loP The L isomer is the active con- 
stituent of ‘Inderal’, and the pharmaco- 
logical action of the D isomer 1s still the 
subject of research It was used in the 
treatment of Peter Holdsworth as a 
possible competitor for ‘Paraquat’ on the 
membranes of the lung tissue Whether 
this was its actual efféct, if indeed it had 
any, will be impossible to say without 
further research s 

The rationale for ‘Orgotein’, the third 
of the drugs, seems to have been some- 
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what wilder ‘Orgotein’ 1s the trade name 
for the enzyme superoxide dismutase, 
produced by Fisons Superoxide dismu- 
tases are present in varying amounts in 
the tissues of the body, where they trans. 
form highly reactive (and therefore 
damaging) free-radical oxygens into 
molecular oxygen and hydrogen per- 
oxide It is known from research on 
plants that ‘Paraquat’ can be reduced by 
biological systems to free-radical oxy- 
gen which causes damage to plant cells 
—although it 1s still not clear how great 
a part free-radical damage plays in the 
destruction of weeds by ‘Paraquat’ 

The administration of ‘Orgotein’ to 
Peter Holdsworth was thus based on 
extrapolation from work on plants, with 
the aim of breaking down hypothetical 
free radicals which might contribute to 
the destruction of lung tissue There 18, 
however, no evidence for free-radical 
damage in ‘Paraquat’ polsoning in 
animals Nor is there any evidence that 
free radicals are formed from ‘Paraquat’ 
in animal tissues This would require 
a substantial reduction voltage which ıs 
available in plants in the photosynthetic 
reactions 

Furthermore, the reactions in question 
are intracellular and ıt ıs most unlikely 
that a macromolecule such as super- 
oxide dismutase could penetrate the cell 
membrane So all ın all, the case for 
the therapeutic contribution of ‘Orgo- 
tein’ seems fairly dubious 

Until more data have been collected, 
and the clinical details of this particular 
case are published, it will of course be 
impossible to evaluate properly the last- 
ditch treatment which seems to have 
been so well rewarded at the Hammer- 
smith Hospital But the fact that a child 
has recovered in spite of having sus- 
tained some lung damage from a dose 
of ‘Paraquat’ will be enough to stimulate 
vigorous interest ın the drugs used 


RESEARCH AWARDS 


Anyone for an Award? 


THE Science Research Council has had a 
5% shortfall in applications for its 
research studentships Some 200 student- 
ships out of a total of 3,950 on offer are 
still vacant, and although not all depart- 
ments and applicants have given their 
final answers on allocations it seems 
more than likely that there will be 
appreciably more studentships available 
than there are students to take them at 
the start of next term 

A slightly different story is found at 
the other research councils At the 
Natural Environment Research Council 
all available awards will be granted, but 
the council's rejection rate for appli- 
cants for PhD awards has fallen from 15 
to 20 per cent duríng the past few years, 
to virtually nil this year But while 
applications for 1ts 261 research student. 
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ships leading to a PhD are down, appli- 
cations for MSc courses, for which the 
council provides about 170 grants, are up 
by about 20% 

The Science Research Council said 
this week that it 1s as yet too soon to be 
able to tell which subjects have been 
most affected, and the council could not 
even say whether applications for PhDs 
or for masters courses were hardest hit 

The Medical Research Council, which 
has just over 400 awards on offer, 320 
for PhDs and just under 100 for 
masters’ courses, has no such problems 
A spokesman for the council said this 
week that applications were about the 
same as last year, although it looked as 
though a shortfall was likely earlier in 
the year In fact over 1,000 applications 
were received 

What are the reasons for the fall in 
applications to SRC and NERC? 
Spokesmen for the councils are a little 
reluctant to speculate on the reasons for 
the reductions in applications except to 
point to the much improved job market 
for graduates this year, and to the pub- 
licity given over the past few years to 
the difficulty PhDs were experiencing 
in finding jobs The attack on the PhD 
launched by the Confederation of 
British Industry when giving evidence 
to a House of Commons Select Com- 
mittee recently is just one of the 
pointers 

It 1s also possible that graduates are 
following the trends that can be dis- 
cerned ın schools and first degree courses 
away from physics and chemistry and 
towards medical and social science A 
further factor may be the size of the 
grant, while there have also been sug- 
gestions that more graduates with good 
firsts are entering industry rather than 
moving into research with the result 
that the quality of applicants for PhDs 
1s lower than last year The MRC says 
its figures do not support this, and 
NERC 1s adamant that the candidates 
that are filling its research studentships 
are “fully acceptable’ Whether the 
situation will be the same among the 
SRC’s depleted ranks will not become 
plain until the council finally completes 
its sums later this year 


HIGH ENERGY PHYSICS 


Conventional CERN 


THREE months after the decision was 
taken to incorporate conventional mag- 
nets, rather than superconducting mag- 
nets, ın the super proton synchrotron 
now being built at CERN, progress 1s 
continuing apace A spokesman for 
the organization said this week that al- 
though the civil engineers who are en- 
gaged in building the tunnel have run 
into some difficulties, for example they 
encountered a pocket of natural gas 


which delayed progress earlier in the 
summer—there 1s at present no concern 
that a 400 GeV beam will not be avail- 
able by late 1976. 

There 1s little doubt that a ripple of 
disappointment ran through the high 
energy physics world with the announce- 
ment that no superconducting magnets 
will be mcorporated ın any phase of the 
design But progress with superconduct- 
ing accelerators around the world has 
been disappointing and the CERN coun- 
cil in June decided that the risks of 
non-conventional magnets would not 
be worthwhile One of the problems 
with superconducting magnets of the 
size required for CERN 1s that there 1s 
no guarantee that every magnet manu- 
factured will behave 1n exactly the same 
way 

A further problem 1s that confidence 
with superconducting accelerators is at 
a low ebb following the failure of physi- 
cists at Stanford University to obtain 
a sufficiently large voltage gradient in 
their superconducting linear electron 
accelerator The problems at Stanford 
are the same as those that were Weng 
attacked at least thirty months ago 
Essentially they boil down to the quality 
of the surface inside the accelerator sec- 
tions, which determines the voltage 
gradient which each section can with- 
stand 

But the decision at CERN to forego 
superconducting magnets means that 
the remaining deadlines in the pro- 
gramme are more likely to be met than 
otherwise would have been the case 
And, of course, conventional magnets 
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imply that the costs will be lower 

Two kilometres of the 69 kilometre 
accelerator ring have already been com- 
pleted and the plans are for the tunnel- 
ling work to be completed by the spring 
of 1975, but the “mole” which is at 
present busily at work underground will 
have completed 1ts work by the autumn 
of 1974 Installation of the magnets 
will, however, start in the completed 
sections of the tunnel in January 1974 
All the components have now been 
ordered and some of the first magnets 
have already arrived on site Two of 
the 32 Nord-10 computers which have 
been ordered for the accelerator have 
also been delivered 

Another decision taken 1n June means 
that the first beam out of the accelerator 
will be of 400 GeV and there will not 
be an intermediate stage where 200 GeV 
will be available This is certainly an 
advance on a year ago when there was 
only a commitment to build a 200 GeV 
accelerator and the extra magnets to 
increase the energy to 300 GeV would 
only be included 1f “the physics interest 
makes the extra 100 GeV 1mportant" 
Now it seems that 400 GeV will- be ob- 
tamed without the project goíng outside 
its original budget During 1973, the 
third year of the project, 188 million 
Swiss francs will be spent while it 1s 
estimated that the budget next year will 
be nearer SF200 milhon It is a remark- 
able testimony to Dr J B Adams, the 
director general of the project, that costs 
1n real terms have only increased by 6% 
a year during the past three years when 
all around there 1s high inflation 


TO" 
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NEW WORLD 


Elusive Pulse of US Science 


by our Washington Correspondent 


SCIENTISTS throughout the United States, 
who have been complaining bitterly in 
the past few years about budgetary cut- 
backs and unemployment, need little 
reminding of the fact that money for 
science 1s relatively more scarce now 
than it was in the mid-1960s The 
figures speak for themselves But how 
true are the dire predictions of a decline 
in science? And, in particular, has the 
financial squeeze seriously damaged the 
fabric and*overall quality of science in 
the United States? 

The National Science Board, the 25- 
member council which provides policy 
direction for the National Science Foun- 
dation, has been trying for the past year 
to develop the tools with which to take 
the pulse of the scientific effort 1n the 
United States, and to pinpoint warning 
signals which could indicate whether its 
health ıs ın decline The preliminary 
fruits of the endeavour, published last 
week*, provide a mine of information, 
and bring out some potentially alarming 
trends But the board js the first to 
admit that there ıs little in its analysis 
so far that can be used to measure the 
overall quality and effectiveness of the 
scientific and technological effort 

The problem is, as Dr Herbert E 
Carter, chairman of the National Science 
Board, points out in a covering letter to 
President Nixon, that the paucity of 
data has limited the report chiefly to 
dealing with resources—funds, man- 
power and equipment—and there are 
few measures of outputs from these 
resources The budget makers in the 
Nixon admunistration, who like to run 
the country along the lines of a giant 
corporation are, however, more con- 
cerned with productivity and they are 
thus more likely to be influenced by 
figures that show that the output of US 
science has declined as a result of fund- 
ing cutbacks since 1968 

Nevertheless, as far as resources are 
concerned, the board notes the following 
€ Although total expenditures on 
Science and technology show a steady 
increase from 1958 to 1972, when infla- 
tion 1s taken into account, there was a 
6% decline between 1968 and 1971 
Moreover, expressed as a proportion of 
the gross national product, total outlays 
on research and development dropped 
from 3 095 1n 1964 to 2 595 1n 1972 
€ The most marked decline in spending 
after 1968 was m the federal govern- 
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ment's science budget which, if inflation 
is taken into account, shrunk by 12% 
between 1968 and 1972 The chief 
drop was in expenditures for space 
research, and the combined total for 
defence and space declined from 86% 
of the federal science budget in 1963 
to a mere 73% 1n 1972 
@ The numbers of active scientists and 
engineers in the US grew by about 50% 
between 1960 and 1971, reaching some 
175 million Unemployment, however, 
increased steadily after 1969, peaked at 
about 26 and 29% for scientists and 
engineers respectively in early 1971, and 
began to decline again in 1972 

The National Science Board also took 
a look at what has been happening in 
other countries, but found little coherent 
pattern For example, spending on 
resefirch and development expressed as 
a proportion of gross national product 
declined in France and the UK between 
1963 and 1971, but increased in the 
USSR, Japan and West Germany As 
for the number of scientists and 
engineers engaged in research and 
development per 10,000 population, the 
proportion declined in the United 
States after 1969, but continued to 1n- 
crease in the USSR, France and West 
Germany—by 1971, the number had 
reached 37 in the USSR, 25 in the United 
States and Japan, 15 in West Germany 
and 12 ın France 

In an attempt to measure whether 
these various trends have affected the 
international standing of United States 
science, the board examined the volume 
of literature produced by United States 
scientists in eight scientific disciplines 
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(physics and geophysics, chemistry and 
metallurgy, systemic biology, molecular 
biology, mathematics, engineering, 
psychology, and economics) In seven 
of the eight disciplines, the board 
found that more literature 1s produced 
by scientists in the United States than 
in any other major developed country , 
the one exception was in chemistry 
and metallurgy, in which the USSR 
came top of the pile Moreover, 
the survey also showed that in every 
field except for systematic biology and 
mathematics, United States publications 
receive more citations on average than 
those produced in other countries 
For the two exceptions, UK scientists 
led the field, and in fact, they were 
4lso runners up to the United States 
1n the other six areas of science 

The board intends to expand and 
refine the indicators in the next few 
years, and hopes that they will "assist 
in setting priorities for the (scientific) 
enterprise, in allocating resources for 
its functions and ın guiding it towards 
needed change and new opportunities” 
Nevertheless, the board 1s quick to point 
out that “quantitative indicators, no 
matter how useful, are not a substitute 
for the experience and judgment of the 
scientific community” In view of that 
comment, it 1s perhaps worth noting that 
the report was put together in January, 
when the new arrangements for science 
policy had been announced, the Presi- 
dent’s Science Advisory Committee had 
been scrapped, and there was no provi- 
sion for formal, independent scientific 
advice from the community to the 
makers of United States science policy 





RESEARCH SPENDING 


More is Less 


by our Washington Correspondent 


THE latest set of figures on the federal 
government’s spending on research and 
development, published last week by 
the National Science Foundation, con- 
firm and extend the trends noted in the 
report of the National Science Board 
(see accompanying article) Based on 
estimates for the 1973 fiscal year and 
projected outlays in 1974, the figures 
show that when inflation is taken into 
account, the total science budget has 
remained static for the past 3 years 
And, 1n spite of affurances to the cori- 
trary by Administration officials, there 
has been a marked shift in spending 
away from basic research towards 
applied research and development 

The figures show that basic research 


received an increase of 27% in 1973 (a 
decrease of 10% if inflation is taken 
into account), and an absolute decrease 
of 20% 1s estimated for 1974, when 
the total 1s expected to be $2,400 million 
Development, on the other hand, 1s ex- 
pected to get a 3% increase in 1974 and 
applied research an increase of about 
5% 

The NSF's figures also show that the 
share of the total federal budget devoted 
to research and development dropped 
from 126% in 1965 to 72% in 1972, 
and has continued to decline to an ex- 
pected 65% in 1974 Another trend 
which was noted by the National Science 
Board and which has been extended 
by the later NSF figures is that the 
greatest increases 1n spending have been 
devoted to the life sciences, which in 
1973 and 1974 for the first time ever 
received more federal funds than 
engineering 
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HEW 


Budget Blues 


ANOTHER senior official of the 
Office of Management and Budget 
(OMB) 1s expected to be appointed 
soon to a key position in the 
Department of Health, Education 
and Welfare, according to sources 
in the Administration. He ıs Mr 
Jack Young, at present Deputy 
Associate Director of OMB for 
Energy and Science, whose jurisdic- 
tion includes NASA, the Atomic 
Energy Commission, the National 
Science Foundation and the 
National Oceanic and Atmospheric 
Administration Mr Young ts in 
line for the post of Comptroller of 
HEW, a position which will put 
his hand on the Department’s purse- 
strings and which will put him at the 
centre of the economy drive which 
1s now taking place in the depart- 
ment 

A widely respected administrator, 
Young 1s expected to replace James 
B Cardwell, the present Comp- 
troller, whose nomination to the 
post of Commissioner for Social 
Security 1s awaiting Senate con- 
firmation The top iwo positions 
in HEW are already occupied by 
former OMB  officials—Caspar 
Weinberger, Secretary of HEW, 
was Director of OMB and Under- 
secretary Frank Carlucci moved to 
the department from the post of 
Associate Director of OMB—and 
Young's appointment ıs sure to add 
fuel to the complaint that the 
department 1s being placed in the 
control of White House managers 
who have a brief to put a brake on 
its expenditures Last week, for 
example, Mr Weinberger decreed 
a 7595 cut in HEW public relations 
budgets and last month he announ- 
ced that he has scrapped 119 of the 
department's 392 advisory com- 
muttees To say nothing of the fact 
that President Nixon twice vetoed 
HEW appropriations bills when Mr 
Weinberger was Director of OMB 





SAKHAROV 


Academy Protests 


by our Washington Correspondent 


THE United States National Academy of 
Sciences has sent a sharp warning to 
authorities in the Soviet Union that 
further harrassment of Andre D 
Sakharov could harm the growing 
scientific accord between the two 
countries The warning came in a 
telegram and a longer message sent 
at the weekend by Dr Philip Handler, 


NAS President, to Mstislav V Keldysh, 
President of the Academy of Sciences 
of the USSR The telegram said, 
in part, that ‘harrassment or detention 
of Sakharov will have severe effects 
upon the relationships between scientific 
communities of the United States and 
the USSR and could vitiate our recent 
efforts towards increasing scientific 
interchange and cooperation" 

Sakharov, who has been in trouble 
with Soviet authorities for his criticisms 
of Soviet society which have appeared 
in the western press, was elected a 
foreign member of the United States 
National Academy of Sciences in April 
this year He has been officially warned 
by the Deputy General Procurator about 
his activities and at the end of August 
a letter signed by 40 members of the 
USSR Academy of Sciences, attacking 
his views, was published ın Pravda (see 
Nature, 245, 2, 1973) 

The NAS protest says that “It was 
with consternation and a sense of shame 
that we learned of the expression of 
censure of Sakharov’s contributions to 
the cause of continuing human progress 
that was signed by 40 members of your 
academy” The message says that the 
attack “revives memories of the failure 
of our own scientific community to pro- 
tect the late J R Oppenheimer from 
political attack The case of Andrei 
Sakharov, however, 1s far more painful 
for the fact that some of our Soviet 
colleagues and fellow scientists are 
among the principal attackers when one 
of the scientific community courageously 
defends the application of the scientific 
ethos to human affairs” 

In the past year or so, a number of 
scientific agreements have been signed 
between the governments of the United 
States and the Soviet Union, and the 
level of interchange between Soviet and 
American scientists 1s perhaps greater 
now than ever before The NAS 
message warns, however, that “were 
Sakharov to be deprived of his oppor- 
tunity to serve the Soviet people and 
humanity, ıt would be extremely difficult 
to imagine successful fulfilment of 
American pledges of binational scien- 
tific cooperation, the implementation of 
which is entirely dependent on the 
voluntary effort and goodwill of our 
individual scientists and scientific insti- 
tutions” 

The academy’s protest was drawn up 
by the executive committee and tele- 
phoned to those members of the NAS 
council who could be reached None 
opposed it It was not, however, 
cleared with the State Department or the 
White House, and stands 1n marked con- 
trast to the official United States 
Government position of “no comment" 
Dr Henry Kissinger, the Secretary 
Designate of State*said last week during 
hearings on his confirmation, that al- 
though he is “certainly dismayed by the 
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conditions that Academician Sakharov 
reports", the United States Government 
should not meddle in the domestic 
affairs of the Soviet Union 

Asked for his views on the protest this 
week Dr H Guyford Stever, Director 
of the National Science Foundation and 
Chairman of the Joint Commission 
which oversees the implementation of 
the joint US-USSR scientific agree- 
ments, said that he 1s sure that the joint 
programmes will go ahead because of 
their importance to world peace 


ENERGY 


Misplaced Attack 


IT 1s a familiar tactic in American 
politics for the President to rebuke 
Congress for dragging its feet on 
legislation proposed by the Ad- 
ministration But last week, Presi- 
dent Nixon added a fresh twist to 
the ritual—he accused Congress of 
failing to act on an Administration 
proposal which has not even been 
submitted Congress, he said 
during his press conference, has not 
yet acted on seven major proposals 
for dealing with the energy crisis, 
“including, for example, research 
and development in the field of coal 
and other areas” The fact 1s, 
however, that although President 
Nixon announced in June, as part 
of his latest pronouncement on 
energy policy, that he would seek an 
extra $100 millon this year for 
energy research and development— 
about half of ıt for coal research— 
no such proposal has been sent to 
Capitol Hill 

The situation. was even further 
confused earlier this week, when 
President Nixon sent a State of the 
Union message to Congress outlin- 
ing the Bills on which he wants swift 
action Acknowledging that he had 
recently announced plans for a fed- 
eral programme of research on new 
energy sources, costing $10,000 
million over the next five years, 
President Nixon said “No legislative 
action 1s needed by the Congress 
this year to provide funding, but it 
will be necessary for the Congress 
to approve such funding in the years 
ahead” The original plan, however, 
was to start the five-year programme 
in the 1975 fiscal year, but to add an 
extra $100 million to this year’s 
budget to get things started Asked 
to clarify the situation, an official 
of the Office of Management and 
Budget could offer no explanation, 
but confirmed that no supplemental 
eappropriations bill was being drawn 
up Somewhere, however, $100 
million has been lost 


0S 1 


NEWS AND VIEWS 


NATURE VOL 245 SEPTEMBER 14 1973 


Earthquakes and the Chandler Wobble 


THE matter of a neutron star can theoretically be a solid, 
or a solid mantle enclosing a liquid core, and thus some- 
what similar to the Earth. This highly theoretical solid 
necessarily invokes the attention of highly theoretical solid 
state physicists and so ıt comes about that a new variety 
of scientist pays attention to some old problems about 
rotating elastic: bodies, earlier considered in relation to 
the Earth Furthermore, if the neutron star 1s analogous 
in structure to the Earth, it may exhibit phenomena 
analogous to earthquakes, a possible interpretation of 
sudden changes in the frequency. of pulsars Hence these 
scientists also approach these problems with seismicity 
in mind. Now, Pines and Shaham return from considera- 
tion of neutron stars to take a new look at these matters in 
relation to the Earth itself (see page 77 of this issue of 
Nature and Nature Physical Science, 243, 122 , 1973) 

Pines and Shaham in their analysis define tensors, 
having the form of moment of inertia tensors, which repre- 
sent (as far as quadrupolar terms) the dep&rture from 
spherical symmetry in the Earth’s moment(s) of inertia 
oL its configuration ôk, 1ts distribution of density 6L, and 
(this being where the novelty of their treatment enters) 
that part of the Earth’s asphericity which 1s sustained by 
shear stresses ın the solid, defined as 8L.—8I, They find 
it possible to estimate all of these from the available 
observational data Their analysis leads to the conclusion 
that the Earth holds an elastic energy store of about 10* J, 
mostly due to insufficient oblateness for elastic equilibrium 
but to some extent (10%) due to a non-optimal direction 
of the pole of flattening This “angular” part of the 
elastic energy 1s much larger than has appeared in any 
previous estimates, which has important consequences 
for the effect of superposed tidal stresses 

Pines and Shaham adopt the very acceptable hypothesis 
that earthquakes occur to reduce the elastically stored 
energy in the Earth, and plausibly assume non-linear 
mechanical properties such that an earthquake will be 
triggered when the elastic energy exceeds a sufficient 
magnitude for a sufficient trme—so that longer period 
variations 1n elastic energy are emphasized by comparison 
with the larger variations of short period, such as diurnal 
tides One such variation with a period of 6 or 7 yr arises 
from interference between the annual term and the 
Chandler wobble period ın the polar tides 

Euler, in 1765, caloulated that the Earth should have a 
free nutation period of 10 months Observations failed 
to reveal such a motion, but in 1891 S C Chandler, a 
merchant of Cambridge, Massachusetts, analysed discrep- 
ancies in determinations of latitude and discovered a small 
wobble of the Earth with a period of 14 months and an 
amplitude of polar displacement of about 6 m, then in 
1892 Lord Kelvin was able to tell the British Association 
that Euler’s calculation had been wrongly made for a 
rigid Earth, and Newcomb had been able to show that 
elastic yield in the Earth would account for the lengthen- 
ing of period : 

The persisting problem has been to discover what source 
of energy maintains the Chandler wobble, which should 
be damped out by’ tidal friction Earthquakes have been 


suggested as a driving source, but are inadequate to account 
for the observed amplitude of wobble if they occur 
randomly in time Pines and Shaham’s theory, however, 
suggests preferential triggering of earthquakes at intervals 
of 6 or 7 yr, ın a consistent phase relationship to the Chand- 
ler wobble that 1s right for the maintenance rather than the 
suppression of the wobble Whitten, in 1970, examining 
the variations 1n annual seismic energy release from 1900 
onwards, found evidence of a 7 yr periodicity and sug- 
gested a connexion between this periodicity and polar 
motion Earthquakes occurring with correct preferen- 
tial phasal relationship to the Chandler wobble as pre- 
dicted by Pines and Shaham's theory can keep it going 
To attach importance to this theory, one 1s not obliged 
to accept the authors' "scenario" according to which the 
present 10" J of elastically stored energy ıs the residue of a 
much larger quantity created in an “elastic energy epoch” 
some 10° or 10° yr ago The seismic energy release rate 
of 10% J yr ıs much exceeded by the heat flow from the 
Earth, 50 mW m^? making 6 x 10” J yr, and it 1s no less 
compatible with their theory that the unshapeliness of 
the Earth, and its consequent elastic energy store, 1s 
continuously maintained by thermally induced transport 
of matter associated with this heat flow FCF 


jupiter’s Magnetosphere 


WITH two spacecraft on their way to Jupiter, considerable 
theoretical effort 1s bemg made to predict details of the 
planet’s environment In December of this year when 
Pioneer 10 reaches its pomt of closest approach, 2 86 R, 
(Jupiter radu), many of these predictions can be tested 
One aspect of Jupiter’s environment which has received 
particular attentign 1s its magnetosphere and the associated 
trapped radiation belts Recently, Mead of NASA 
Goddard Space Flight Center and Hess of the Environ- 
mental Research Laboratories, Boulder, Colorado, have 
shown that Jupiter's satellites may appreciably modify the 
particle fluxes trapped in the Jovian radiation belts 
(J geophys Res, 78, 2793, 1973) Five (Amalthea, Io, 
Europa, Ganymede, Callisto) of Jupiter's twelve satellites 
lie entirely within the magnetosphere 
The fact that Jupiter has a magnetosphere was deduced 
from the study of radio emissions from the planet The 
104 cm radiation was first discovered by Sloanaker 
(Ast) J, 64, 346, 1959) and later shown not to come 
from the surface of the planet but to have a brightness 
distribution which peaks in the equatorial plane at an 
altitude of 09 R; The radiation also has a strong 
linearly polarized component which suggests that it 1s 
*synchrotron radiation from high energy electrons trapped 
in a magnetic field Decametric radio bursts are also 
"observed from Jupiter with frequencies ranging from 
38 MHz down to the lowest frequency which can penetrate 
*the Earth's 10nosphere On the assumption that this 
radiation 1s at the electron gyrofrequency close to the 
planet one can conclude that the surface magnetic field 
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strength of Jupiter must be about 
10 gauss (compared with 03 gauss 
at the equator for the Earth’s field) 
Because of its greater magnetic field 
and because of its distance (52 au) 
from the Sun, the front or bow of the 
Jovian magnetosphere 1s expected to 
lie at about 50 R; from the planet com- 
pared with 10 Ry (Earth radi: for the 
Earth Unlike the Earth where the 
Moon lies outside the magnetosphere, 
except when it passes through the 
distant tail region, the Jovian magneto- 
sphere encloses the five innermost 
satellites 

Mead and Hess studied the ability 
of these satellites to sweep up ener- 
getic protons and electrons as they 
diffused in through the magneto- 
sphere from the solar wind They 
concluded that the sweeping up pro- 
cess 1s so efficient that the inward 
diffusing particles should be reduced 
by several orders of maguitudes at 
Europa (95 R;) and none should 
diffuse past Io (59 R;) and Amalthea 
(25 Rs) The times calculated for 
electrons and protons to diffuse past 
a given satellite range from 137 years 
at Amalthea to 0002 days at Callisto 
(266 R;). These times are long 
compared with the absorption (by a 
satellite) lifetime ın the case of Amal- 
thea, Io and Europa, approximately 
equal for Ganymede and short for 
Callisto Thus it 1s the inner three 
satellites which should primarily limit 
inward diffusion and prevent the ex- 
tension of the trapped particle region 
closer to the planet than about 6 R; 
at the equator 

The question that these results 
raise 15 how the trapped electrons can 
get close enough to the planet to pro- 
duce the synchrotron radiation which 
1$ known to come from altitudes of less 
than one Jupiter radius Mead and 
Hess offer two possible solutions to 
the problem either Jupiter's inner 
satellites do not sweep up particles as 
efficiently as the simple theory would 
suggest or there are other processes, 
unknown at the Earth, which lead to 
the rapid 1nward diffusion of protons 
and electrons The authors point out 
that 1f, for example, the inner satellites 
had an inherent magnetic field then 
this would deflect electrons and 
reduce the sweeping up effect Pro- 
tons, however, because of their greater 
momentum would still probably be 
absorbed by the satellites This would 
not necessarily be inconsistent. with 
the observations because there 1s no 
direct evidence of protons trapped 
close to Jupiter, the radio emissions 


being produced entirely by electrons 
The second suggestion can certainly 
be tested by Pioneer 10 which will 
pass close enough to the planet to 
determine whether significant fluxes 
of protons exist, in the equatorial 
plane, inside the orbit of Io 
From a Correspondent 


GENE CONTROL 


Chasing the Messengers 


from our Molecular Genetics Correspondent 


ONE of the most critical parameters of 
Bene expression in eukaryotic cells— 
and one of the least well defined—is the 
stability of messenger RNA In bac- 
teria, it ıs the very short half hfe of 
messenger RNA—measured in minutes 
—Pwhich permits the control of initiation 
of transcription to act as the critica] step 
in the expression of an operon In 
eukaryotic cells, messenger RNA has 
been known for some time to be much 
more stable, but accurate measurergents 
of its lifetime have been made only 
recently In two recent articles, Singer 
and Penman show that the population 
of messengers in HeLa cells may fall 
into two classes of stability 

Estimates for the half life of messenger 
RNA un several types of cell were made 
some years ago by following the decay 
in protein synthesis after transcription 
of messenger RNA was blocked by the 
addition of actinomycin. These esti- 
mates were generally of the order of 
2 or 3h By assaying the decline in 
messenger RNA itself directly, Singer 
and Penman (Nature, 240, 100, 1972) 
first showed that the assumptions upon 
which these estimates rested are not 
valid 

If the decline 1n protein synthesis after 
fddition. of actinomycin is due to 
degradation of previously existing 
messengers, the total number of poly- 
sommes in the cell should also decline 
And when measured directly, the 
amount of messenger RNA should of 
course also decrease But the polysomes 
extracted from HeLa cells treated with 
actinomycin sediment more slowly than 
those of untreated control cells and for 
several hours after the treatment do not 
show the expected decline ın amount 
This seems to be due to a slower rate of 
initiation of protein synthesis in the 
presence of actinomycin, a conclusion 
which implies that previous measure- 
ments of the decline in protein synthesis 
may have followed the decrease in 
initiation rather thén in messenger con- 
tent 

Direct assay of messenger content has 
become possible recently with the dis- 
covery that mRNA, contains a sequence 
of polyadenylic acid (poly (A)) , several 
methods are available for the bulk ıso- 
lation of RNA molecules containing 
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poly (A) and by using one such method 
Singer and Penman showed that in the 
first 5 h after addition of actinomycin 
to HeLa cells there is little decline in 
the content of messengers containing 
poly (A) This argues that the half life 
1$ appreciably longer than previous 
estimates 

In more detailed | measurements, 
Singer and Penman (J molec Biol , 78, 
321 , 1973) now report that two methods 
for measuring the lifetime of messenger 
RNA ın HeLa cells show that its degra- 
dation does not follow a simple expo- 
nential decline One method is to 
measure the decay in the presence of a 
radioactive label in the poly (A)-contain- 
ing fraction after a brief period of pulse 
labelling , an alternative 1s to compare 
the continuous labelling of mRNA to 
rRNA both at the beginning of a label- 
ling period and also later when a steady 
state has been reached in the presence of 
label 

When cells were labelled briefly with 
uridine and the label in mRNA followed 
over some days, the pattern of decline 
showed no one half life but can be 
fitted by assuming two populations of 
mRNA, one declining with a half hfe 
of 6~7 h and the other suffering degrada- 
tion with a half life of about 24h By 
labelling messenger RNA with H4C- 
uridine first and then with ?H-uridine 
some 19 h later, ıt was possible to show 
that about 60% of the mRNA decays 
rapidly and about 40% decays more 
slowly Measurements made ın steady 
state conditions showed that the amount 
of messenger RNA is about 5 296 of the 
amount of ribosomal RNA ın the cell 
Of this mRNA, about 3395 comprises 
the rapidly decaying species and about 
67% possesses a longer lifetime 

Further confirmation that experiments 
in the presence of actinomycin do not 
provide a reliable assay of messenger 
stability was obtained by measuring the 
lifetime of messenger 1n the presence of 
actinomycin The cell still contains two 
populations of mRNA ın these condi- 
tions, but the more rapidly decaying 
then displays a half life of about 45 h 
whereas the longer lived has a half life 
of about 12 h Messenger RNA may 
therefore decay more rapidly in the 
presence of actinomycin 

The most important implication of 
these results for models of gene control 
in eukaryotic cells is that more than one 
mechanism may exist to degrade messen- 
ger RNA Because there are two popu- 
lations of messenger molecules, each 
must be recognized by a different decay 
system or each must have a different sus- 
ceptibility to a common degradation 
system Viewed in the perspective of 
the mechanisms which may be respon- 
sible for maturing messenger RNA from 
its giant precursors, these experiments 
point towards the conclusion that each 
stage of the life of messenger RNA may 
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be under specific control, a situation 
distinct from that of bacteria where all 
messengers seem to suffer degradation 
almost immediately after their tran- 
scription (presumably by non-specific 
systems) One possible implication is 
that translational as well as transcrip- 
tional control may be important in 
mammalian cells 


INSECT REPRODUCTION 


Fertilization in Housefly 


from our Insect Physiology Correspondent 


THE spermatozoa of insects, whether 
introduced into the female by means of 
a spermatophore or by direct insemina- 
tion, must first gain access to the 
receptaculum seminis or spermatheca 
for storage, and subsequently to the 
vagina where fertilization of the eggs 
takes place The extent to which these 
movements are brought about by 
mechanical forces exerted by the ducts 
of the female, or by the active migration 
of the spermatozoa themselves, is still 
obscure and may well vary in different 
species 

The best known example of mech- 
anical control is in the queen bee, 
where a muscular pump regulates the 
transfer of spermatozoa from the 
spermatheca to the vagina But active 
movements of the spermatozoa, induced 
by various glandular secretions, are 
usually believed to be the means of 
transfer When the spermatozoa reach 
the egg as 1t enters the vagina at ovula- 
tion, they must surely migrate actively 
to find the micropyle, and must then be 
able to penetrate the covering mem- 
brane of the oocyte 

Leopold and Degrugillier (Scrence, 181, 
555 , 1973) now show that the accessory 
glands in the female housefly (Musca 
domestica) are not needed to bring 
about the active migration of the 





houseflies taken in the process of oviposition 


spermatozoa to the spermatheca, which 
1s unaffected by extirpation of these 
glands That ts in agreement with the 
conclusion of Davey, a good many years 
ago, that the opaque secretion from 
certain of the accessory glands of the 
male in Rhodnius induces peristaltic 
movements ın the genital ducts of the 
female, which serve to transport the 
sperm to the receptaculum On the 
other hand, Leopold and Degrugillier 
show that removal of the accessory 
glands in the female housefly leads to a 
reduction in fertility to less than 1% of 
that in normal flies 

The egg enters the "anterior 
chamber" just behind the point of 
junction of the common oviduct and 
the vagina Here it ıs held for several 
seconds only while from one to four 
spermatozoa enter the micropyle and 
make their way into the ooplasm In 
the absence of female accessory glands 
the sperm remain aggregated near the 
entrance of the micropyle — Whether 
this striking effect of the accessory 
gland secretion on fertility 1s due to 
activation of sperm movement, or 
whether it induces some change in the 
vitelline membrane which increases its 
permeability for spermatozoa, remains 
undetermined 


HORMONES 


Sites of Aciion 


from a Correspondent 


Ir takes a brave man to attempt to turn 
the tide of' evidence that oligopeptide 
hormones act by activation of nucleotide 
cyclases Sharma (J biol Chem, 248, 
5473 , 1973) now reports, however, that 
adrenocorticotrophic hormone (ACTH), 
when added to isolated adrenal cells, 
affects the conversion of (20S)-20- 
hydroxycholesterol to  pregnenelonee, 
this effect is insensitive to cycloheximide 
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Sagittal sections of the micropyle region of eggs within reproductive tracts of female 


(A) Sperm (arrow) are penetrating the 


micropyle of an egg held within the anterior chamber of a sham-digerated female (B) 

Numerous sperm (S) have coalesced into a single mass 1n the anterior chamber of a female 

without sex glands Flexible cuticular spines (CS) project into the lumen of the anterior 

chamber (phase contrast illumination) (C) Arrow indicates the présence of the micro- 

pyle cap on an egg that has stopped within the common oviduct (Od) of an ovipositing 

female Scale bars, 10 um (Reproduced, by permission, from Leopold and Degrugillier, 
Science, 181, 556, 1973) 
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and is not mimicked by cyclic AMP or 
its derivatives Previous observations 
that the complete conversion of choles- 
terol to pregnenelone is modulated by 
cyclic AMP are not contradicted, how- 
ever, as the first step in the conversion, 
the formation of (20S)-20-hydroxy- 
cholesterol from cholesterol, 1s found to 
be sensitive to both cycloheximidé and 
cyclic AMP 

The significance of Sharma's observa- 
tion presumably depends on the relative 
rates and sensitivities to ACTH stimu- 
lation of the two reactions It has been 
reported previously that there are two 
different classes of binding site for 
ACTH , and two different receptors may 
be responsible for the two actions of the 
hormone Sharma’s experiments will 
probably be repeated elsewhere, as the 
unifying hypothesis of cyclic AMP 
activation 1s unlikely to be easily dis- 
carded 

Two classes of renal binding sites have 
been reported for calcitonin (Marx et al , 
ibid , 4797) These authors very care- 
fully document the activity of their 
P'[-caleitonin by — investigating its 
chemical purity and ability to activate 
adenylate cyclase, thereby forestalling 
the common criticism of this kind of 
study--the poor characterization of a 
labelled hormone The degradation of 
the peptide, another difficulty in such 
studies, was reduced by the addition of 
ACTH, which reduced degradation but 
did not block binding The sites with 
high affinity and low capacity for the 
hormone are thought to be where the 
biological potency resides, and are 
clearly distinguishable from the sites of 
hormone degradation Although two 
classes of binding sites have been re- 
ported for several systems, it 1s not 
clear in every case that one class can 
be identified with the receptor-cyclase, 
and the other with degradation Con- 
siderably more study will be required 
to determine whether this is an observa- 
tion of physiological relevance 


Any enzymologist, asked to interpret 
the probable mechanism of hormone- 
stimulated adenylate cyclases, would 
surely automatically invoke “confor- 
mational change” Physical measure- 
ments in poorly purified membrane pre- 
parations are obviously not feasible, and 
the use of chemical modification re- 
actions 1s a sensible approach Storm 
and Dolginow (ibid , 5208) have utilized 
the known reactivity of adenylate 
cyclase with sulphydryl reagents and 
found that glucagon increases about ten 
times the rate of inhibition of adenylate 
cyclase activity by 10doacetamide Such 
an enhancement, besides being an ex- 
cellent indication in itself of conforma- 
tonal change, may prove useful in 
chemical studies of more purified pre- 
parations . 

Klein et al (ibid, 5552) present evid- 
ence which they interpret as the dis- 
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sociation of the glucagon binding site 
in a “solubilized” adenylate cyclase of 
myocardial origin. Glucagon binding 
could apparently be separated from 
adenylate cyclase activity by prior in- 
cubation with the hormone The adeny- 
late cyclase in the detergent used 
has been previously reported to be 
glucagon insensitive, however, so the 
authors are to be commended for their 
restraint 1n referring only to a glucagon 
binding site, and not to a receptor The 
use of SDS-acrylamide gels to determine 
the molecular weight of the complex, 
using the ™J-glucagon as a marker, 
depends on the incomplete denaturation 
of the binding component, and the 
resulting value should perhaps be 
regarded with caution 

Because of the difficulties of solu- 
bilizing hormone-sensitrve adenylate 
cyclases, and the general lack of sen- 
sitivity following the removal of lipids, 
there has been considerable speculation 
about an obligatory role for lipids 1n the 
macromolecular complex Kreiner et 
al (Proc natn Acad Sct, USA, 79, 
1785, 1973) have detected a pheno- 
menon which may be dependent on the 
lipid components—a temperature de- 
pendence of the energy of activation of 
the glucagon-stimulated hepatic adeny- 
late cyclase The effect 1s not seen in 
the fluoride or prostaglandin E, stimula- 
ton As the authors note, although the 
mole fraction of cholesterol ıs high 
(about 0 3), indicating a small bulk phase 
transition which may be at a tempera- 
ture rather different from that observed, 
It 1s quite possible that the observed 
transition ıs restricted to the environs 
of the enzyme, where the lipid com- 
position could be markedly different 
from the bulk A proper demonstration 
of protein or lipid as the temperature- 
sensitive component must presumably 
await the development of better tech- 
niques for reconstitution studies 


PSYCHIATRY 


Biochemical Psychoses 


from a Correspondent 


Mosr people with untreated phenyl- 
ketonuria (PKU) are mentally retarded 
and unlikely to have children, but some 
for unknown reasons are of normal 
intelligence It now seems, however, 
that women with undiagnosed PKU yet 
of normal intelligence are in danger of 
producing mentally retarded children 
The reason for this seems to be that the 
high blood levels of phenylalanine in 
these women can damage the foetus 
(Perry et al, New Engl J Med, 289, 
395 , 1973) 

Phenylketonuria ıs a hereditary 
disease which occurs ın one in 20,000 
births and is causéd by lack of the 
enzyme phenylalanine hydroxylase 
which converts phenylalanine to tyro- 


sine In Britain all infants are screened 
for PKU in the first few weeks of life 
either by a blood test—which is more 
reliable—or by a urme test based on 
detection of the excess phenylpyruvic 
acid produced as a result of the excess 
phenylalanine Untreated, PKU leads 
to mental retardation, behavioural dis- 
orders with psychotic features and fits 

This new work, carried out 1n British 
Columbia, arose from an investigation 
of a patient who had been previously 
unsuccessfully treated ^ with electro- 
convulsive therapy (ECT) and drugs for 
psychotic episodes but was finally 
referred for biochemical investigation 
at the age of 46, possibly as a result 
of the low IQs—25, 62, 79 and 59— 
of her four children She was found to 
excrete large amounts of phenylpyruvic 
acid, have a very high blood level of 
phenylalanine and therefore had PKU 
Her IQ was 83 

Two of her three sisters, who were of 
normal intelligence, also had high 
phenylalanine levels, and all their child- 
ren were slow learners at school, al- 
though their IQs were not recorded 
The third sister had normal levels and 
children with good school records The 
only brother, unmarried, again had 
high phenylalanine levels, although he 
was a university graduate The patient’s 
parents were found to be heterozygote 
for PKU, as were her children and her 
siblings 

The authors have reviewed all well- 
documented similar cases occurring in 
1972, and find that they support the 
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picture of high maternal phenylalanine 
levels being associated with mental re- 
tardation_in their children The higher 
the phenylalanine levels the more severe 
the retardation ıs likely to be 

Ideally, of course, all cases of PKU 
should be identified by screening ın the 
first or second week of life, but this 
work shows that possibly this should be 
repeated on all pregnant women 
Further work may show that reducing 
the phenylalanine levels 1n-the blood by 
a suitable diet may prevent damage to 
the foetus Another moral to this tale 
1s that all patients admitted to mental 
hospitals ought to undergo biochemical 
investigation in case there 1s a recogniz- 
able basis for their mental disturbance, 
otherwise patients may in some cases 
receive inappropriate treatment 


SLIME MOULDS 


mRNA Metabolism 


from a Correspondent 


Tue cellular slime mould Dictyostelium 
discoideum has long been championed 
as an ideal model system for the study 
of morphogenesis and differentiation in 
metazoan organisms Two papers by 
Firtel and colleagues in the latest issue 
of the Journal of Molecular Biology 
(79, 295 and 315, 1973) suggest, how- 
ever, that, apart from assisting in these 
more exalted aims, the slime mould also 
has a good deal to offer in the way of 
information about a more basic cellular 
activity, namely, the synthesis and pro- 





13S DNA in EF. coli Ribosome Preparations 


IN citing DNA as a component of 
Escherichia. coli ribosomal preparations 
Stygall and Hindley (in Nature New 
Biology next Wednesday, September 19) 
are anxious to prove that this is not 
due to contamination by viruses or frag- 
ments of the bacterial genome 

The authors discount the possibility 
that the DNA 1s viral in origin by treat- 
ing the DNA-ribosome complex with 
DNase before phenol extraction The 
DNA 1s degraded and they reason that, 
had it been part of a virus, its protein 
coat would have protected it from 
degradation 

More evidence is presented that the 
DNA does not originate from the bacter- 
ial genome First, the monodisperse 
13S DNA, is shown to be bound to a 
component in the ribosome preparation 
and not merely to, cosediment with it 
Second, when the ribosomes are pre- 
pared so as to minimuze shearing of 
DNA (and maintaff its high molecular 
weight), the low molecular weight DNA- 
ribosome complex «an still be isolated 
Third, although the base composition 
of the DNA shows it to be double stran- 
ded, the G plus C content is 582% 


compared with 50% for total E coli 
DNA ] 

Dissociation occurs when the DNA- 
contaming complex is brought from 10 
mM to 01 mM Mg? This makes it 
unlikely to be a bacterial relaxation com- 
plex which 1s stable in the absence of 
Mg* DNA-RNA polymerase and 
DNA-RNA-RNA polymerase com- 
plexes, which might otherwise have been 
considered as the zn vivo site of the 13S 
DNA, are similarly excluded 

Dissociation also occurs when the 
complex is treated with T, RNase This 
leads Stygall and Hindley to suggest that 
the complex might represent mRNAs 
in the process of transcription with 30S 
subunits already associated It would 
be thought, however, that after attach- 
ment of the 30S subunit, the 50S sub- 
unit would combine to form the initia- 
tion complex, but although DNA 1s 
found in ribosomal preparations it 1s 
not found in the 70S fraction The 
authors’ apparent difficulty in suggest- 
ing any explanation for this unexpected 
observation may be due to uncertainty 
as to the exact binding site of the DNA 
in their ribosomal preparations 
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cessing of messenger RNA This infor- 
mation has come from the application 
of a few simple techniques, in particular 
that of identifying RNA molecules con- 
taining poly (A) sequences by their bind- 
ing to poly (U) sepharose 

About 90% of the cytoplasmic poly 
(A)-contaming RNA, which has a sedi- 
mentation coefficient of 8—30S, is found 
in polysomes and is therefore almost 
certainly messenger RNA Each 
mRNA molecule has a stretch of 100- 
200 adenylic acid residues at the 3’ end, 
and about 90% of each molecule 
hybridizes to unique sequences in the 
DNA, leaving only 10% to anneal to 
repetitive DNA Poly (A)-containing 
RNA molecules in the nucleus, on the 
other hand, are larger than those in the 
cytoplasm, though only by about 20%, 
and a greater proportion of each mole- 
cule hybridizes to reiterated DNA The 
nuclear RNA sequences hybridizing to 
repetitive DNA are at the 5’ end of the 
molecule and are about 300 nucleotides 
long 

From these and other observations 
using pulse-chase techniques, Firtel and 
Lodish propose the following model for 
mRNA metabolism in the shme mould 
RNA is transcribed from DNA, begin- 
ning at a repeated sequence, running 
through a unique sequence and ending 
in a second short repeated sequence 
Poly (A) 1s then added post-transcrip- 
tionally and most of the 300 nucleotides 
at the 5’ end are removed before the 
molecule enters the cytoplasm, where it 
rapidly attaches to polysomes This 
model has obvious implications for the 
arrangement of repetitive and single 
copy sequences in the DNA, and must 
certainly be elaborated upon in higher 
organisms where much larger mRNA 
precursors are present and more of the 
heterogeneous nuclear RNA never 
reaches the cytoplasm 

In the course of this work Firtel, 
Baxter and Lodish made some important 
observations which have subsequently 
upset long-held ideas about the regula- 
tion of gene expression during the 
development of Dictyostehum After 
the vegetative amoebae have aggregated 
to form the motile pseudoplasmodium 
there 1s a sequential increase in the acti- 
vity of a number of enzymes, such as 
those concerned with the synthesis of 
the “slime” sheath Earlier studies, in 
which actinomycin D was used to inhibit 
total RNA synthesis by about 90 %, had 
Suggested that the messenger RNA for 
certain of these enzymes—for example, 
UDP-glucose pyrophosphorylase — 1s 
synthesized several hours before it is 
translated and until then 1s stored in a 
“masked” or inactive state — Firtel ef al y 
using their technique of selecting poly 
(A)-containing RNA molecules, show 
that very high doses of actinomycin D 
do not in fact cómpletely inhibit the 
synthesis of mRNA and that this can 


only be achieved with high doses of 
actinomycin D and daunomycin (another 
DNA intercalating drug) together Their 
results using these two drugs suggest 
that mRNA 1s translated soon after it 1s 
synthesized and that there 1s no inter- 
vening translational control mechanism 

The reason for Dictyostelium’s 
resistance to actinomycin D 1s not clear , 
the unique sequence DNA has a very 
low G-FC content compared with other 
eukaryotes and the “slime” sheath may 
restrict entry of the drug These find- 
ings, however, will undoubtedly serve 
as a cautionary tale against overinter- 
pretation of other results using actino- 
mycin D in developing systems 


EARTH'S MAGNETIC FIELD 


Pacific Window in Doubt 


from our Geomagnetism Correspondent 


ALTHOUGH the Earth's magnetic field 1s 
largely dipolar, ıt also possesses non- 
dipole components which fluctuate much 
more,rapidly with time Almost all of 
the secular variation which has been 
observed during the past few hundred 
years may be attributed to changes in 
the non-dipole part of the field having 
periods in the range 107-10? yr, but over 
longer time scales there 1s an additional 
component 1n the secular variation due 
to wobble of the dipole with a periodi- 
city of 10*-105 yr Of course, because 
the geomagnetic field has only been 
observed in detail for about 150 yr, the 
full ranges of non-dipole changes and 
dipole wobble have not been measured 
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directly But both types of variation 
contribute to the scatter of palaeo- 
magnetic directions and, conversely, 
such scatter may be analysed to give 
estimates of secular variation in the 
past (palaeosecular variation) 

Numerous analyses of this type have 
been made using rocks from various 
parts of the world , but perhaps the most 
important are those which purport to 
show’ that for at least several million 
years the secular variation (and thus, by 
implication, the non-dipole field) ın the 
central Pacific region has been anoma- 
lously low Certainly the non-dipole 
field there 1s demonstrably low at pre- 
sent, and studies of lava sequences in 
Hawaii (see, for example, Doell and 
Cox, J geophys Res, 74, 4857 , 1969) 
suggest that the state of affairs 1s far 
from temporary Why this should be 
so 1s far from clear , but one interpreta- 
tion ıs that there is some inhomogeneity 
in the lower mantle beneath the central 
Pacific which either shields the region 
above from the field variations seen 
elsewhere or reacts ın some way with 
the fluid core to suppress the correspond- 
ing part of the non-dipole field alto- 
gether In short, the low figure for the 
central Pacific field, if real, has import- 
ant geophysical implications 

But ıs ıt real? Up to now the exist- 
ence df the so-called Pacific window 
has been widely accepted even though 
its physical cause is uncertain Aziz-Ur- 
Rahman and McDougali (Geophys J, 
33, 141, 1973) now suggest, however, 
that the phenomenon may be more 
apparent than real because of the pos- 
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Nature of Beta Lyrae 


IF nothing else, the suggestion that black 
holes have been discovered in binary, 
systems has certainly stirred the theorists 
into proposing alternative models The 
latest contribution to the discussion 
comes from Kříž, who presents 1n next 
Monday's Nature Physical Science 
(September 17) a persuasive argument 
that 8 Lyr does not contain a black hole, 
but rather represents an example of 
Case B mass exchange in a close binary 
Although the secondary 1s certainly 
underluminous, Kříž argues that this 
underluminosity was exaggerated by 
previous Workers From OAO observa- 
tions and other data, he concludes that 
the secondary is of type BO-B2, which 
corresponds to a main sequence star 
with the mass estimated for the second- 
ary of B Lyr Combining the evidence 
in a Hertzsprung-Russell diagram (see 
figure), Kfiz’s estimates of the properties 
of the secondary fall plausibly about the 
terminal age main sequence (TAMS) 
which Stothers has determined for the 
Stage at the end of core burning when 
core temperature reaches a minimum 
(Astrophys J, 175, 431, 1972) 


The real problem, says Kiiz, 1s not 
“why is the secondary underluminous? ” 
but rather “why is the primary over- 
luminous?" Even so, one model of 
Case B mass exchange in a 9 Mo+31 
Mo binary leads to a primary compar- 
ably overluminous (KW in the figure), 
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falling rather above Stothers’s zero age 
main sequence (ZAMS) The black hole 
hypothesis cannot explain this over- 
luminosity, and that seems to be power- 
ful evidence against it 
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sible use of insufficient data in previous 
Studies Their own data come not from 
the central Pacific but from Norfolk and 
Philip Islands to the north of New 
Zealand in the south-west Pacific, where 
the present non-dipole field 1s high (of 
the order of 9,000y) Nevertheless, the 
results share certain features with the 
Hawanan results—and Aziz-Ur-Rahman 
and McDougall’s point 1s that their ex- 
planation for these features in the case 
of the Norfolk-Philip data may also be 
applicable to the Hawanan data 
Norfolk and Philip Islands comprise 
basaltic lavas and tuffs erupted between 
31 and 235 X 10° yr ago, although 
within this period eruption alternated 
with intervals of quiescence The rock 
samples studied by Aziz-Ur-Rahman 
and McDougall covered all periods of 
eruption which, in magnetic terms, ın- 
cluded the early Matuyama reversed 
epoch, the Gauss normal epoch and the 
Mammoth reversed event within the 
Gauss The critical fact to emerge from 
the palaeomagnetic study of more than 
200 samples from more than eighty sites 
was that the overall angular standard 
deviation for both the directions and the 
virtual geomagnetic poles 1s only 75°, 
which 1s much lower than the value to 
be expected from secular variation 
models Of course, this result could be 
taken at face value , and the conclusion 
would be that the palaeosecular vari- 
ation was anomalously low But at 
least one other feature on the overall 
data suggests that there 1s more in it 
than that Cleaned directions from all 
but one of the sites fall into distinctly 
normal and reversed groups, but the 
mean normal and reversed directions 
differ not by 180? but by 169? with an 
error of 24? In short, the two mean 
directions are not antiparallel, which 
implies that the sampling may not have 
covered the full range of field variations 
This view is supported by more de- 
tailed analyses of data subsets For 
example, for the Mammoth event data 
the precision parameter between sites 1s 
effectively infinite—which means there 1s 
no detectable dispersion in the direction 
from the twelve relevant sites In this 
case 1t would appear that the interval of 
eruption was too short for even a part 
of the full range of palaeosecular vari- 
ation to be recorded This is confirmed 
by the geology (the lack of tuff, boles or 
evidence of erosion at the flow surfaces) 
and by the close grouping of potassium- 
argon ages In the case of the Matu- 
yama epoch lavas the angular standard 
deviation 1s somewhat higher (5 3? com- 
pared with 3 8°), but again the geology 
and radiometric dating suggest a short 
eruption interval (less than 010 x 10* 
yr) For the Gauss epoch lavas the angu- 
lar standard deviation 1s higher at 7 1? 
and sampling seem8 to have covered a 
range of 035 X 10° yr, but the scatter 1s 
still much lower than that predicted by 


models Quite apart from the independ- 
ent evidence for short eruption intervals 
from the Mammoth and Matuyama 
lavas, the validity of attributing all the 
low angular standard deviations to too 
short sampling periods 1s supported by 
the fact that the mean virtual geomag- 
netic pole is 14° from the rotational 
pole To explain this in terms of con- 
tinental drift, for example, would imply 
drift rates at least an order of magnitude 
higher than usual 

So Aziz-Ur-Rahman and McDougall 
conclude that the Norfolk-Philip angular 
standard deviations are low because the 
full range of palaeosecular variations 
has not been sampled On the face of It, 
there 1s nothing spectacular about this 
at all—incomplete sampling 1s an occu- 
pational hazard in this type of work 
The fact 1s, however, that the total inter- 
val sampled on the Norfolk and Philip 
Islands ıs about 07 x 105 yr (compar- 
able with the whole length of the 
Brunhes) and both normal and reversed 
rocks are included In other words, the 
time covered is much longer than the 
estimated periodicities of secular vari- 
ations and yet the estimated palaeo- 
secular variation is still not valid 

This leads Aziz-Ur-Rahman and 
McDougall to question the validity of 
all previous studies —and particularly 
those from Hawauan rocks- -for which 
the sampling interval seemed at the time 
to be sufficient For example, many of 
the individual Hawaiian lava sequences 
investigated were erupted over periods 
of thousands to tens of thousands of 
years at various points in the Brunhes 
report In view of the Norfolk-Philip 
results, can the low angular standard 
deviations observed in the Hawaiian 
rocks still be regarded as valid estimates 
of palaeosecular variation? And, if so, 
gs the supposed central Pacific field low 
genuine? 


EARTH'S PARTICLES AND FIELDS 


Magnetospheric Energy 


from a Correspondent 


THE occurrence of the aurora, magnetic 
storms and many other natural pheno- 
mena ıs greatly influenced by the 
interaction of the Earth’s magnetic field 
with the charged particles of the solar 
wind This interaction, which gives rise 
to the magnetosphere (the region of 
space where the Earth's magnetic field 
has controlling influence), has been 
under critical review at a conference on 
the Earth’s particles and fields held in 
Sheffield from August 13 to 24 

It was reported that many of the data 
on the Earth's m&gnetic field and the 
plasma within it, which have been 
accumulated by sockets and satellites, 
increase support for the open convective 
or reconnexion model of the magneto- 
sphere 
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In the reconnexion model, the Earth's 
magnetic field lines take the form shown 
in the diagram due to the action of the 
solar wind The solar wind carries with 
it (“frozen-in”) the interplanetary mag- 
netic field (IMF) which, when pointing 
in a southward direction, can connect 
with the Earth’s field at the front of the 
magnetosphere, peel off field lines and 
carry them downstream to form a tail 
So that the magnetic flux content of the 
tail does not increase indefinitely, the 
model requires that field lines reconnect 
in the tail and are convected back to the 
sunward boundary of the magneto- 
sphere 





Reconnexion model of the Earth's 
magnetic field 


The model can be understood by 
reference to the diagram 1n which suc- 
cessive numbers indicate the motion of 
the field lines and the solid arrows give 
the direction of convective plasma flow 
An interesting feature of the model is 
that the field lines in the polar cap 
regions are open and connected to the 
interplanetary magnetic field At the 
point of reconnexion in the tail an 
X-type neutral line is formed where the 
magnetic field 1s cancelled 

The general picture of the magneto- 
Sphere is reasonably clear What has 
been in doubt for many years is the 
means by which particles are injected 
info and/or are energized within the 
magnetosphere The injection of energy 
1$ now thought to occur during magneto- 
spheric substorms The substorm manı- 
fests itself through perturbations in the 
Earth’s magnetic field and the behaviour 
of auroral forms 

The identification of a substorm from 
ground-based magnetograms was shown 
by Dr G Rostoker (University of 
Alberta) to be a complex problem 
involving the analysis of data from many 
high altitude stations It 1s particularly 
difficult to assign a precise time to the 
beginning of the substorm 

The essential feature of the substorm 
is that it corresponds to an explosive 
dissipation of energy at high latitudes 
which ıs associated with the breakup of 
auroral displays and the flow of currents 
in the ionosphere which perturb the 
Earth's magnetic field A substorm 
typically lasts for about an hour and 
results from the sudden release of mag- 
netic energy which 1s stored in the tail 
The mechanism by which the energy 1s 
released «s not understood, but the com- 
peting theories are a° discharge process 
occurring at the X-type neutral line or 
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instabilities occurring in the same region 
of the tail 

The chief bar to progress in studying 
substorms ıs the difficulty of unravelling 
the complex magnetic data to identify 
them and their starting time It has been 
established that the auroral electrojet 
index, which is a measure of currents 
flowing in the auroral ionosphere, 1s 
unreliable for this purpose Most 
workers concede this difficulty, the 
exception being C Mcllwam of the 
University of California, San Diego, 
who claims to be able to establish the 
beginning of a substorm to an accuracy 
of plus or minus five minutes and to 
have done so for over 3,000 substorms 
The basis of McIlwain's method is that 
the magnetospheric substorm corres- 
ponds to a sudden intensification of the 
electric fields in the magnetosphere 
which in turn produce an increase in 
the particle populations 1n the tail sec- 
tor These particle enhancements are 
reported by Mcllwain to be clearly seen 
in the data acquired. from the geosyn- 
chronous satellite ATS 5 Clearly ım- 
portant work will follow when the 
timings and details of these substorms 
are released 

Although much of the conference was 
devoted to the Earth’s magnetosphere, 
Drs F M Neubauer (Technical Univer- 
sity, Branschweig), N Brice (Cornell 
University) and J Warwick (University 
of Colorado) reported work on Jupiter's 
magnetosphere Jupiter has a magnetic 
field which is about 10 gauss at the sur- 
face and gives rise to a much larger 
magnetosphere and associated radiation 
belts than those of the Earth Estimates 
of the position of the forward boundary 
of the Jovian magnetosphere put it at 
a distance of about 50 Jupiter radu, com- 
pared with a distance of 10 Earth radu 
for the forward boundary of our 
magnetosphere 


NUCLEAR STRUCTURE 


Single-purticle States 


from a Correspondent 


ACCORDING to the independent particle 
shell model each nucleon in the nucleus 
moves in its own orbit, characterized 
by definite quantum numbers, and its 
spatial distribution 1s given by its wave- 
function The orbits are filled starting 
from those of lowest energy and subject 
to the Pauli principle that no two 
particles can have the same quantum 
numbers This gives the familar 
sequence of nuclear states 1s1/2, 1psj2, 
lPis, 281/2, 1d5;;, Ids;2 and so on 
When a state ıs completely filled with 
neutrons and protons a nucleus of 
exceptional stability 1s formed, and thys 
naturally gives the shell structure and 
associated “magic” numbers of neutrons 
or protons ° 

The stable structures formed by magic 
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numbers of neutrons and protons are 
hardly disturbed when a single nucleon 
1s added to them, so that the properties 
of such nuclei are in many respects those 
of a single nucleon coupled to a rela- 
tively inert core The low-lying states 
are just those expected from the simple 
shell model, and the occupancy of the 
orbit as measured by a nucleon transfer 
reaction is close to unity Nuclei with 
one particle less than a closed shell also 
show these single-particle states, as they 
are called 

If additional nucleons are added or 
taken away from such nuclei the 
nucleons outside the core can couple to- 
gether ın many ways, giving much more 
complicated sequences of nuclear levels, 
and the simplicity of the model 1s lost 
The single-particle states are each split 
into a number of fragments, spread over 
several million electron volts of excita- 
tion energy It has, however, recently 
been found by Millener and Hodgson, 
(Nucl Phys, A209, 59 , 1973) that if the 
centroid of the fragmented state 1s calcu- 
lated by weighting the energies of the 
fragments by their strengths as deter- 
mined by one-nucleon transfer re- 
actions, then these centroid energies 
behave in a systematic way from one 
nucleus to the next, even far away from 
the closed shells This shows that the 
forces which fragment the states are 
unable to change their centroid energies 
significantly 

It 1s possible to obtain these energies 
as eigenvalues of a simple one-body 
potential similar to the real part of the 
optical potential used to describe the 
elastic scattering of nucleons by nuclei 
The depth of the potential depends ` 
linearly on the nuclear symmetry para- 
meter (N-Z)/A and on A itself Each 
state can be followêð from nucleus to 
nucleus across the periodic table until 
ultimately it 1s at too high or too low an 
energy to be measured accurately The 
optimum parameters of the potential 
can thus be determined for each state 
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individually and the state dependence 1s 
found to be quite small 

The optimum single-particle poten- 
tials give energies for the centroids of 
the single-particle states that agree with 
the experimental values to within about 
02 to 03 MeV, which 1s comparable to 
the accuracy of the experimental 
measurements The consistency be- 
tween the potentials fitted to each state 
and the best fit potentials 1s shown for 
the 2s hole states in the figure, and 
similar results are found for the other 
states 

These potentials can be used to calcu- 
late the wavefunctions of all the 
nucleons, and by summing their squared 
moduli | ‘¥ |? one can obtain the nuclear 
matter and charge distributions The 
latter can be checked against the accur- 
ate values obtained from analyses of the 
elastic scattering of electrons by nuclei, 
and the agreement is within the experi- 
mental] uncertainties 


PLANT TAXONOMY 


New World Bumboos 


On April 15, 1970, Floyd A Mc- 
Clure died at work in his bamboo 
garden while removing a plant to 
give to a young friend Before his 
death he had almost completed a 
revision. of the genera of New 
World bamboos , T R Soderstrom, 
a colleague of McClure's at the 
Smithsonian Institution, was fortu- 
nately able to complete the work 
and it has now appeared—with 
descriptions of seventeen genera, 
including four new genera and 
Species—in the seres Smuthsonian 
Contributions to. Botany (No 9, 
1973) This figure shows the form 
and parts of the type species, 
Swallenochloa subtessellata, of one 
of the new genera 
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Training Science Teachers in Methodology 
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This article describes the philosophy 
behind and the problems involved in 
developing a curriculum appropriate 


to the training of science teachers in 
methodology. 





THE average prospective science teacher will normally have 
completed two years 1n a secondary school sixth form or its 
equivalent, and three years of degree studies, before embarking 
on a single year of postgraduate professional training There 
18 a view, unfortunately accepted by many people, that teaching 
1s intuitive and inborn and this must inevitably produce a clash 
of cultures—for how can a scientist after five years of concen- 
trated scientific thought expect to change his attitudes over- 
night? 

There are, however, fortunately many people who do not 
accept this non-scientific appraisal of teaching, and who 
believe that 1t must be approached analytically According 
to Tabat, curriculum is a way of preparing young people to 
participate as productive members of our culture and thus, 
if these prospective teachers are to approach their chosen 
career analytically, their training course must be designed to 
show them the essential elements It 1s thus necessary to 
investigate the initial problems of curriculum development 
before designing a curriculum to meet the needs of these 
potential science teachers 

The splits which exist ın the literature?» devoted to curri- 
culum development are very obvious Child-centred, society- 
centred and subject-centred curricula are vying with each other 
as the exclusive approaches to the entire curriculum. The 
statements 1ssued of the advantages and disadvantages of each 
seem to set these patterns into a sharper contrast than they 
merit 

The confusion that at present still exists in curriculum 
making has many sources (a) There 1s a lack of clanty and 
conflicts 1n the basic sciences from which education draws 1ts 
data and guiding principles (b) There is no single theory 
regarding the nature of the individual or the nature of learning 
(c) There 1s a Jack of awareness of the goals of our culture and 
the role of the individual in that culture 

A great deal of confusion has arisen from the fact that no 
coherent theory of learning exists and even what is known 
about learning has not been clearly brought together when 
applied by curriculum makers This ıs clearly seen when, for 
example, the stimulus response theory 1s applied ın soma 
teaching and the field theory 1n other cases without differen- 
tiating the particular aspects to which they are relevant 

To make proper use of the intellectual talent available to 
the teaching profession a theory of curriculum development 
appropriate to their, training 1s needed Such a theory should 
not only define the problems with which the curriculum 
development must deal, but also elaborate the system of con- 
cepts which must be used to assess the relevance of these data 


All curricula, no matter what their particular design, are 
composed of certain echelons A curriculum must commence 
with a statement of aims and of specific objectives, 1t must 
indicate some selection and organization of content and :t 
either implies or manifests certain patterns of learning and 
teaching Finally, it must include an element of evaluation 
of the outcomes 

Inevitably curricula will differ according to the emphasis 
given to each of these echelons, and according to the basis 
on which the decisions regarding each are made 

The curriculum development task requires orderly thinking 
—one needs to examine both the order 1n which decisions are 
made and the way 1n which they are made to make sure that 
all relevant considerations are brought to bear on these deci- 
sions The order and elements of a curriculum model* appro- 
priate to a postgraduate science teacher’s methodology course 
are illustrated in Fig 1 The intimate nature of the elements, 
the relative emphasis placed on each and the difficulties 
encountered should become clear when the model 1s applied 
to specific 1tems appropriate to science teacher training 


Aims and Objectives 


An educational programme, like any activity, 1s directed by 
the expectations of certain outcomes The chief activity of 
education 1s to change individuals ın some way to add to the 
knowledge they possess, to enable them to perform skulls 
which otherwise they would not perform, and to develop 
certain understandings, insights and appreciations | Chapman? 
has attempted to analyse the educational processes appropriate 
to the education of graduate physics teachers, and with minor 
modifications they could be equally appropriate to all scientific 
disciplines We are, however, at present considering educa- 
tional aims, and although providing a philosophy of education 
these are only a step towards translating the needs® and values 
of society and individuals into an education programme To 
be of any value educational aims need transforming into 
aducational objectives 

The chief function of the more specrfic platform of objectives 
1s to guide the making of curriculum decisions Perhaps the 
most important guiding 1s that of decisions about the selection 
of content and of learning experience, and of providing criteria 
on what to teach and how to teach it Because the possibilities 
of knowledge and learning are boundless there is always the 
problem of selection A platform of desired objectives supplies 


a criterion for these decisions 
Y Via 


P 
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Amendments” * 


Fig.1 Order and elements of a curriculum model 
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To illustrate this part of the model we shall consider some 
of the many ams that are likely to be included when considering 
the course ın question, namely, (a) to produce good science 
teachers; (b) to foster an acceptance of cognitive, affective 
and psychomotor objectives in the teaching of science, (c) to 
develop the necessary skills essential to a science teacher 

The first of these aims 1s obviously a blanket statement of 
intent for the whole course, and should be regarded as a 
primary aim It inevitably has many facets and requires 
further expansion into secondary aims before beginning the 
task of considering the educational objectives Aims (b) and 
(c) now fall into this class of secondary aims they are still 
far too vague but they do indicate the approximate areas from 
which the more detailed objectives can be drawn 

These three aims illustrate the difficulty that may be experi- 
enced in constructing a list of specific objectives Bloom et 
al” have produced hierarchies of objectives which may be 
appropriate 1n the cognitive domain but leave much work to 
be completed 1n the affective and psychomotor domains It 
may well, in the context of a science teacher training course, 
be advisable to leave aim (b) as 1t 1s and consider it as an 
intermediate objective or statement of intent In doing this 
one hopes that the philosophy behind it will pervade the 
specific objectives produced from the other aims 

The third aim is much easier to expand These skills can 
be isolated—they include, for example, organizing ability, 
appropriate use of educational technology, and ability to assess 
apparatus Having identified the relevant skills ıt 1s com- 
paratively easy to construct a list of appropriate objectives 
An example of one such objective could be to be able to 
assemble, use and service a set list of audiovisual aids From 
this specific objective st 1s possible to develop criteria necessary 
for evaluation and thus estimate the effectrveness of the original 
aim 

This part of the curriculum development is very difficult 
and very time consuming It 1s, however, essential 1f a worth- 
while course 1s to be produced The chief difficulty 1s in 
crystalhzing the broad statements of intent into specific 
behavioural objectives, 1n particular aims related to the affective 
domam Very often a compromise will have to be sought— 
translating those general objectives into specific objectives 
wherever possible, but leaving many as general statements of 
intent 


Action, Approach and Content 


If the curriculum ıs to be a plan for learning, its content 
and learning experiences need to be organized so that they 
serve the educational objectives Often the curriculum is 
ineffective not because its content 1s inadequate but because 
it 1s put together ın a way that makes learning difficult, or 
because learning experiences are organized 1n a way that makes 
learning either Jess efficient or less productive than 1t might be 

During the past few years the organization of content has 
received a good deal of attention, whereas relatively httle 
theoretical thinking has been devoted to the problem of 
organizing the learning experiences Consequently the course 
should offer the list of subjects and topics to be covered and 
also the sequence which will lead to the most efficient learning 
situation The discussion of the model of Fig 1 must thus 
include the action-approach-content component as a single 
1tem, since each 1s intimately related to the other two 

The specific objective referred to in the preceding section 
related to the audiovisual aids can now be examined 1n more 
detail Specifying the areas assembly, use and service, pre- 
cisely determines the content but not the approach The 
approach is governed by the criterion that it should produce 
the most efficient learning situation It may be decided that 
the assemble and service aspects can be approached most 
efficiently in small group seminar-practical sessions, whereas 
the use aspect 1s best dealt with: ın the school situation Thus 


, objective and valid picture of the achievement 


*requires amending 
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having stipulated the content and the approach, the action 
“can be determined 

From this example ıt may be seen that this component of 
the model 1s reasonably easily applied when the original objec- 
tive 1s specific — Difficulties arise when the objective has had 
to be left as a general statement If we consider the earlier 
statement regarding fostering an acceptance of cognitive, 
affective and psychomotor objectives ın the teaching of science, 
we have no clear indication of how we are to judge the end 
product and thus little information on which to base our action 
This should not be regarded as an excuse for not attempting to 
implement the original rather vague objective It may mean 
that we have to rely on hunches or intuition when applying 
this component of the model to ıt 


Evaluation 


The nature of the evaluation programme depends, first, on 
what objectives are pursued and how each objective 1s defined 
and, second, on the purposes for which the results of the 
evaluation are to be used The more comprehensive and 
complex the objectives the more complex the task of evaluation 
For the rather vague general statements 1t may be simply a 
rendering of a value judgment based on sheer opinion The 
methods of evaluation, in fact, include any way of securing 
valid evidence on attamment of objectives Since the curri- 
culum is essentially a plan for helping students to learn, 
ultimately all evaluation goes back to the criteria of effectiveness 
of learning 

On first impressions, evaluating the objectives dealing with 
audiovisual aids would appear to be straightforward Super- 
ficially it 1s possible to say whether the students can fulfil the 
conditions stipulated by the objective, but unless criteria are 
established on which the evaluation 1s to be based, 1t will be 
impossible to allow for varymg standards of performance 
Unless specific criteria are stated the judgments will remain 
impressions and one of the advantages of having specific 
objectives will be lost 

The second objective was rather vague and hence will have 
to be evaluated by value judgments This particular example 
has the advantage that it can be judged on many occasions 
while the student 1s in a classroom situation on teaching 
practice and the final evaluation will be a composite rather 
than a single one The obvious danger of having to rely on 
impressions for evaluation arises when these impressions have 
to be given in a single, isolated situation 

Care must be taken to differentiate between assessing the 
student and assessing the course, since invariably most objec- 
tives do in fact have to be judged 1n terms of the students’ 
performances A student can be assessed in terms of a single 
objective, whereas an objective must not be judged in terms 
of a single student Before a final verdict 1s given on any 
objective the performance of all the students must be con- 
sidered, and the difficulty then arises as to the criteria for 
acceptability or rejection 

The evaluation of the many different objectives associated 
with the course has the added advantage of encouraging a more 
diagnostic assessment of the student With the wealth of 
information that this built-in evaluation process produces, 
there 1s no need or justification ın reducing the achievements 
of the student to a single mark 

it ıs 1mportant that the evaluation programme yields an 
This means 
that the data on which the evaluation 1s based should be 
reasonably free of subjective bias or other deficiencies which 


** mar their objectivity and accuracy If this ıs not the case 1t 


will be impossible to say which component of the model 
If we are quite satisfied with the 
evaluation techniques and results, the amendments can only 
apply to the action or the objectives 

If the evaluation reveals that amendment 1s desirable, the 
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most efficient approach 1s to progress through the model in 
reverse—inspecting the action first and only moving on to the 
objectives and finally the aims when the component 1n question 
appears satisfactory By adapting this procedure it should be 
possible to make minor modifications without running the 
risk of inadvertently removing satisfactory material which 
could be the case by beginning the amendment procedure 
with the initial aims 

A one year training course such as the one under discussion 
also requires a different type of amendment, namely the 
possibility of completely reorientating the training at a later 
stage It 1s obviously reasonable to structure the first part 
of the course when developing the basic skills appropriate to 
teaching, but this will not necessarily reflect the interests of the 
students or the needs of their first appointment 

This appointment 1s very often made approximately halfway 
through the course and so the optimum arrangement 1s to 
have a closely structured beginning moving towards a very 
much more open-ended situation as the course develops This 
continuous amendment also has the added advantage of 
letting the students see this analytical approach 1n practice 
and so should encourage them to adapt it in their own teaching 
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The foregoing discussion illustrates the possibility and 
problems associated with developing a curriculum appropriate 
to the traming of potential science teachers It 1s 1mperative 
that the students are made aware of what constitutes the 
scientific method as well as the need for an analytical approach 
to their own training and hence to their own teaching 1f their 
pupils are to realize the 1mpact science has on the culture and 
life of our society The discussion has been limited to science 
methodology courses but there 1s no Justification in placing 
this restriction on 1t, and ıt 1s our hope that all subject method 
tutors will investigate 1ts applicability to their own particular 
disciplines 
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Earthquakes may be triggered by 
changes in the elastic energy which are 
neither too fast (~days) nor too slow 
(~10° yr) Such a point of view 
provides a qualitative understanding of 
suggested correlations between polar 
motion and the annual seismic energy 
release. The Chandler wobble and 
earthquakes may have a common excita- 
tion source—the release of elastic energy 
stored in the Earth—and we show that a 
resonant coupling between seismic acti- 
vity and polar motion has the right 
sign and strength to explain the pump- 
ing of the Chandler wobble as a con- 
sequence of in-phase release of elastic 
energy. 





e 
WE have recently carried out a calculation of the global 
quadrupolar mechanical energy stored in the Earth, with the 
aid of a model which relates the various terms 1n a spherica 
harmonic expansion of the elastic strains to the observed 
lithospheric configuration! The overall quadrupolar energy 


content was found to be ~ 103? erg, some of which results 
from misorientation between the rotation axis and the elastic 
reference axis That ıs sufficiently large that one may reasonably 
expect this energy to play an important role 1n various physical 
processes 1n the crust and mantle, including polar wandering, 
the Chandler wobble, and seismic activity 


Elastic Energy Content and Seismic Activity 


Even ın isolation, the crust and mantle of the Earth will tend 
to lose their elastic energy content in rheological fashion, 
however, such changes occur very slowly (over time scales 
~ 10? yr) and are not likely to result 1n the occasional sudden 
release of elastic energy characteristic of earthquakes Of 
course the crust and mantle of the Earth are not isolated, 
but are subject to the external gravitational torques of the 
Moon and Sun, as well as to internal torques associated with 
core-mantle coupling and polar motion The resulting lunar, 
solar and polar tides cause corresponding periodic variations 
in the elastic energy, which may substantially enhance both 
continental drift and seismic activity, in much the same way 
as shaking a box of pebbles enhances the rate at which they 
reach a state of minimum potential energy It 1s natural to 
inquire. whether there might be some correlation between the 
essentially reversible variations in the elastic energy and the 
seismic activity, which corresponds to an irreversible decrease 
in the elastic energy content of the Earth In other words, 
are there periodic variatioris in seismic activity which are 
related to periodic variations 1n the elastic energy? 
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Fig. 1 Construction of the position of the inertia pole, 7, from 
the positions of the rotation pole, Q, the Moon and the Sun 
The diagram, which 1s not to scale, depicts a plane tangent to 
the Earth at the nutation pole, W. WA, WM, and WS are, 
respectively, the effective vector contributions of these sources 
of tidal distortion and WI is their vectorial sum Dips, 15 the 
instantaneous distance 1n the plane, between 7 and the reference 
pole R, Day 1s the same distance averaged over the gaily lunar 
and solar tides, and thus changes only with the (slower) motion 
à of the rotation axis 


There is, as yet, no evidence of any global correlation be- 
tween seismic activity and daily lunar and solar tides? There 
does exist, however, evidence for periodic variations 1n seismic 
activity on a longer time scale  Whitten? has called attention 
to a quasi-periodicity of 7 yr in the total seismic energy release 
from earthquakes, and has suggested that such a periodicity 
may be related to the polar motion Myerson* has pointed 
out the possible existence of a 40 yr periodicity in the yearly 
count of large magnitude (27) earthquakes On a still longer 
time scale, Wilson? has reported a possible 370 yr periodicity, 
determined by Chinese scholars from a study of ancient 
earthquake records Assuming that such regular variations 
do occur (and their existence is far from well established), 
and that comparable periodic variations can be found 1n the 
elastic energy (and we shall show that this 1s the case), one 1s 
then led to inquire as to whether there exist physical mechanisms 
which couple seismic activity to elastic energy variation 
The misorrentation of the rotation and elastic axes provides 
just such a mechanism 

To calculate the periodic variations in the elastic energy 
associated with Iunar, solar, and polar tides, we use essentially 
the same approach as that developed earlier for calculating 
its time-averaged “‘static” value! We thereby implicitly 
assume that the dynamic quadrupolar response of the inertial 
tensor of the Earth differs little from its static response The 
calculation 1s carried out with the aid of the vectorial con- 
struction shown in Fig 1, which 1s a view of the Earth from 
Polaris, with W representing the pole of the traceless part of the 
nutation tensor ôI, (ref 1) and Q the instantaneous rotational 
pole The points 4, S, and M, represent the contribution to the 
pole 7 (of the traceless total inertial tensor ôI), of the quadru- 
polar potentials associated with rotation, the Sun and the 
Moon, respectively The poit R represents the pole of a 
traceless reference tensor, 5I, defined in such a way that the 
time varymg portion of the quadrupolar part of the elastic 
energy of the Barth may be written as 


Ea—2/3 BT, (01— 9Eg?]I o? (1) 
From Fig 1, the elastic energy becomes 
Ea=B [(€—€)?+3eex (D?/ RS?)] (2) 
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where € and €r are the oblateness parameters associated with 
ôI and lr respectively, B is the elastic energy coefficient, 
Ro 1s the Earth's radius and D, the distance in the polar plane 
between R and J, provides a direct measure of that part of the 
elastic energy which arises from an angular mismatch between 
ôI and the reference tensor 5Ip From ref 1, we have s= 
216x 10-3, £5—188x103, and D~180 km Because 
B=134x 109° erg, this angular mismatch gives rise to an 
elastic energy of ~13x 10°! erg, some 10% of the overall 
elastic energy stored in the Earth As emphasized in ref 1, this 
is substantially higher than values previously cited for the 
angular elastic energy, because those estimates were based on 
the unjustified assumption that 81g = Sly 

The construction in Fig 1 1s not to scale, because the time 
varying portion of the angular part of the elastic energy is 
much smaller than {034 erg Thus, WA provides a measure 
of the amplitude of the polar motion, and is typically ~6 m, 
[WM] is, on average, some thirty times larger than |WA| 
(and six times larger than 'WS[), and it 1s the Moon which 
makes the dominant contribution to the instantaneous position 
of the pole, /, as measured relative to the centre of nutation, W 
On the other hand, 1f one averages over a period of a few days, 
it is only WA which survives, because the positions of the 
points M and S change daily 

The slower variations in the elastic energy arise chiefly 
from the polar tides and have periods determined by the 
polar motion A detailed account of periodic polar motions 
can be found in Munk and MacDonald$, the most important 
are anannual term, which arises from atmospheric circulation, 
and the Chandler period, of 437+2 d, which corresponds to 
the Eulerian motion of Q 

In addition, one may have a 24 yr libration, with an ampli- 
tude of 0 02 arc s along the 58 W-122 E meridian, as suggested 
by Markowitz’, and a variation in the amplitude of the Chandler 
motion which is periodic. with a period of 40 yr, this may 
originate in a splitting of the Chandler frequency, produced 
by interlayer coupling in the mantle® 

Because the period of the latter two variations 1s of the 
order of the length of the data chains from which they have 
been extracted, their identification as well defined periodicities 
must be regarded as tentative, 1n any event, their amplitude 1s 
small compared to the annual and Chandler contributions 
We may therefore write 


ÂX Aq expl(G.t--0,)] + A expli(@t+,)] G) 
. 
where Aa, ©, and Ap, ,, are the amplitudes and frequencies 
of the annual and Chandler terms On making use of Fig 1, 
we obtain 


D? = R? - 2RA, cos(a,t + Qa) +2RApy cos(Qst + Pp) + 
245 A,COS[(Wa— Opt (a — P] (4) 


Thus there are variations 12 the elastic energy of frequency 
®,, @, and (with a negligible amplitude) ®,—@, In Table 1 
we give the relative amplitudes of the time varying terms, 
as well as the corresponding amplitudes for the Sun and Moon 
and the periodic variation ın the elastic energy which comes 
from the suggested 40 yr periodic variation in A, 

In a rheologically young planet, we expect that quakes 
will occur whenever the total elastic energy 1n a certain region 
exceeds some critical value? But in a rheologically old planet 
hike the Earth, we expect that the strain energy 1s always near 
its critical value, because global changes ın the elastic energy 

edn a given year coming from seismic activity, continental 
drift, or external forces are small compared to the total elastic 
gnergy reservoir of ~10°? erg In these circumstances, it 
seems plausible that the effectiveness of .tidal variations in 
triggering elastic energy release will depend both on the 
magnitude of the variation and on the time scale over which 
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the variation. takes place 
surmounting potential barriers which, in a rheologically old 
planet, depend substantially upon local conditions It follows 
that 1f the period of an elastic energy variation 1s too short, 
there may not be sufficient time during that period for the 
matter 1n given regions to surmount its local potential barriers, 
so that the corresponding amplitude 1s 1neffective in bringing 
about energy release 

This working hypothesis ts embodied in the following 
simple functional relation between the irreversible rate of 
change of the elastic energy, E,, and the reversible tıme- 
varying elastic energy 


9E. 


= Flfide ft- 0) EQ) (5) 
ot irr 

Here F is a function of y, the time-weighted storage of elastic 
energy, and we assume that F[y] «0 and dF/dy>0, fis a 
memory function which permits one to take into account the 
possible influence of changing local conditions on the focal 
energy release, thus one might have f~exp(— Bt) where B~! 
is the appropriate "memory" time constant, or f may be a 
step function with a cutoff at a time T In the absence of any 
external forces, and for small y, one gets an exponential 
reduction in the elastic energy, for a component of E, which 
varies at frequency Q, the amplitude of its effectiveness in 
inducing a change in Ej; is multiplied by £271, so that rapid 
reversible variations in Ee may turn out to be far less effective 
than slow ones 


Tabie 1 Maximum Amplitudes of Tidal Angular Elastic Energy Changes 





Pertod x 
Periodicity Amplitude amplitude 


(1025 erg) (1078 erg d) 
Lunar tide Daily 70 07 
Solar tide Daily . 10 0i 
Chandler wobble 43742 d 13 57 
Annual polar motion Yearly 11 40 
Chandler “40 yr" periodicity Near 437 09 ~36 
and 365 d 


Annual-Chandler interference 6-7 yr 4x10-5  78x10-* 


From Table 1, we see that 1f ıt is the amplitude divided by 
the frequency which 1s the relevant one*for seismic energy 
release, then 1n spite of their large amplitudes the lunar and 
solar tides are ineffective when compared to the polar tides 
We further note that according to this criterion, 1t 1s the 
Chandler and annual components which emerge as the most 
effective in inducing irreversible energy release and seismic 
activity, their combined contribution to y, the time-weighted 
storage of elastic energy 1n equation (5), 1s 


(2RA,/ Oa) sin(@al + Oa) + QR As/ Op S(O Pp) (6) 


Because the function F[y] in equation (5) 1s probably highly 
' non-linear, strong maxima in the irreversible elastic energy 
release are to be expected principally at the largest maxima of 
equation (6) For example, if a= Qp, and 9/0, 1 2 exactly, 
“absolute maxima (of 97x 107° erg d) will occur whenever 
0, Af 2n1 and @,At=2mmn, that is, when At is a multiple of 
12n/,=10x/@,, corresponding to a 6 yr period In this casq, 
(, — Op 1s 6 yr as well, so that under these special circumstances 
the sum of the annual and Chandler terms would mimic an, 
interference effect, the size of the effect 1s, however, some four 
orders of magnitude larger than one gets from the usual 
interference term 

In reality, 0,/0, is not an exact ratio of small integers, so 
that the corresponding seismic activity would be expected 
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Fig 2 Whitten’s proposed correlation between seismic activity 
and polar motion Note that the current energy estimates 
may differ 


to correlate only roughly with the 6 to 7 yr period of the inter- 
ference between the annual and Chandler terms This quasi- 
periodic seismic activity may well correspond to the 7 yr è 
periodicity suggested by Whitten, whose analysis 1s reproduced 
in Fig 2 

Although the existence of a Chandler ‘'40 yr periodicity” 
is far from well established, 1f we assume that such a periodicity 
exists, the corresponding variations tn the elastic energy would 
seem to have the right amplitude (and frequency) to explain 
the 40 yr periodicity m large earthquake seismic energy release 
proposed by Myerson 


Excitation of the Chandler Wobble 


We have argued that "reversible" changes in the elastic 
energy associated with polar motion can trigger irreversible 
elastic energy release, we now explore the inverse possibility, 
that some fraction of this elastic energy release may serve to 
excite the Chandler wobble in the sense of providing the 
energy dissipated in frictional irreversible polar tidal processes 
which act to damp that wobble That an excitation mechanism 
is needed has long been recognized, the persistence of the 
amplitude of the Chandler wobble over the period of more 
than 50 yr of modern observations, essentially without any 
noticeable change (except for the possible 40 yr quasi-periodi- 
city) requires that energy be supplied at the frequency of the 
Chandler component of the polar motion Earthquakes were 
suggested as early as 1907 as a possible excitation mechanism?° 
and this suggestion has recently been revived by Smyhe and 
Mansinha!?:1?, who consider the energy transfer which takes 
place as a result of random jumps ın the centre of nutation 
associated with major earthquakes ^ Detailed calculations!? 
have shown that such a random excitation mechanism 1s 
clearly not enough, even though it may cause partial excitation, 
large earthquakes are too infrequent to sustain the observed 
Chandler amplitude A further argument against this being 
the only mechanism is that one has thus far not observed 
large cusps in the polar path, associated with jumps in the 
centre of nutation which carry 1t out of the previous wobble 
circle Such jumps would be expected tf there is a relation 
between the overall amplitude of the polar motion and the 
average quake-induced jump ın the centre of nutation 

A resonant coupling between seismic activity and polar 
motion is free of the above objections; such coupling is a 
natural consequence of the physical picture we have developed, 
in which Chandler wobble and earthquakes have a common 
excitation source—the release of elastic energy stored in the 
Earth which 1s, 1n. turn, triggered by the physical processes 
which produce the observed polar motion We here describe 
briefly the origin of such a resonant coupling, and show tha 
it has the right sgn and strength to permit elastic energ 
release to pump the Chandler wobble at about tts curren 
amplitude . 

According to our picture of a rhecfogically old Eart! 
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Fig. 3 Schematic version of the suggested pumping mechanism 

for the Chandler wobble As the rotation pole moves around 

the centre #,, tidal damping reduces the amplitude of the 

Chandler motion At point J, in-phase release of elastic energy 
causes an increase in amplitude, from W, to W; 


maximum release of elastic energy will occur when the rate 
of change of elastic energy by external (and internal) potentials 
at a given frequency 1s a maximum For simplicity, we assume 
that a large "leak" from the elastic energy reservoir occurs 
when Q, in its Chandler motion at @,, moves away from R 
at a maximum rate From equation (2) and Fig 1, we see this 
occurs when € pomts roughly towards 50? W, the Chandler 
motion bemg anti-clockwise Current observations suggest 
that the average motion of W, that 1s, the polar drift, as seen 
by an observer on Earth tends to be toward 78? W For an 
Observer corotating on a rigid sphere, W moves towards 102? E, 
and thus away from Q at that point (see Fig 3) Thus is the 
key to our suggested pumping mechanism as a result of 
elastic energy release, the amplitude of the average motion 
of W away from €. 1s sufficient to counterbalance the motion 
of Q toward W brought about by tidal damping The suggested 
pumping òf elastic energy into the wobble motion is not 
random, but is instead in-phase, on the average the elastic 
energy release causes W to move away from Q, 1m contrast 
with the uncorrelated motions of W and Q characteristic of a 
random pumping mechanism To estimate the resulting 
steady-state Chandler amplitude, we note that as a result of 
damping, the relative change m amphtude in a period 25/0 1s 
2naje,, where o~? 1s the characteristic damping time If, as a 
result of in-phase elastic energy release, W moves a distance 
A away from Q, we must have 


Ajd, = 2najo, 7) 


m order to maintain the Chandler wobble The Chandler 
amplitude A, must therefore be related to the average rate of 
polar drift, 6, by 


Ay [a (8) 


The Chandler amplitude, Ap, 1s typically ~6 m, while 6~ 
10 cm yr~! Hence, if a js ~0 02 yr-!, we see that m-phase 
elastic energy can pump the Chandler wobble 

The damping constant e cannot be obtained directly from 
Observation, because the frequency width of the power spectrum 
of the polar motton at the Chandler frequency may (and, tn 
fact, must) be attributed to causes other than damping The 
calculations of Jeffreys!^ suggest a $0 03 yr-!, and the above 
result 1s compatible with this estimate 

According to our picture, the periodic s m the 
elastic energy, brought about by the polar motion, are balanced 
by periodic changes in the gravitational energy, keeping their 
sum invariant ‘Thus, the Eulerian precession corresponds to a 
harmonic oscillation between the elastic and gravitational 
energies, which conserves rotational energy We have con- 
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stdered above two separate mechanisms which act to change 
the energy associated with polar motion, dissipation of 
rotational energy at constant angular momentum, which is the 
tidal damping (a) of the Chandler wobble, and changes tn the 
elastic-gravitational energy corresponding to continental drift 
and seismic activity As a result of favourable geometric 
conditions, and in-phase coupling, a fraction of the dissi- 
pated elastic energy 1s transferred to rotational energy, thereby 
maintaming the Chandler wobble We emphasize that we are 
not proposing a form of perpetual motion, the elastic energy 
changes, which result from the Chandler motion, are not the 
source of energy for that motion The source of energy 1s the 
entire elastic energy reservoir, the polar motion acts only to 
trigger leaks in that reservoir, and ıt 1s these in-phase leaks 
which in turn maintain the polar motion 

This calculation 1s based on a highly simplified model which 
can only be suggestive of the actual complex resonant behaviour 
to be expected for the Earth For example, we have considered 
only elastic energy release at frequencies near the wobble 
frequency, @, There may well be many other periodic and 
quasi-periodic variations m the elastic energy release, of these, 
however, only those with periods which are multiples of the 
Chandler period may be expected to exert appreciable influence 
on polar motion 


Observational Tests and Future 
Developments 


Because of the relatively long time scale of the periodic 
phenomena considered here, an immediate observational 
test of our proposals concerning the role of polar tides in 
triggering elastic energy release and the associated pumping 
of the Chandler wobble is not likely to be forthcoming More 
careful analysis of existing data (which extend for some 
70 yr) may provide further information on correlations between 
seismic activity and polar motion, and confirm the existence 
of periodic or quasrpenod:c behaviour during this time 
span 

For example, if (as seems rather unlikely) our highly sim- 
plified model calculation for the pumping of the Chandler 
wobble corresponds closely to reality, then one should be 
able to observe a Chandler periodicity in overall seismic 
activity corresponding to greater activity during those times 
in which the Chandler motion 1s changing most rapidly 
Under the circumstances, microscopic observation of polar 
motion (at the cm u~ level) together with related observations 
of global seismic activity would be required to disclose significant 
correlations But it may well be another 70 (or even 700) yr before 
the theory can be put on a firm observational footing, if longer 
term periodicities play an essential role It 1s our view that 
any global direct coupling between seismic activity and polar 
motion must stem from the angular contribution to the quadru- 
polar elastic energy considered here Our present estimates 
show that direct interference between the annual and Chandler 
terms 1s ineffective compared to the terms themselves, and that 
the quasi-periodic behaviour resulting from ther sum, plus 
non-linear processes, may well be responsible for the peaks 
m seismic activity found by Whitten We emphasize that there 
is at present no microscopic theory for the behaviour of 
elastic materials near breakdown which are subject to small 
periodic perturbations, under circumstances that effects 
arising from inhomogeneity may be important It 15 our hope 
that functional relations of the type of equation (5) may prove 
useful m this regard, and we are currently exploring this 
possibility further In the absence of further analysis of 

“observations of both Chandler motion and seismic activity, 
it does not seem fruitful to develop a more detailed theory 
vf the pumping of the Chandler wobble 

The m-phase resonant mechanism we haVe proposed for the 
Barth may well be a general one, applicable to other planets 
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and perhaps to solid stars as well Thus any planet which has 
substantive surface features may be expected to have an 
appreciable reservoir of elastic energy, including an angular 
term arising from a misorientation of its rotation and elastic 
axes Under these circumstances free precession of the planet 
(or star) 1s likely to occur 1n such a way that resonant coupling 
between the indirect seismic activity and polar motion acts to 
pump that precessional motion In view of its prominent 
surface features, Mars would seem an especially promising 
candidate for such a planetary wobble 

We thank Professors P Goldreich, K Runcorn, and the 
members of the University of Illmois astrophysics group for 
discussions This research has been supported by the National 
Science Foundation, and has been carried out in part at the 
Aspen Center for Physics 


Received May 2], 1973 


$ uc 5 and Shaham, J, Nature Physical Science, 243, 122 
1973 

2 Knopoff, L , Bull Seism Soc Amer , 54, 1865 (1964) 

? Whitten, C A, Proc ESSA Seminar (Boulder, 1970) 

* Myerson, R J, ın Earthquake Displacement Fields and the 
Rotation of the Earth (edit. by Mansinha, Smylie and Beck), 
159 (Reidel, Dordrecht, 1970) 

5 Wilson, J T , in Satu day Review (February 19, 1972) 

© Munk, W H, and MacDonald, G J F, The Rotation of the 
Eai th (Cambridge, 1960) 

7 Markowitz, W , in Continental Drift, Secular Motion of the Pole 
and Rotation of the Earth (edit by Markowitz and Guinot) 
(Reidel, Dordrecht, 1968) 

8 Colombo, G , and Shapiro, I T, Nature, 217, 156 (1968) 


1 E 81 


? Pines, D, and Shaham, J, Nature Physical Science, 235, 43 


(1972) 
40 Ga G, Publ Rea Osserv Ast di Brera (Milano), 61, 7 
31 icon E, and Mansinha, L, J Geophys Res, 73, 7661 


12 Mansinha, L, and Smylie, D E, in Earthquake Displacement 
Fields and the Rotation of the Earth (edit by Mansinha, Smylie 
and Beck) (Reidel, Dordrecht, 1970) 

13 Haubrich, R A, in Earthquake Displacement Fields and the 
Rotation of the Earth (edit by Mansinha, Smylie and Beck), 
(Reidel, Dordrecht, 1970) 

14 Jeffreys, H, Mon Not Roy Astron Soc, 141, 255 (1918) 


Erratum 


IN the article “Quadrupolar Analysis of Storage and Release of 
Elastic Energy in the Earth” by D Pines and J Shaham 
(Nature phys Sci , 243, 122, 1973), equation (4) should read 


8Io = Zoso(3nono/2 — e[2) 
Equation (7) should read 
I, = Joe, (3n,n,/2 — e/2) 
Equation (8) should read 
8l, = e, 3n,n,/2 — e/2) + n.(1,], — m,m,) 
Line 5, colurgn 7, Table 1, should read [0 933, 0 217, — 0 337] 


In both parts of Fig 2 the angle between ng and nc should be 
2? and not 02? 
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Preliminary Characterization of Two 
Species of dsRNA in Yeast and their 
Relationship to the “Killer” Character 
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Two high molecular weight dsRNA 
species have been found in yeast and 
strains have been found which possess 
either the larger, or both, of these 


molecules. From genetic evidence, we 
conclude that, together, these two 
dsRNAs determine the cytoplasmic- 
ally inherited killer character. 





THE occurrence of high molecular weight double stranded e 
(dsRNA) in some strains of the yeast Saccharomyces 
cerevisiae was reported recently by Berry and Bevan!, and E 
confirmed by Vodkin and Fink? The molecule was dis- 
covered during a search for the genetic determinant of 
the cytoplasmically inherited “killer” character**, and was* 
characterized as dsRNA mainly on the basis of its nuclease 
resistance We now wish to confirm that characterization, 


to report the occurrence of a further species of dsRNA 
and to correlate its presence with the killer character 

Total nucleic acid was prepared by first disrupting the 
cells with an Eaton press’ and using the phenol method 
of Kirby and Parish® Sodium #rt-isopropylnaphthalene- 
sulphonate (TNS) was used as a detergent ın the aqueous 
phase of the extraction The change to this detergent 
abolished the breakdown of rRNA im extractions from 
killer strains reported by Berry and Bevan' When total 
nucleic acid was extracted for the bulk isolation of dsRNA 
the cells were not passed through the Eaton press but were 
subjected to a cycle of freezing and thawing 1n TNS buffer 
before phenol extraction This method yielded DNA, 
tRNA and dsRNA but gave little rRNA and thus simplified 
the subsequent separation 

lsolaton of the dsRNA was achieved by CF11 
chromatography? The nucleic acid was first dissolved in 
015 M sodium acetate buffer, pH 69, and spun at 15,000g 
for 1 h to remove high molecular weight polysaccharides” 
Transfer RNA was removed by permeation chromatography 
of the supernatant using a 40X22 cm cólumn of Corning 
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Fig. 1 Three 456; scans of 2 6% polyacrylamide gels prepared 
and run by the method of Loening?”. Scan 1 (top) shows a gel 
loaded with 10 ug of yeast dsRNA isolated from stram KB 
Scan 2 (bottom) shows a gel loaded with 35 pg of a mixture 
of S and F Aspergillus foetidus virus dsRNA (the figures beneath 
the peaks indicate the molecular weights of each peak x 10$). 
The peak labelled 2 3 1s a mixture of two components of mole- 
cular weight, 2 31 and 2 24 respectively, which are not resolved 
by gel scanning but which are just distinguished when the gel 1s 
stained Scan 14-2 shows a gel loaded with 1 0 pg yeast ds RNA 
and 35 pg Aspergillus virus dsRNA The gels were electro- 
phoresed for 8 h at 4 mA per gel 


controlled pore sıze glass granules (BDH, 37 nm) The 
fraction. running off the column at its void volume was 
precipitated with cold alcohol, taken up m 005 M Tris 
buffer containing 001 M NaCl, 0001 M EDTA and 15% 
ethanol, pH 698, and loaded on to a column of CF11 
cellulose (Whatman) Chromatography was then performed 
by the method described by Franklin® omitting the elution 
with 3596 ethanol as suggested by Jackson et al”. Yeast 
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dsRNA behaved on CF11 cellulose in exactly the same 
manner as R17 and tobacco mosaic virus dsRNA?H, 
eluting only when the column was washed with buffer 
containing no ethanol 

Analysis of the nucleic acid eluted from CF11 columns 
with 0% ethanol by polyacrylamide electrophoresis may 
be seen in scan 1 ın Fig 1. The first peak on the gel, 
labelled P1, 1s equivalent to the peak X reported by Berry 
and Bevan’, while the other peak, labelled P2, of higher 
electrophoretic mobility, 1s a fraction which was obscured 
in their experiments by the 26S rRNA and which ıs only 
present 1n some strains Although strains have been found 
which do not possess any detectable dsRNA, most of those 
investigated contain either P1 alone or P1 and P2 dsRNA 
No strain has yet been found to possess the P2 dsRNA 
only In strains which have both P1 and P2 dsRNA, P1 
always seems to be the predominant species, the amount 
of P2 varying between 10 and 30% of the amount of P1 
as Judged by the respective peak areas Since the extraction 
procedures used yield single stranded RNA 1n an undegraded 
form it seems unlikely that P2 dsRNA is formed by the 
degradation of P1 dsRNA during the extraction procedure 
Nevertheless, the possibility that P2 dsRNA represents a 
stable intracellular degradation product of P1 cannot be 
discounted 

Identical peaks of dsRNA together with a DNA peak 
are found when total nucleic acid preparations made after 
cell breakage are analysed on polyacrylamide gels after 
the obscuring rRNA has been removed by precipitation 
with 2 M Lit (ref 12), or by treatment with 10 ug ml 
RNase A in 1 SSC for 10 min 

P2 dsRNA has been identified by its nuclease resistance, 
which resembles that of P1 (that 1s, similar to peak X 
of Berry and Bevan’), by :ts property of staining pink with 
toluidine blue! and by its behaviour on CF11 cellulose 
columns 
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Fig.2 The development of hypochromucity with time at 260 nm 

after the addition of 1 0 pg ml-* of RNase A to solutions con- 

taining 8 ug ml-! of yeast dsRNA from strain 3/A1 (peak 1 

only) of different ionic strength AA, 001x SSC, @,01xSSC, 
O, 001 x SSC+ Mg^* (10? M), W, 10x SSC 


P1 dsRNA, which 1s a single molecular species as judged 
by its behaviour on polyacrylamide gels, has been 
investigated further by several techniques The results 
shown ın Fig 2 demonstrate that its resistance to digestion 
by 10 ug ml? RNase A (Sigma, crystalline grade) is 
entirely dependent on the 1on1c environment In the absence 
of an appreciable salt concentration or the presence of 
Mgt addition of the enzyme causes a rapidly developing 
hypochromicity indicative of hydrolysis The behaviour 
of P1 dsRNA 1s thus identical to that shown by reovirus 
dsRNA*, 
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Figure 3 shows the melting behaviour exhibited by P1 
dsRNA ın three different buffers The sharpness of the 
profile once more confirms the double stranded nature of 
the molecule and curves a and b show that the stability of 
the secondary structure depends on the 1onic environment 
as the two buffers differ only 1n salt concentration Curve 
c was obtained in 1xSSC (015 M NaCl-0015 M Na 
citrate, pH 70) and thus allows the application of the 
expression given in Cox et al?* relating the Tm at this salt 
concentration to the G+C content of the molecule The 
formula suggests that the measured Tm of 993? C is 
indicative of a G4 C content of 49 6% 
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Fig. 3 Ultraviolet absorbance-temperature profiles of peak 1 
dsRNA from yeast strain 3/A1 in three different solvents 
m, 01 SSC+67% formamide (measured at 265 nm) T,— 
465? C, D, 05 SSC-- 679; formamide (measured at 265 nm) 
Tm=53 8° C, @, 10 SSC (measured at 260 nm) 74,99 3° C 


Two direct measurements of the base ratios of P1 dsRNA 
have been made using the DEAE cellulose column tech- 
nique, described by Holness and Atfield*, to separate the 
nucleotides In the first experiment hydrolysis was per- 
formed with T2 RNase (Sankyo) and was preceded by 
denaturation of the dsRNA with 85% dirfiethyl sulphoxide 
by the method described by Katz and Penman A sample 
of 100 ug of dsRNA from yeast stram 3/A1 was used for 
the analysis A subsequent report by Nicolaieff et al” 
that dimethyl sulphoxide does not completely denature 
dsRNA under conditions far more extreme than those 
recommended by Katz and Penman” led us to doubt 
whether the RNA used in the first experiment was com- 
pletely accessible to enzyme digestion The experiment 
was therefore repeated using 200 ug of dsRNA and an alkali 
digestion performed as ın Holness and Atfield5 The results 
of these two experiments are shown in Table 1. The 








Table 1 Ratios of Peak 1 dsRNA from Yeast Strain 31AC 
Mol fraction (7) 
Base Experiment 1 Experiment 2 
A 290 272 S 
U 212 276 
G 232 220 xd 
C 212 230 


A ——————————— | 


Experiment 1 1nvolved an enzymatic hydrolysis and experiment 2 
an alkaline hydrolysis In both experiments a 0 5x 80 cm column 
was used 
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Fig 4 Ultraviolet absorption profiles of two identical sucrose 
gradients produced by upward displacement of the gradients 
through a Uvicord ultraviolet monitor (LKB) Gradient 1 was 
loaded with 250 ug of yeast strain 4/4D dsRNA, gradient 2 was 
loaded with 50 pg of 4/4D dsRNA + 320 pg of total nucleic acid 
from strain pS wta ‘The identification of the P2 and PI--17S 
rRNA peaks of gradient 2 was made possible by polyacrylamide 
gel electrophoresis analysis of the individual fractions The 
gradients were spun for 19 h in a Spinco SW 25(1) rotor at 
' 22,500 rpm 


equivalence of A to U and G to C once more indicates 
the double stranded nature of the molecule The G+C 
content of the molecule 1s 45% and is thus lower than 
that suggested by the T, Cox et al, however, note 
similar discrepancies and suggest that base sequence may 
slightly modify the melting behaviour 

Two other findings support the identification P1 dsRNA 
gave no colour in the diphenylamine assay for DNA™®* 
The molecule did, however, induce interferon in mouse 
L cells exposed at a concentration of 05 ug mi^! (plus 
25 ug ml! DEAE dextran carrier) as judged by the subse- 
quent resistance of the cells to infection with Semliki Forest 
virus 

The molecular weight of the two species of yeast dsRNA 
has been investigated by two approaches First, an estimate 
of tàeir S, 4, values was made by comparing their sedimenta- 
tion properties on sucrose density gradients with yeast 
rRNA standards Sucrose gradients of 15-3096 sucrose 
were used containing 05% sodium lauryl sulphate, 001 M 
Tris, pH 74, 0001 M EDTA and 01 M NaCI* Figure 4 
shows the results of an experiment in which both species 
of dsRNA sedimentng alone were compared with a com- 
panion gradient in which both the species were co-sediment- 
ing with yeast total*RNA P2 dsRNA ıs resolved as a 
discrete peak in both gradients and this peak was thus 
used to align the two optical “density traceg In the gradient 
containing dsRNA and yeast total RNA the P1 dsRNA 


84 ' 


is not resolved from the 17S rRNA peak, the positions 
of the two species on the gradient were thus found by 
fractionating the gradient into 1 ml fractions and examining 
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Fig 5 Three A265 scans of polyacrylamide cast and electro- 
phoresed in formamide?? Scan (1) ıs of a gel loaded with 4 ug 
of peak 1 dsRNA from yeast strain 3/A1 Scan (2) 1s of a gel 
loaded with 4 ug of strain 3/A1 dsRNA formerly heated to 65° C 
for 20 min 1n buffered formamide plus 10% sucrose before 
loading Scan (3) 1s of a gel loaded with 4 ug of heat 3/A1 ds- 
RNA plus 6 pg of yeast total RNA from yeast strain pS wta 
Peak a 1s undenatured dsRNA, peak b, denatured dsRNA, 
peak c, 26S rRNA, and peak d, 17S rRNA Peaks b, c and d 
stained blue with toluidine blue while peak a stained pink The 
gels were prepared by the method of Staynov et al?! except 
that ‘Amberlite’ monobed resin MB-1 (BDH) was used and the 
formamide was buffered with 0 02 M diethyl barbituric acid 
Electrophoresis was performed with the'gel overlaid with 1 cm 
of buffered formamide and 0 02 M NaCl as an electrolyte, pH 
fluctuation of the electrolyte fas prevented by the use of 
silver-KC] external electrodes The gels were electrophoresed 
for 120 min at 3 3 mA per gel 
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these fractions by polyacrylamide gel electrophoresis The 
S values attributed to the two rRNA species were those 
found by Bruening and Bock? A value of 5S was 
attributed to the low molecular weight peak as formamide 
gel electrophoresis? fractionated this class into three com- 
ponents which were assumed to be the 4S, 5S and 58S 
RNAs described by Uden and Warner? The above 
experunent yields estimates of 150S for P1 dsRNA and 
12 5S for P2 dsRNA, while two other similar experiments 
gave estimates of 15 5S and 160S for P1 and 132S for P2 
Applying the relationship between the S value and molecular 
weight given by Franklin? (molecular weight, 224 xS* 16) 
gives molecular weights of 26-31x10° for Pl and 
10-1 35x 10° for P2 dsRNA 

Similar molecular weights were obtained by poly- 
acrylamide gel electrophoresis using dsRNA standards’. 
These standards were dsRNAs from a muxture of “slow” 
and “fast” Aspergillus foetidus viruses, the molecular 
weights of which have likewise been calibrated by electro- 
phoresis against reovirus standards by Ratt: and Buck? 
Figure 5 shows the optical density scan of two gels in 
one of which the standards were electrophoresed alone and, 
in the other, together with P1 and P2 dsRNAs Table 2 
gives the molecular weights of the standards and the 
estimates of molecular weight of yeast dsRNAs given by 
this method for dsRNA derived from several different 
strains of yeast The molecular weight of P1 dsRNA ıs 
thus 25 X105, and that of P2 14x 10* 





Table 2 Molecular Weight Estimates of dsRNAs of Seven Yeast Strains 





Peak 1 MW  Peak2 MW 


Strain 105 10€ Phenotype 
KB 250 140 
4j4D 2 50 140  jKlle 
3/Al 2 52 — 
a, urs, thrs, lig, arge, tr;, m 252 — 
4D/13 250 0 66 Sensitive 
4D/14 2 50 075 
ad, of 245 110 





The estimates were all made by co-electrophoresis of the purified 
dsRNA with Aspergillus foetidus virus dsRNA (as illustrated in Fig 1) 
with the exception of strains 4D/13 and 4D/14 which were estimated 
using 4/4D dsRNA as a reference MW, molecular weight 


The products of denaturation of the dsRNA were 
investigated to ascertain whether the molecule was a simple 
length of collinear duplex or whether it contained nicks, 
single stranded regions or side loops which, or denaturation, 
would yield single stranded RNA of lower molecular weight 
than expected and pessibly RNA of two or more size 
classes Initial attempts to analyse the products of denatura- 
tion utilized mild denaturation conditions! followed by 
aqueous polyacrylamide gel electrophoresis but the bulk of 
the denatured RNA in such experiments remained at the 
gel surface as an aggregate sensitive to RNase This prob- 
lem of aggregation was solved by the use of the non- 
aqueous polyacrylamide gel electrophoresis technique 
described by Staynov et al? The gels were prepared by 
an improved method to that described in ref 21, com- 
municated to us by Gratzer and Pinder (personal communi- 
cation, see legend Fig 5) Yeast P1 dsRNA ran on these 
gels as a single band with roughly the same mobility, 
relative to yeast rRNA, as is found in the aqueous poly- 
acrylamide gel technique Non-aqueous gels cast ın 
formamide can be stained with toluidine blue if they are 
left in distilled water for 3-4 h before staming In these 
conditions the dsRNA continues to stam pink while the 
rRNA stains blue These findings suggest that the molecule 
has retamed its secondary structure and agree with the 
report of Strauss ef al% that dsRNA is not denatured 
simply by dissolution 1n formamide at room temperature 
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The effects of heating the dsRNA 1n buffered formamide 
plus sucrose to 65° C for 20 min just before loading the 
gel can be seen in Fig 5 The pink staring band persists 
but 1s reduced, and a second blue staining band of higher 
mobility appears at its expense Co-electrophoresis with 
yeast rRNA has shown that this blue staining band has 
a mobility slightly lower than that of the 268 rRNA It 
1$ assumed that this blue staimung band represents the 
single stranded RNA formed by heat denaturation of the 
dsRNA The fact that only one band of relatively high 
molecular weight appears suggests that the dsRNA is a 
simple collinear duplex In fact the calculated molecular 
weight of the single stranded RNA ıs higher than the 
125X105 expected from the estimate of the molecular 
weight of the dsRNA made above, being from 15x10 
to 18X 105 relative to the values for yeast rRNA given by 
Bruening and Bock? and Staynov et al? respectively This 
apparently high value may be due to differences in 
secondary structure since the formamide gel technique was 
not strictly non-aqueous in our hands and it has already 
been shown that very high formamide concentrations are 
necessary to completely abolish all secondary structure? 

The relationship between the possession of dsRNA and 
the killer character was initially investigated by examining 
the nucleic acid of several strains of killer, neutral and 
sensitive phenotypes by gel electrophoresis to detect--the 
presence of dsRNA So far forty-nine strains have been 
examined (twenty-one “killers”, five “neutrals” and twenty- 
three “sensitives”) and at least as many more spore cultures 
from killer by sensitive and sensitive by sensitive genetic 
crosses These tests have revealed that while killer and 
neutral strains have both P1 and P2 dsRNA, sensitive 
Strains, with three exceptions, possess only P1 dsRNA 
or lack dsRNA at detectable levels The three sensitive 
strains possessing both species of dsRNA are from two 
sources ad,,a 1s a haploid petite strain while strains 
4D/13 and 4D/14 are both diploid and were isolated as 
spontaneously occurring sensitives from a killer diploid 
In both cases the P2 dsRNA isolated from these strains 
has a lower molecular weight, as judged by polyacrylamide 
gel electrophoresis, than that isolated from the two killer 
strains analysed (see Table 2) and co-electrophoresis of a 
mixture of dsRNAs trom these killers and the sensitive 
dsRNA from these strains reveals two distinct P2 bands 
Although several of the yeast strains tested probably have 
a common ancestor and differ only in nutritional require- 
ments, it should be noted that the twenty-three killer strains 
analysed do include strains from two other laboratories 
and also include four naturally occurring killer strains 
isolated as brewery contaminants 

The finding of this correlation led naturally to a series 
of experiments ın which killer and sensitive strains were 
crossed and the phenotype of the progeny (and parents) 
with regard to the killer character and possession of the 
two peaks was determined The results of these crosses 
will be reported in detail elsewhere They show that both 
peaks of dsRNA (symbolized as a ++ phenotype) are 
present only in strains possessing the nuclear allele M?+% 
Strains with the recessive allele m either lack both peaks 
(—— phenotype) or only possess the first peak (+ —) 
The following types of strain have been identified by bio- 
chemical analyses of the dsRNA phenotvpes associated with 
particular genotypes as deduced from breeding experiments 
m(— —), mtr =) M(——), M(t —, and M(4 +) Only 
the last of these strams yields the killer toxin?? and has 
the killer phenotype, the rest are sensitive to the toxin 
When both fractions of dsRNA are present in killer cells 
they seem to be inherited together and cannot be separated 
from one another by appropriate genetic crosses For 
example, the diploid derived from the cross M(+ +) killer 
X m(—-—) sensitive yields tetrads of spores in a ratio of 
2 M(++) killer 2 m(— —) sensitive No m(+-—) spores 
are recovered from this cross as would be expected should 
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the first and second fraction of dsRNA be separately 
located in the cell, that 1s (+ +)=(+,) (+) On the other 
hand, m(+—) spores are recovered wherever one parent 
of a genetic cross is m(+—) It is interesting that the 
recovery of m(+ —) spores following a m(-- —)x M(+ +) 
cross indicates that a Mm(++) (4-—) diploid 1s formed, 
although, unfortunately, this cannot at present be demon- 
strated biochemically 

These genetic studies suggest that the (++) and (+—) 
phenotypes have separate particulate bases the former 
can only be maintained in the presence of the M nuclear 
allele whereas the latter can be maintained by either M 
or m 

Although the dsRNA fractions have been referred to 
as phenotypes, it will be appreciated that the occurrence 
of M(— —) and m(— —) strains indicates that at least the 
first of these fractions itself possesses genetic continuity 
in the sense that once lost it cannot arse de novo In 
genetic terminology the dsRNA fractions described can 
be referred to as cytoplasmic determinants whose mainten- 
ance ıs governed by the nuclear gene M/m Previous 
publications! have referred to killer genotypes as M(k) 
and sensitives as M(o) or m(o), (k) and (o) symbolizing 
respectively the presence and absence of killer cytoplasmic 
genetic determinants We can now redefine these genotypes 
in terms of the presence or absence of dsRNA peak 1 and 
2 fractions and, in so doing, go a step further and 
differentiate Between (+ —) and (— —) sensitive strains 

In view of the results reported here we have used tech- 
niques different from those adopted so far to establish 
whether or not virus-like particles similar to those described 
in Penicilltuum and Aspergillus are associated with our 
strams Using the methods of Charney et al? as modified 
by Ratt: and Buck” we have been able to show that such 
particles are present in post-mitochondrial supernatant frac- 
tions of killer (+ +) and sensitive (+ —) strains but absent 
in sensitive (— —) strams These virus like particles are 
similar in appearance and within the same size range as 
those fungal viruses described by other workers’, 
possessing an average diameter of 392 nm Present studies 
are directed at establishing a relationship between these 
particles and the peak 1 and 2 dsRNA fractions 

We thank K W Buck and G Ratt: for Aspergillus 
foetidus virus RNA, W B Gratzer and J C Pinder for 
advice concerning gel electrophoresis in formamide, N J 
Holness and G Atfield for assistance with the DEAE 
column chromatography and D Taylor and E Lai for 
technical assistance This work was supported by a grant 
to E A B from the Science Research Council 
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PHYSICAL SCIENCES 


Low Frequency Radio Emission from 
Extensive Air Showers 


Rano pulses associated with extensive air showers have been 
Observed over a frequency range of 2 MHz (refs 1 and 2) to 
550 MHz (ref 3) Up to now measurements over the range of 
20 MHz to 100 MHz have proved to be those most easily 
madet At the highest frequencies a decrease in the Jateral 
extent of the radiation, a decrease in its amplitude and increas- 
ing receiver noise have limited observations At the lowest 
frequencies the overriding experimental problem 1s background 
noise Only the use of highly directional antennas? or the 
reduction 1n daytime noise due to 10nospheric D-layer absorp- 
tion? have enabled measurements to be made down to 2 MHz 
But the lowest frequencies hold particular interest since the 
large amplitudes reported seem to be in gross disagreement 
with theory? Also, long wavelength radiation might prove to 
have a large lateral spread which could be exploited 1n the form 
of a large air shower detecting array 

Except in the most remote areas, the frequenctes mmme- 
diately below 2 MHz are not useful because of the presence of 
broadcasting Below the medium wave broadcast band, how- 
ever, there 1s a range of frequencies which, in Australia at least, 
Is still relatively unused Here we report preliminary work m 
this region 

The receiver had a bandwidth of 80 kHz centred on 100 kHz 
There was no detector stage and the amplified radiofrequency 
signal was observed directly The antenna consisted of a 
length of copper wire, 98 m long, suspended about 3 m above 
ground ‘This fed 50 Q coaxial cable The amplified signal 
was recorded by a digital transient recorder This device 
continually samples and digitizes an mput waveform to six-bit 
accuracy, storing the measurements In a 256-word shift register 
On receipt of a trigger signal sampling 1s stopped aud the 
stored information (representing the previous 256 samples) 1s 
then available for output By judicious choice of trigger delay 
1t 15 possible to ensure that the time of interest 1s at any preferred 
part of the memory Digital to analog conversion of the 
stored data allows graphical representation of the recorded 
signal on a chart recorder (Fig 1) We used a sampling interval 
of 1 us, corresponding to a total cycle time of 256 us, although 
the recorder displays only 224 us of this on the chart trace. 
This sampling mterval allows satisfactory reconstruction of a 
sampled 100 kHz signal 
air shower was derived from the fast tuning part of the 
Adelaide University air shower array at Buckland Park This 


A trigger indicating the arrival of an * 


consists of five scintillators in a square array of side 31 m with 
1 m? scintillator at each corner and at the centre A com 
dence, with a resolving time of 150 ns, between the cent 
scntillator and any three of the remaining four was used 
produce the air shower trigger A mean shower rate of o 
per 500 s was used, corresponding to primary energies of abo: 
1015 to 1015 eV 

Measurements have been made in a routine way since Mart 
1973 and some 10,000 showers have been recorded Bac 
ground norse at 100 kHz has considerable variability, partic 
larly from day to night Traces were rejected if their maximu 
excursions were greater than a predetermined level outside tl 
region where an EAS pulse might be expected about 2% « 
all events were rejected on this basis The remaining trac 
were then integrated by sampling at three points where tl 
pulse would be expected and at fixed but arbitrary times befo) 
and after the pulse region In each case the largest peak-t 
peak amplitude m a 30 us interval was recorded Tt 
measured outputs were squared then added so that two summe 
squared noise measurements and a summed squared signa 


E 


Trigger 


50 us 


Fig. 1 a and b, Tracings of recorded receiver outputs showing 

typical 100 kHz radio pulses The signal was sampled every 

microsecond c, Similar recording of the impulse response of the 

receiver (input pulse rise time 20 ns, fall time 50 ns) The input 
pulse was applied at the time indicated by "Trigger" 
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plus-noise measurement were obtained Subtraction of 
summed squared noise from summed squared signal-plus-noise 
enabled the rms signal and rms noise level to be extracted 
This sampling technique has been investigated by J H Hough 
and J R Prescott (private communication) and shown to 
produce satisfactory retrieval of signal from noise The mean 
rms signal-to-noise ratto obtamed was about two, although 
for reasons discussed below this can only be used as a guide 
Many individual pulses are clearly visible above the noise 

Because 1t is possible for electronic recording equipment to 
pick up spurious signals, we have triggered our air shower 
array and radio receiving system with artificially generated 
signals in an attempt to produce pickup We have been unable 
to produce any significant amount of spurious signal which 
would be confused with genume signals The real signals that 
have been observed usually have such a large signal-to-noise 
ratio that it 1s most unlikely that there has been any significant 
contamination of the observation with spurious signals We 
note, without entering into details, that there 1s a positive 
correlation between pulse amplitude and shower size, an obser- 
vation unlikely to be compatible with spurious signals Typical 
large signals are shown m Fig 1, with the impulse response of 
the amplifier 

The antenna described above has provided the best signal 
to noise ratio we have observed so far, however, its properties 
are not amenable to a simple calculation For this reason a 
9 m long vertical “whip” antenna has also been used with a 
receiving system similar to that described above and both 
systems operated simultaneously The whip antenna has 
properties which are readily calculated (ref 6, page 400) From 
such a calculation and mtercomparison of the results from the 
two antennas it was concluded that the rms vertical field 
strength of the observed pulses was about 500 pV m-! MHz-! 
Background noie measurements gave results consistent with 
published predictions (ref 6, p 481) 

Published results at 22 MHz (ref 8), 6 MHz (ref 7) and 
2 MHz (ref 2) together with the present results (normalized, 
following convention, to showers of 1017 eV primary energy 
and assuming a geomagnetic emission mechanism) define a 
spectrum of field strength ¢ against frequency v which can 
be represented as a power law, e(v)e v-! 5 If we assume 
that the radio signal extends over an area ~27, then an 
estimate of the total energy E radiated at frequencies greater 
than some lower limit vo gives E~ 104+ vo~t J (with vo in Hz) 
A cutoff frequency of 20 kHz would result in the energy radiated 
being equal to the total primary energy This suggests that an 
additional energy source 1s needed . 

We have observed a substantial variation in the rms 
signal amplitude with time, the time variation being on a scale 
of days together with a smaller diurnal variation On occasions 
the signal has remained at rms amplitudes at least twice as 
large as the mean quoted above for some days, but on one 
occasion at least 1t fell to less than 10% of ther ms noise level 
for almost two days Further, as shown in Fig 1, observed 
pulse shapes do not correspond closely to the impulse response 
of the receiver and a variety of pulse shapes has been observed 
These observations are not consistent with any present theory 
of radio pulse emission* The only mechanism we are aware 

of which could conceivably explain our results 1s that in which 
he observed signal arises from an interaction between the 
ertical electric potential gradient existing in the atmosphere 
ad the 10nization due to the air showers Various aspects of 
ich a mechanism have been discussed previously??° Wilson? 
includes that shower-induced changes in the local atmo- 
heric potential gradient with time scales greater than 1 ps 
mid be observable, whereas Charman!? suggests that at 


MHz the field strength should be comparable with that due +e 


other mechanisms considered 


'n conclusion, radio pulses with a large signal-to-noise ratio , 


i been detected in coincidence with extensive air ee 
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cies above 20 MHz This may well lead to a resolution of the 
discrepancy? between theory and experiment at low frequencies 
and may possibly be related to the existence of a nofi-geomag- 
netic component 1n high frequency work? 

The work was supported by the Australian Research Grants 
Committee The University of Calgary loaned equipment 
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Atmospheric Gravity Wave 
Observations after the Solar Eclipse 
of June 30, 1973 


Ir has been suggested that, during a solar eclipse, gravity 
waves are generated by the Moon's shadow moving with 
supersonic speed through the Earth's atmosphere"? After 
the eclipse of March 7, 1970, several investigators?-* detected 
atmospheric gravity waves in the form of travelling ionospheric 
disturbances (TIDs) using different observational techniques 
But 1t was not possible to decide definitely whether the TIDs 
were due to the eclipse or to any other sources 

The solar eclipse which occurred on June 30, 1973, between 
0900 and 1415 ur over the North Atlantic and Africa, provided 
another opportumity to identify echpse-generated gravity 
waves Beer and May’ and Frost and Clark® performed ray 
tracing calculations and predicted positions and times at which, 
as a consequence of the curved eclipse path, focusmg of the 
waves should occur The principal focus of the southward- 
propagating waves 1s over South West Africa on the edge of the 
penumbra, where the wave amplitude at 1onospheric heights 
should be five to ten times greater than the predicted amplitude 
in the focusing area over California after the eclipse ın 1970 
The onset of the eclipse-induced waves over South West Africa 
was expected after 1415 UT 

The field station Tsumeb (19° 14’ S, 17° 43’ E), which 1s 
operated by the Max-Planck-Institut fur Aeronomne, hes near 
the predicted focus of the south-going waves On June 30, 
1973, four experiments were carried out durmg and after the 
echpse (1) Vertical incidence 10nograms were taken every 
5mm (2) The Faraday rotation angle of the 137 MHz signal 
of the geostationary satellite Intelsat II F3 (elevation angle 
&45?, azimuth 260? west of north) was recorded at Tsumeb 
and two additional stations, Outjo (20° 07’ S, 16° 09" E) and 
Okahandja (21° 59’ S, 16° 55’ E) (3) F-region TIDs were 
observed at horizontal distances between 900 and 1,700 km 
north of Tsumeb by means of h f ground-backscatterronograms 
taken every 4 mn (47 A microbarograph recorded ground 


pressure variations Figure 1 shows the results of the F-reexere 
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Fig 1 Ionosphere observations during and after the solar 

eclipse of June 30, 1973 (a) Electron density at the F-layer 

maximum, (6) total electron content at Tsumeb, Outjo and 

Okahandja, (c) real heights of normalized ionization levels, 

(d) horizontal distance between Tsumeb and TIDs occurring 
north of Tsumeb 


started at 2230 ur on June 28, 1973, and had Kp values up to 
6+ during the following day 

Figure 1a shows the electron density at the F-layer maximum, 
Nm, which was deduced from the vertical incidence ionograms 
From 1000 to 1100 ur and from 1600 to 2000 ur, the variation 
of Nm exhibits a regular and undisturbed behaviour Between 
1100 and 1600 ur, however, a large disturbance occurs which 
enhances Nn by a factor of 2 It 1s most probably caused by 
changes in the thermospheric wind system and composition 
which, on their part, are due to the geomagnetic storm? 
Between 1330 and 1500 ut a wave-like disturbance with a rela- 
tively small amplitude of about 5% can be seen 

Figure 15 shows the total electron content N, which was 
derived from the Faraday measurements at Tsumeb (TS), 
Outjo (OT) and Okahandja (OK) The ordinates for the 
three curves are displaced relative to each other The maxi- 
mum electron content, like Nu, 1s much greater than during 
geomagnetically quiet days After 1300 UT, a small disturbance 
was observed at Okahandja , Because the Faraday measure- 
ments at Okahandja are mainly determined by the 10nosphere 
at roughly the latitude of Tsumeb, this disturbance 1s probably 
identical with the simultaneously observed wave-like distur- 
bancem Nm But it does not appear in the N, curves of Tsumeb 
and Outjo, and is consequently a localized phenomenon 
without any connexion to the eclipse 

Figure 1c shows the real heights k of three normalized e 
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which are associated with the wave-like disturbance in Na 
between 1330 and 1500 ur Between 1530 and 1830 ur, another 
quasisinusoidal disturbance 1s recognized, the onset of which 
cannot, however, be determmed The relative minimum near 
1530 uT appears in Fig 15 as a point of minimum curvature in 
the N, curves which occurs at Okahandja earlier than at 
Tsumeb and Outjo The disturbance thus travels northwards 
The rapid increase of h after 1830 uT 1s due to the sunset The 
fluctuations superposed on the increase must probably be 
attributed to the reduced quality of the ionograms 
From the backscatter ionograms, the horizontal distance dy 
between Tsumeb and TIDs occurring north of Tsumeb was 
derived (Fig 1d) Near 1200 vr, several southward-travelling 
disturbances were observed which, at this time of day, were 
also found regularly on days before and after the eclipse 
Moreover, the relatively low speeds do not allow us to attribute 
them to the eclipse Another TID appeared near 1400 ur at 
dy 1,600 km moving southwards with a speed of 250 km h-! 
On other days of observation, no TID was found around 
1400 vr, the low speed, however, again excludes any specula- 
tion about an eclipse-related origin After 1500 vr, only 
northward-travelling disturbances were observed 
Between 1000 and 2000 vr, the microbarograph recorded 
only one oscillation train with a period of about 15 min It 
started at 1315 vr, so that ıt cannot be caused by an eclipse- 
induced gravity wave 
We conclude that no eclipse-generated atmospheric gravity 
waves could be detected near the predicted focusing area over 
South West Africa 
J P ScHopEL 
J KLOSTERMEYER 
J ROITGER 
Max- Planck-Institut fuu. Aeronomie, 
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Was the Tungus Event due to a 
Black Hole? 


THERE have been many attempts to explain the Tunguska 
meteorite, ranging from the prosaic to the bizarre!-3, We 
suggest that a black hole of substellar mass such as those that 
have been postulated by Hawking* could explain many of the 
mysteries associated with the event 

The Tunguska meteorite left a visible fiery trail accom- 
panied by thermal radiation and a blast wave that levelled 
forest over several hundred square kilometres! No crater an 


explosion) would 
wide area1—3, 
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BOW SHOCK 
TAIL SHOCK 
e 
[A LACK JET 
HOLE 
Fig. 1 Observational parameters for black hole-atmosphere 


interaction (see text) 


was slighty greater than Earth escape velocity An object 
with negligible geometrical radius will set up a shock wave such 
as that shown tn Fig 1 (refs 5-7) The rate of energy deposi- 
tion into the shock will be? 


dE/dt= T po Vo CARA? 


where Ra=2GMbpp/ Vo? 18 the “accretion radius" (Mon 1s the 
mass af tke black hole), Vo the velocity, po the density of the 
am, and Ca=(Swax/Smin) We take Smax to be the activity 
sphere of an object at the surface of the Earth, Smax= 
[Mon Mp Ro, and S,,, 1s the Schwarzschild capture cross 
section, 4G My Vo? 

If the Slack hole begins in interstellar space with zero 
velocity and falls freely to the Earth's orbit its velocity relative 
to the Zar-h would be between 109 and 10" cm s*! It would 
traverse ttz last 30 km of the atmosphere ın about 1 s and the 
total energy in the blast wave would be 107? to 10?* erg for 
masses ın the range 107° to 10?? g 

The temperature in the shock wave 7, would be 
10-* ma Və?/k where m, 1s the average mass of atoms ın the 
medium and k 1s Boltzmann's constant^:? In our case T, 1s 
between 12* and 10? K. A blackbody spectrum at this tem- 
perature peaks between 300 and 3000 A, so most of the radia- 
tion from the shock front would be in the vacuum ultraviolet 
and would be absorbed and reradiated at longer wavelengths 
There would be little hard X radiation and the accompanying 
plasma coiumn would appear deep blue 

These results agree well with eyewitness reports of the 
event! and with measurements of the pattern of throwdown 
of trees at the site?® Eyewitness reports of flash burning’, 
descriptions of the object as a bright blue “tube” !?, and searing 
of trees at the site indicate a temperature compatible with 
T, Zotkin and Tsikulint® have reproduced the throwdown 
pattern 1n a scale model tree field by means of an explosion 
travelling down a wire inclined at 30° to the surface followed by 
a static explosion some distance above the surface Their 
data show that the pattern could also be reproduced by a 
cylindrical explosion of finite length travelling at the same 
angle of inclination to the surface If the angle 0 in Fig 1 1s 
small encugh the shock wave from the black hole wouid 
resemble the shock wave from this sort of explosion 

Since the black hole would leave no crater or material 
residue, 1t explains the mystery of the Tungus event It would 
enter the Earth, and the rigidity of rock would allow no under- 
ground skock wave Because of its high velocity and because 
it loses only a small fraction of its energy in passing through 
the Ezrth. the black hole should very nearly follow a straight 
line throvgh the Earth, entering at 30° to the horizon and 
leaving through the North Atlantic in the region 40°-50° N, 
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30°-40° W Thus exit provides a check for the whole hypo- 
thesis At the exit point there would be another air shock 
wave and an underwater shock wave and disturbance of the 
sea surface | Microbarograph records could be checked for an 
event similar to that caused by the entry shock"! displaced by 
the proper amount of time Oceanographic and shipping 
records could be studied to see 1f any surface or underwater 
disturbances were observed 
We thank Mr T Criss for a discussion 
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Possible Syneresis Origin of 
Valleys on the Floor of Lake Superior 


RELIEF features occur on the floor of Lake Superior in 
distinct zones which are related to bottom type and water 
depth! (Fig 1) Zone A occurs in sand and gravel deposits 
to about 54 m depth Deeper, the generalized sequence 
of sediments is bedrock, glacial till and sand deposits, 
red clay, red varved clay, and brown clay*' In zone B, 
a network of intersecting linear grooves of width 5 to 
75 m having relief of 2 to 5 m and lengths of greater 
than 2 km occur in a till and red clay bottom at about 
54 to 165 m depth The grooves were probably formed 
by scouring by icebergs during an earlier lake stage when 
the continental ıce sheet formed a border of the lake 
In zone C, below about 165 m, the bottom consists of 
lacustrine clays, and a series of narrow, V-shaped valleys 
occur extensively on echograms! In this study, the valleys 
were examined by side-scan sonar, high resolution sub- 
bottom profiling, echosounding, and bottom sampling 
(Fig 1) 

The valleys cut through the strata of the first sub-bottom 
layer, sometimes reaching the depth of the next major 
sub-bottom reflector (Fig 2) Separations between valleys 
vary from 20 to 1,100 m and the distribution 1s shown 
in Fig 3a The apparent depths of the valleys (Fig 35) 
vary from 03 to 10 m These represent minimum depths 
because the bottom trace of an echogram generally 
represents the nearest reflector within the insonified area 
of the bottom The location, depth or distribution of 
the valleys does not seem to be related to bottom gradient 
or water depth The thickness of the sedimentary layer 
in which the valleys occur seems to be an important factor 
Fig 3 shows that as tbe layer increases in thickness, the 
separations and appargnt depths increase and their distribu- 
tion functions tend to spread out 

To study the spatial pattern of the valleys, tracks of 
30 kHz, 48 kHz, and 200 KHz side-scan $onar were taken 
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Fig. 1 Lake Superior area of investigation ——, Side-scan 
sonar and vertical echosounding profile, ---, sub-bottom 


profile, @, Carnegie core, A, bottom sample A, B and C, 
Physiographic zones of Berkson and Clay! Contour interval 
60m 


(Fig 1) Simultaneous 25 kHz echograms indicate that 
slopes of the valleys facing the transducer are the principal 
scattering features Sonographs display a polygonal net- 
work of connected valleys with three-valley junctions (Fig 
4a), a polygonal network with fewer or obscured connexions 
(Fig 45), and a series of isolated depressions (Fig 4c) 
In some cases, sound backscattered by valleys 1s below 
the sensitivity of the sonar, and the valleyed bottom shown 
on the echogram ıs an even texture on the simultaneous 
sonograph This ıs probably due to the extreme 
transparency and local smoothness af the bottom! The 
data suggest that polygonal networks occur m areas where 
the sedimentary layers are thinner 

The cross-sectional structure indicates that the valleys 
were formed after deposition of the finer sub-bottom layer- 
ing The pattern and cross section seem to preclude ice 
scouring and faulting as orgs Slumping is unlikely 
because the features are not localized or related to bottom 
slope Valleys in the clay floor of the Scotian shelf having 
a similar echogram cross section and appearing on 
sonographs as crater-like depressions of diameter 15 to 
400 m and apparent depth 5 to 20 m were attributed to 
an erosional process in which gas or water ascended from 
the underlying bedrock into the clays, which were then 
put into suspension and removed by bottom currents® 
This process does not seem to expiam the pattern and 
cross section of the Lake Superior valleys The features 
may have been caused by some type of bottom erosion 
The principal problem with erosional agents 1s 1n accounting 
for the pattern We will not discuss such agents ın detail 
here, but we will describe an alternative origin 

The structure and pattern of the valleys and their relation- 
ship to sedimentary layer thickness are characteristic of 
features formed in a layer of material that has undergone 
contraction The history of Lake Superior?? seems to 
rule out subaerial drymg, thermal contraction and beach/ 
shallow water precesses as origins Subaqueous shrinkage 
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features on a smaller scale have be 2- 
gramed particles in a water mixture Í em 
which may exhibit syneresis, thixotropy _oidal 
processes’ During syneresis, water is ce the 
gelling of the colloidal system’, res feu-ures 
associated with the expulsion process aling 
shrinkage of the sedimentary layer sucn a: sie cacks, 
polygons, cones, and pits?  Subaqueous res Cre to 
syneresis have been observed in laboratum, — perimentsti? 


and small scale features observed ın anc2n consolidated 
sediments have been attributed to syneresis^"* — 3irre layer 
thickness is a critical factor in the scale: and pa—ern of 
syneresis features? and subaernal shrirkage features”, 
syneresis features as large or much Jarge- thar te= Lake 
Superior valleys might occur in sedimerms, Lars scale 
subaerial desiccation polygons have beer reported? tmt 
we are not aware of large scale sukmarin2 features 
attributed to syneresis This origin accounts for the ic- 
spread occurrence, morphology, and laver taickness -2 stn- 
ship of the Lake Superior valleys Syneresis 15 [Cee to 
occur in zone C since the clays are characterized 57 high 
water content" (Fig 5) and very fine-cramec pa-ti-les, 
with the grey clay averaging 8596 fimer than 1 -m and 
the grey varved clay 92% finer than ] pm (refi = The 
apparent widths of the valleys range from azomxt 3 to 


200m 





Fig. 2. Sub-bottom profile of vall ys 





50 r T 


40 


E 
c 


96 Total number 

















£00 10CO 
Separ tir (nr) 








10 
Height (m) 


150 15u0 


Fig 3 Separation and apparent depth of valleys Thickress of 
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-DNA Polymerase | 
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Boehringer Mannheim have DNA Polymerase | 
that you can rely upon tn every way. For 
convenience of use the enzyme is supplied in 
5076 glycerol in a polypropylene vial that can 
be kept happily at —20°C during shipment . 
and'storage ` 
Our Grade | preparation with a specific activity 
of 2500—5000 U/mg corresponds to stage 7 
of the Jovin et al preparation. Before it 
leaves our Research Laboratories in Tutzing it 
undergoes exacting quality control procedures 
including SDS disc-electrophoresis which shows 
just one heavy and a few very faint bands. 
A fragment of the DNA Polymerase | enzyme— 
Enzyme A according to Klenow? is the latest 
--addition to our range It has a molecular weight 
: of only- 75,000, as opposed to 109,000 for the 
` DNA Polymerase 1, due to the removal by 
proteolytic activity of the 5’>3’ Exonuclease 
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DNA Polymerase is no exception-to.the 
Boehringer Mannheim dictumwthát-for each 
enzyme its own substrate, co-fagtor and a. 
inhibitor is supplied’, Examples fram the range 
of complimentary bjochemicals availabte-for -- 
DNA Polymerase Vare deoxytriphosphates 
including 5'—bromo dUTP, Nalidixic acid and 
Poll-d- (G-C)-—Analytical specifications and ` 
applications for these and the complete range 

of our biochemicals for Molecular Biology and 
Structural Studies are in these illustrated 
brochures m 


: Please.write-or telephone for your owr personal copy to:= ~. 


* The Boehringer Corporation (London) Ltd, © 3 > . 


Bilton House, Uxbridge Road, London, W5 2TZ 
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Where there's a radiochemical need... 


Whatever type of radiochemical product - labelled 
compound or isotope 

Whatever the specifications you require for your particular 
application — ultra-high specific activity, low specific 
activity with high stability, specially high purity or specially 
positioned labels 

However quickly you need tt 

It is reassuring to know that your local distributor can almost 
certainly supply tt immediately - if not directly from his 


own stock then by fast air freight from Amersham 

It is even more reassuring to know thar when you need 
technical assistance or advice, no matter where in the 
world your laboratory is situated a call to your local 
distributor can not only arrange prompt delivery of exactly 
the labelled compound you need - it can also mobilize 
for you the full resources of The Radiochemical Centre, 
Amersham 
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there's The Radiochemical Centre. 


| 


Our experienced technical staff are always ready to advise distributor It's all part of the unique service that adds up 
you, In writing or in person - they have already visited to real value for money 

customers in more than 40 countries and will travel well We'll gladly send you the name of our distributor in your 
over half a million kilometres during next year They are country, please write 

all working scientists in the laboratories at Amersham, And our associate companies are always ready to help 


where they maintain a constant familiarity with the products, 
product applications, and customer problems 


The Radiochemical Centre Limited, Amersham England 
Next time vor need a labelled compound, remember that Inthe Americas Amersham/Searle Corp, Illinois 60005 Tel 312-593-6300 
The Radiochemical Centre is as close as your local In W Germany Amersham Buchler GmbH & Co, KG, Braunschweig 
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ECTOMYCORRHIZAE 


Their Physiology and Ecology 

edited by G C MARKS and T T KOZLOWSKI 

A Volume in the PHYSIOLOGICAL ECOLOGY Series 
Contents G C MARKS and R C FOSTER 
Structure, Morphogenesis, and Ultrastructure of 
Ectomycorrhizae B ZAK _ Classification of Ecto- 
mycorrhizae F H MEYER Distribution of 


Ectomycorrhizae in Native and Man-Made Forests 
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Ectomycorrhzae V SLANKIS 
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corrhizal Development ANGELO 
RAMBELLI The Rhizosphere 
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MARX Mycorrhizae and Feeder 
Root Diseases PEITSA MIK- 
OLA Application of Mycorrhizal 
Symbiosis ın Forestry Practice 
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DRUGS AND THE 


CELL CYCLE 


edited by 

ARTHUR M ZIMMERMAN, 
GEORGE M PADILLA, 

and IVAN L CAMERON 

A Volume in the CELL BIOLOGY Series 

This book investigates a central problem of cell and 
developmental biology—the action of drugs on the 
processes of cell proliferation and differentiation It 
emphasizes the relationship between experimental work 
in fhe laboratory and the practical problems of drug 
design and therapy, with the aim of reducing the time 
lag between new discoveries and thew application to 
human benefit Drugs discussed include plant alka- 
loids, organic mercurials, adrenergic agents, radio- 
mimetics, narcotics, hallucinogens, mitogens, anti- 
biotics, and antimetabolites Especially stressed are the 
drugs used ın cancer therapy The types of cells 
studied include bacteria, protozoa, sea urchin and 
both in vitro and in vivo mammalian systems 

1973, 344 pp, $19 50 
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and NANCY J ALEXANDER 
1972, 64 pp, $7 50 
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by M J BERRIDGE and JAMES L OSCHMAN 
1972, 96 pp, $7.50 
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by BERNARD TANDLER 

and CHARLES L HOPPEL 

1972, 64 pp , $7 50 


MUSCLE 

by DAVID S SMITH $ 
1972, 64 pp, $7 50 
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You can receive these books for only $5 00 each whejt* 
you order three (3) or more . 


. Prices subject to change without notice 
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DEVELOPMENTAL BIOLOGY OF 


THE SEA URCHIN EMBRYO 
by GIOVANNI GIUDICE 


This volume represents the first comprehensive review 
since 1956 of sea urchin development It brings 
together 1n a single source significant research data 
from a number of studies of the sea urchin embryo— 
information previously scattered throughout the litera- 
ture It deals with morphological, embryological, 
metabolic, and molecular aspects of sea urchin 
development, and demonstrates techniques not only 
for dealing with specific experimental problems but 
also for evaluating existing experi- 
mental data ^ Extensive refer- 
ences direct the reader to the 
large body of literature that 
has accumulated concerning this 
organism 


1973, 496 pp, $32 00 


BIOPOLYMERS 


by ALAN G WALTON 
and JOHN BLACKWELL 


with a contribution by 
STEPHEN H CARR 

A Volume in the MOLECULAR 
BIOLOGY Series 

This book introduces the physi- 
cal techniques and principles 
employed in biopolymer research Although the 
term “biopolymer” has been defined’ in a variety of 
ways—from synthetic molecules fabricated from bio- 
logical “monomer” units to the full range of biological 
macromolecules—the book focuses, on the simpler 
laboratory-synthesized and native biopolymers The 
first part of the book emphasizes the techniques used 
in the structure determination and modeling of 
polymers, including Raman, ORD/CD, and electro- 
magnetic microscopy, x-ray and electron diffraction, 
electron miscroscopy, and theoretical conformational 
analysis The second part describes the biopolymers 
themselves, including polypeptides, polynucleotides, 
polysaccharides, fibrous and globular proteins, and 
nucleic acids Where possible, the principles of 
molecular conformational analysis are projected 
through model compounds to their native counterparts 
The book alsq presents an account of the current state 
of biopolymer research and includes previously 
unpublished data 

1973, 616 pp, $35 00 


Forthcoming in 1974 
JOURNAL OF ENVIRONMENTAL 
ECONOMICS AND 


MANAGEMENT 


edited by ALLEN V KNEESE 
and RALPH C d'ARGE 


This new journal's major focus will be to publish high 
quality theoretical and empirical papers emerging in 
the field of environmental economics and manage- 
ment While the general orientation. will be toward 
papers ın economics, the journal will also contain a 
substantial number of contributions of an mter- 
discrplinary nature, and papers by researchers in other 
fields of substantial interest to resource and environ- 
mental economists The Journal will be of interest to 
research economists and to all scientists concerned 
with resource management research 
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30 times the apparent depths, with the slope of the central 
part unknown The steep slopes observed ın experimental 
syneresis cracks might not be formed or preserved in 
zone C clays 

There may be a family of syneresis features of various 
sizes occurring in fine-grained sediments of the ocean and 
lake floors Based on experiments*”, important factors 
in determining the character of the ieatures might be 
sediment type, electrolyte type and concentration (such 
as salinity), and layer thickness Other factors might be 
sedimentation rate, character of the underlying layer, and 
bottom slope Earthquakes might have an effect by 
causing liquefaction of the sediments by thixotropy" or 
by speeding the expulsion of water Syneresis might be 
considered as an alternative hypothesis for the Scotian 
pockmarks', Lake Michigan pockmarks (J M B Gross, 
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and Lineback, unpublished), depressions on the Mediter- 
ranean continental slope attributed to slumping", features 
observed in sediments after the Alaska earthquake", or 
features observed on bottom photographs attributed to 
degassing of sediment, lebensspuren", and so on But 
the very small features may be short lived because of 
erasure by small-scale biogenic activity? or by many 
superimposed lebensspuren Further studies of the mass 
properties of the bottom and additional experiments will 
be helpful in evaluating this origin 

This research was sponsored by the Office of Naval 
Research and the University of Wisconsin-Madison Ship 
time on the RV Inland Seas was provided by the Great 
Lakes Research Division, University of Michigan We 
thank L Greischar, W Leong, J Luetgert, T. Kan, and 
G Sandness for assistance, and R Meyer for loaning the 
sub-bottom profiler We thank J Verduin, J Sanders, 
and W A White for helpful discussions, and W Farrand 
and S Hart for providing unpublished data of the Carnegie 
cores 
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Climate and the Galapagos Islands 


CoriNVAUX: has suggested that the Galapagos Islands were 
* dry during the period from about 30,000 to 10,000 Bp and that 
this was because the intertropical convergence zone (ITCZ), 
eewhich at present brings rain to the area in the early part of 
each year, remained north of the geographical equator during 
e this period Here^I sHall examine the obvious alternative 
possibility, namely that the ITCZ remained south of the 
geographical equator during the period y 


92 


Although it may be premature to state that there is a satıs- 
factory theory to explain the latitude of the ITCZ and its 
variation with longitude and season, there are now available 
extensive observations of the variation which can be found 
in standard textbooks of climatology for land areas? and 
obtained from satellite cloud photographs for the ocean areas? 
One can also use mean wind observations in the free atmosphere 
to compute the field of rising motion^, and this has been done 
both for the zonal mean and as a function of longitude 

It 1s possible to view the mean Hadley cell meridional 
circulation as driven by the middle latitude baroclinic eddy 
processes which are themselves linked to the temperature 
gradients across middle latitudes? In Table 1 ıs shown the 
temperature difference between latitudes of 70° and 20° for 
both hemispheres for four seasons at a level of 700 mbar 
together with the latitude of the centre of the mean rising 
motion* (Note that when the temperature gradient across 

^ middle latitudes increases, the ITCZ moves away from the 
maximum gradient) In January with the largest gradient in 
the northern hemisphere, the mean position 1s south of the 
equator As the southern hemisphere gradient outweighs the 
northern hemisphere gradient in June-August, so the mean 
position moves to the north of the equator The mean position 
over the four seasons is to the north of the equator while the 
mean gradient is greatest in the southern hemisphere In 
addition, the sum of the gradients in the two hemispheres, 
which may be regarded as the overall forcing function for the 
intensity of the Hadley cell circulation, is 4 maximum in 
December-February and it has been argued previously that 
the Hadley cell intensity 1s also a maximum then as evidenced 
by the occurrence of the lowest annual temperatures at the 
tropical tropopause’ 





Table 1 Middle Latitude Temperature Gradient at 700 mbar and 
Mean Position of Rising Motion 





ITCZ Gradient 
20-70° N 20-70*S latitude sum 
December-February 3l 27 6S 58 
March-May 28 29 1S 57 
June-August 15 31 IN 46 
September-November 25 30 6N 55 
Mean 25 29 1 5N 54 
Estımate for 20,000 BP 40 375 ^g 775 





From data mn ref 4 Units °C 

Turning to 20,000 sP, where mean temperatures are only 
available for the precipitation season at high latitudes, ıt can 
be seen from ice core data? on 8(190/!90) that the temperature 
gradient in the northern hemisphere increased more than that 
in the southern hemisphere If the isotope ratio data are 
converted to equivalent temperature changes, using present 
day variation in temperature and ratio as a guide, it 1s found 
that temperatures at 77? N were lower in 20,000 sP than now 
by about 20° C while those at 80° S were only decreased by 
about 13 5? C It 1s therefore possible that the temperature 
gradient in the northern hemisphere exceeded that in the 
southern hemisphere with the implication from Table 1 that 
the mean position of the ITCZ would be south of the geo- 
graphic equator 

Of course this does not 1mply that at the specific longitude 
of the Galapagos Islands the position was to the south The 
latitudinal displacement of the ITCZ depends markedly on 
longitude, being larger over eastern South America and 
Eastern Africa and the Indian Ocean region than over the” 
Central and Eastern Pacific and the Atlantic Additional 
evidence for the present hypothesis is therefore best sought * 
1n regions where the present displacement is small Presumably 
the Peruvian désert coast must have been wetter than now, 
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there is some evidence of a considerable accumulation of 1ce 
in North-west Peru during the last glaciation? On the other 
hand on the eastern side of the continent near Georgetown, 
Guinea, where a larger latitudinal displacement mught be 
expected there is evidence of dryer conditions'® There 1s 
also some evidence that the Amazonian forest was drier than 
at present"! 

On the west coast of Africa where now the mean ITCZ 
position 1s north of the equator there 1s evidence that towards 
the end of the last glacial pertod conditions were much drier 
and in fact it 1s thought that dunes invaded the savanna across 
a broad belt from the Atlantic coast to the Nile Valley!? 
This could be interpreted as a southward shift in the mean 
position of the ITCZ Again conditions varied with longitude 
and in fact before 21,000 ge Lake Chad was much more 
extensive than at present!?, however, it is difficult to decide 
whether this was due to greater rainfall or lower temperature 

In Table 1 ıt 1s assumed that temperatures at 20? N and 
20? S were 5? C lower 1n 20,000 BP than now Notice that the 
gradient sum which I argued earlier gives a measure of the 
Hadley cell intensity ts also greater for 20,000 pp It is hard 
to relate intensity and sum for a previous period because a 
smaller moisture content was presumably associated with the 
lower temperature and the latent heat forcing which plays 
such a large role in the atmospheric energy cycle may therefore 
have been lower 

Finally it 1s desirable to obtain a clearcut physical linkage 
between the middle latitude temperature gradients and the 
position of the ITCZ One such chain of events has been 
described by Namias!? who related rain in North-east Brazil 
to temperature gradient 1n the North Atlantic Another more 
general relationship follows briefly 

The temperature gradient determines the degree of baroclinic 
eddy activity which in turn controls the flux of angular momen- 
tum polewards As the latter increases the Hadley cell circula- 
tion must also increase in order to provide a momentum 
balance in the upper troposphere at low latitudes A strong 
polewards flow there, which 1s acted on by the Coriolis torque 
to produce an acceleration towards the east and thereby a 
balanced situation, 1s best achieved with the rismg motion to 
the south of the equator as in the present January case The 
suggestion here ts that this situation prevailed at 20,000 BP 

I thank the US National Science Foundation for support 
through a Senior Post Doctoral Fellowship for studies of 
climate of the past Our studies of the tropical general circula- 
tion have been supported by the Earth Sciences Branch, US 
Atomic Energye Commission 
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Measurements on a Negative- 
Thixotropic Fluid 


I HAVE carried out some measurements on an alkaline 
perbunan latex dispersion which shows distinctive negative- 
thixotropic properties The latex 1s normally a milky fluid 
but, when vigorously shaken, rapidly turns into a gelatinous 
mass On resting it reverts to fluid in 15 to 30 min depend- 
ing on the concentration 

There have already been some descriptions of negative- 
thixotropic behaviour’, but few authors have demonstrated 
the recovery of the fluids involved at rest 

I used a Weissenberg rheogoniometer with a 75 mm 2° 
cone-and-plate arrangement It was sheared at a series 
of increasing shear rates D at 25? C Each D was held for 
about 10 s until the torque reading seemed to be constant 
At low D the shear stress, F, results showed no untoward 
behaviour The flow curve closely obeyed the power law 
equation with an index of 09 over about three decades 
of shear rate from 01 to 100 s! But at high D, typically 
about 200 s~!, and after a time at an apparently constant 
value, F began to rise, and 1n about 1 min went off scale 
The latex in the cone-and-plate gap formed into little 
nodules and was expelled 

I examined this shear thickening behaviour by plotting 
the shear stress/time (F, relationship at constant D 
There was much variation in the time of shearing required 
at any particular D before a sample would show shear 
thickening For each (F,) curve a time, t, Was chosen 
in a subjective manner as the point at which the shear 
thickening begins The dependence of t, on D 1s shown 
im Fig 1B Using this time as zero, the (F,t) curves for 
each D were aligned so that the dependence of the shape 
of the curves on D was brought out (Fig 1A) It can be 
seen that in spite of the large variation in f, the aligned 
curves show close agreement For low D the rise in F 
with t was gradual but at high D the increase ın F can be 
described as catastrophic once ¢, was exceeded This 
behaviour is similar to that described by Pavan et al” 
and Savins" but I was unable to obtain the higher steady 
F values because the sample was expelled 

I tried to map the constant-structure (A) curves of Cheng 
and Evans"? using the experimental technique of step 
change in shear rate In spite of the variability in the 
latex samples, even in those taken from the same 50 ml 
batch, and other difficulties, for example, solvent evapora- 
tion if the sample was used for too long and loss of 
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Fig 1 A, Shear stress/time curves at various shear rates aligned 

with f,as zero, Time at which shear stress starts to increase 
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Fig 2 Results of experiments to map the constant-A structure 
curves (see text for explanation) Samples tested O, first, 
Lj, second, A, third, x, fourth 


sample by expulsion, a clear picture emerged (Fig 2) 
One latex sample was sheared at 85 s-! for 720 s without 
F increasing appreciably (point (A) in tbe figure) The 
value of D was suddenly decreased to 84 s-! (B), and 
then increased by steps back to (C) and beyond to 337 s^! 
(D) The F value on reshearing at C was virtually the 
same as that at the start but at 534 s^! the sample was expelled 
immediately 

A second sample was sheared at 134 s~! for a time (E) 
and then repeatedly sheared over a range of values of 
D (F to G, H to I, J to K) for a total of 1,020 s without 
significant increase in F In the next 57 s at 134 s? F 
did, however, rise significantly (L) and a different set of 
results was obtained when the cycle was repeated (M to 
N) The value of F increased further when D was held 
at 134 s^! (O) and on changing down to 85 s^! a large 
F was obtained (P) 

The behaviour of the sequence (LMN) was examined 
in more detail with a third sample This was sheared 
at 134 s^ and reached Q On changing to 85 s^ F 
decreased with time (R to S) Nothing special was noted 
at T, but at the two higher values of D, F was observed 
to increase with time when D was held steady for a short 
time On reaching U the sample was rapidly expelled . 
The same experiment was carried out on a fourth sample 
with the result also shown in Fig 2 (VWXY to Z) it was 

e not expelled until 134 s^! was reached 
The results of Fig 2 show the trend of the family of 
eeconstant-A curves in the curves (BCD), (GF, HI and 
JK), (LM, OP, QR and VW) Judging by the shape of 
the curves (GF), (HI. and (JK), ıt can be conjectured 
that the constant-A curves show yield stresses which increase 
as the level of structure increases The position of the 
equilibrium curve (EQ) is approximately* as shown It 
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divides the (F,D) field into a region of structural buildup 
and increasing F on the right of the curve (EQ) and one 
of structural breakdown and decreasing F on the left 
The steepness of the curve indicates the high F associated 
with the equilibrium structure obtained at values of D 
above about 20 s^ 

The constant-A curves of Fig 2 and the (F, curves 
of Fig 1 are used to determine the two negative-thixotropic 
functions o(F,D) and B(F,D) as defined by Cheng" 5 


a(F,D)-(8F/0Dy,, B(F,D)- (F/d) » 


The actual data shown in Figs 1 and 2 can be used to 
determine the approximate form of the maps of œ and f 
that can be expected In Figs 3 and 4 the point values 
of a and f, estimated from Figs 1 and 2, are plotted and 
from these the approximate positions of the constant-a 
and constant-8 curves are deduced These two families 
of curves can, of course, be drawn on the same paper to 
give a grid map For the latex, these curves must be taken 
with the data of ¢, to complete the constitutive relationship 

It 1s interesting to speculate on the origin of the negative- 
thixotropic behaviour Structural buildup 1s generally taken 
to be the agglomeration or flocculation of the microscopic 
or submicroscopic species in a fluid This tendency 1s 
governed by intermolecular forces acting between the 
particles and the collision frequency between the particles 
under Brownian motion and shear The collisions can 
have two opposing effects One is to bring ‘the mndrvidual 
particles into contact and so promote structural buildup 
The other causes the breakup of existing flocs and leads 
to structural breakdown Thus, depending on the balance 
of intermolecular forces and the effect of Brownian motion 
and shear, the result may be thixotropy or negative 
thixotropy 

From this line of reasoning ıt might be conjectured that 
the temperature dependence of negative thixotropy 1s 
opposite to that of thixotropy We therefore tested the 
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Fig 4 Mapofconstant-B curves Bis given ın N m~? s7! 
latex over a range of temperatures from 0? C to 75° C 
usng a Contraves Rheomat-15 viscometer, but found no 
anomaly The flow curves were parallel to the rheogonio- 
meter data and showed a decrease in viscosity as the 
temperature increased The shear rate in the viscometer 
seemed not to be sufficiently high to cause buildup, but 
there 1s a hint that higher D may be used without the 
increase in F at higher temperatures, in agreement with 
the observation of Pavan et al? It would be interesting 
to examine how the equilibrium curve is affected by 
temperature 

I thank Dr H Gyesekus for introducing me to the 
perbunan latex and to Dip-Ing H Bruchmann, Farben- 
fabriken Bayer AG, Leverkusen, West Germany, for the 
latex The experimental work was chiefly carried out 
by Mr R W Higman 


D C-H CHENG 
Warren Spring Laboratory, 
Gunnels Wood Road, 
Stevenage, Hertfordshue SG1 2BX 


Received May 15, revised July 16, 1973 


1 Crane, J, and Schiffer, D,J Polym Sci ,23, 93 (1957) 

? Weltmann, R N, in Rheology Theoiy and Application (edit by 
Eirich, F R ), 3, 216 (Academic Press, New York, 1960) 

3 Yannas, J B , and Gonzalez, R N , Natu e, 191, 1384 (1961) 

* Gabrysh, A E, Ree, T , Eyring, H , Mckee, N , and Cutler, I, 
Trans Soc Rheol , 5, 67 (1961) 

5 Gabrysh, A E, Ree, T, Eyring, H Mckee, N , and Cutler, I, 
J Am ceram Soc , 45, 334 (1962) 

6 Jessberger, H L, VDI Z , 105, 187 (1963) 

7 Medalia, A L , and Hagopian, E , Rheol Acta, 3, 100 (1963) 

8 PE W E, and Tulian, S, Thans Bi Soc Ceram, 63, 167 
196 

? Bauer, W H , and Collins, E A ,1n Rheology Theory and Applica- 
tion (edit by Einch, F R), 4, 427 (Academic Press, New 
York, 1967) 

















lin, A., and Turner, D. T., J, 
H Savins, E. G., Rheol, Acta; 7, 87 (1968). — 
vo P Cheng, D. CAH., and Evans, E., Br. J. appl. Phys.,16, 159941965), 
vo P* Cheng, D. C-H., Nature, 216, 1099 (1967). 
“18 Cheng, D. C-H., Rheol. Acta (in.the press). 
15 The Characterization of Thixotropic Behaviour, Rept. No. LR157 
C7 (MH) (Warren Spring Laboratory, Stevenage, 1971). 


_ Can Ball Lightning Exist in 


Brair' has suggested that ball lightning is associated with a 
strong magnetic field which extends far beyond the confines 
of the ball. 

I have been within 50 cm of ball lightning in its smooth 
and unerring passage through an aircraft? I carried a 
penknife in my trouser pocket, a steel tobacco tin in my left 
jacket pocket and a steel screwdriver in my right jacket 
pocket. No motion of these objects was detected although 
they were known to be satisfactory detectors of magnetiza- 
tion and would have been greatly moved by a field of 
150 gauss whether centred on the ball or otherwise directed 
through the aircraft. Noting also the ethereal quality of ball 
lightning, it is surprising that, if it is strongly coupled to a 
magnetic field as Blair suggests, the balls did not dance 
to the bells’. 

In recent years I have received several first hand reports 
on ball lightning. These include an event where the ball 
appeared some seconds before a nearby building was struck 
with lightning. The ball had the classical diameter of 
720 em and maintained a flight path about 50 cm above the 
local surface (a staircase and subsequently the flex of a 
vacuum cleaner held in the mouth by the transfixed observer). 
A further important observation was of a 20 em ball which 
appeared at a height of about 50 cm over the trailing edge 
of the mainplane of an aircraft in flight. It moved 
parallel to the line of the mainplane at a speed of about 
i m s^ before being cast off the end and was not blown 
off in spite of the considerable air speed. There are other 
reports where the velocity of a ball external to an aircraft 
is quoted as comparable to that of the aircraft and not 
that of the air through which it is moving. 

As I pointed out in my review of Singer’s book', if 
one rejects sightings which are contradicjory or highly 
questionable as scientific observations, the same salient 
features of ball lightning recur in all reliable reports. In 
particular, the diameter of the ball, the velocity relative to 
the local surface, the distance from the surface and the 
lifetime of the ball are remarkably consistent. On the 
whole the reports of benign ball lightning tend to be more 
reliable than those of the explosive variety which may be 
confused with meteorites and other energetic phenomena. 

I suggest that ball lightning is dependent not on the 
vaporization of a surface but on the fórmation of a phase- 
locked loop of electromagnetic radiation in the intense field 
associated with lightning activity. I further suggest that 
there is, in these circumstances, a particular wavelength of 
electromagnetic radiation which can form a stable standing 
wave which externally exhibits a spherical configuration and 
which excites the ambient gas to produce the glow by which 
it is seen. As the energy is dissipated in this manner the 
lifetime of the ball is limited but the locking of the wave- 
length maintains its configuration and its dimensions. It 
follows that the typical clearance of the ball from con- 
ducting surfaces may be associated with the maintenance 
Of. equilibrium between the ball and its image in the 

: conductor. 


|. Although the scale and degree of quantization of the 


. phenomena are quite different, the occurrence of electro- 
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Magnetic radiation in phase-locked loops at a precis 
quency also occurs in the process of pair production. | 
There. are at present a few reliable reports, but it will be 
very interesting to accumulate further reliable data with 
which to show that the size of a ball is, to a. first order, 
independent of the pressure of the air. In particular, it 
may be possible for ball lightning to exist in regions of 
very low pressure where it may not be recognized by the ' 
luminosity of excited gas. US 
R. C. JENNISON 
Electronics Laboratories, 
The University of Kent at Canterbury, Kent 
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BIOLOGICAL SCIENCES 


Ribosomal DNA Connectives between - 
Human Acrocentric Chromosomes 


ASSOCIATION of satellite regions of the human acrocentric” 
chromosomes 13, 14, 15, 21 and 22 has received much atten- 
tion because of its possible relation to nondisjunction; trans- 
location and lesser structural variations, to which these 
chromosomes seem unusually prone. (A list of references 
relevant to this subject is available from the authors.) The 
overall frequency of associations in metaphase varies With 
techniques of cell culture and preparation as well as with the: 
individual, The participation of different acrocentrie o 
chromosomes is random in some people, but nonrandom. in : 
others*?, As individual variation may account, in part, for e 
contradictory reports concerning correlation of association 
characteristics with age}, and chromosomal 
abnormalities" jt is an important feature to explain; 

Threads connecting satellites are occasionally visible ; for 
example, Zang and Back' noted that about 10% of their. 
associations were fixed in this manner. By electron micro- 
scopy, Lampert et al? showed that intersatellite fibres-—in 
common with other connectives—consist of type B nucleo- 
protein, the usual structural component of condensed: 
chromosomes. A large bundle of such fibres would be 
required to produce a visible thread ; from this it can be 
surmised that connectives are more often present than seen; 
In the course of experiments on hybridization of tritium: 
labelled rRNA CH-rRNA) to human metaphase chromo: 
somes? we found grains arranged between separate satellites, 
indicating the presence of subvisible labelled strands. Thus- 
intersatellite connectives are indeed more frequent than they. 
seem to be, and their nucleic acid is identified as DNA com-. - 
plementary to rRNA (rDNA). This identification suggests à- 
hypothesis to explain individual variation in human satellite. 
associations, 

We used a modification of the in situ hybridization tech- 
nique of Gall and Pardue”. Human *H-rRNA of specific 
activity 4x 10° d.p.m. ug™, at a concentration of 2 ug ml-* 


sextet J8 


the DNA of human lymphocyte chromosomes had been 
denatured in 95% formamide. The slides were held for.18'h_ 
**at 38° C, washed, treated with RNase, dried, coated. with 
Kodak NTB 2 emulsiqn and exposed for 1 month, "The. 


RNA to compete for nonspeoific binding. After develop- 
ment, the slides were stained with GientSa. ‘Details: of. 


. 
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Fig. 1 Portions of metaphase figures showing autoradiographic 

evidence of connectives following im situ hybridization with 

3H-rRNA. Arrows indicate satellite regions of the acrocentric 
chromosomes involved. 


*H-rRNA preparation and hybridization on slides are given 
elsewhere", 

Examination of 105 metaphases revealed eighteen cases in 
which lines or arcs of grains connected the satellite regions 
of different acrocentric chromosomes, although no visible 
connectives were present. In a larger number of cases sub- 
visible strands were suspected ; but we were not convinced 


of their reality, because the grain density tended to decrease , 


with increasing distance between acrocentrics. Figure 1 shows 
examples in which connectives may be inferred with varying 
degrees of confidence. Unequivocal connectives were 
present where the chromosomes woyld not have been con- 
sidered associated in the absence of grains. 
of grains per connective was*within the range observed over 
satellite associafions. In no case did any array of grains 


The number * 


with obvious serial correlation terminate on any chromosome 
other than those of the D and G groups. 

It is clear from cytological evidence", and from the 
presence of rDNA*, that each of the acrocentrics—and no 
other chromosome—possesses a nucleolar organizer. Asso- 
ciation of satellites in metaphase is therefore generally 
regarded as a holdover from their proximity to a nucleolus. 
The question remains, however, of why such proximities 
persist when the chromosomes are spread on slides. When 
chromosomes condense and nucleoli disappear, the rDNA 
previously dispersed in nucleoli is seen to be concentrated 
in satellite regions“. As the amount of rDNA in the human 
genome” is such that its uncondensed length would average 
more than 200 um in each of the acrocentric chromosomes, 
the rDNA evidently must condense at some time during 
chromosome condensation. Strand proximity within a 
nucleolus affords an opportunity for entanglement, or 
shared nucleoprotein complexing, or rDNA from different 
nucleolar chromosomes. We surmise that such co-condensa- 
tion gives rise to connectives among the satellites. In 
consequence, residual proximities would be rendered more or 
less stable, depending on the ductility and elasticity of 
connectives, and the forces displacing chromosomes during 
the preparation of slides. This interpretation is consistent 
with the presence of both visible and subvisible connectives 
stretched to various degrees, and with partial dependence of 
the frequency of associations on the method of preparation. 
The hypothesis to be advanced is based on the inference that 
those associations that persist into metaphase are, in most 
cases, maintained by nucleoprotein connectives containing 
rDNA. 

To explain individual variation, we propose that the 
frequency with which connectives involve the rDNA of a 
given nucleolar organizer is a function of its rDNA content. 
The overall association frequency is thus determined, in part, 
by the total amount and distribution of rDNA, while the 
individual specific pattern is determined by the distribution 
alone. Accordingly, in a person with random association 
of different acrocentrics, each nucleolar organizer would 
have approximately the same amount of rDNA; whereas 
in persons showing nonrandom association, some of the 
nucleolar organizers would contain unequal amounts of 
rDNA. Because the association frequency is sensitive to 
culture conditions'?, it may be difficult to correlate with total 
rDNA content. According to our hypothesis, however, 
individual specific patterns should be practically free from 
technical variation. Detection of major inequalities in rDNA 
content among different nucleolar organizers is feasible by 
means of grain counts after im situ hybridization with 
*H-rRNA. 

The hypothesis implies that the iteration number of the 
rDNA is polymorphic, and is a heritable attribute of a 
given nucleolar organizer, as already demonstrated in 
Xenopus” and Drosophila?. It predicts that satellite associa- 
tion patterns are heritable in a complex way. As the normal 
complement of acrocentrics is any of 1,024 combinations of 
the parental chromosomes, this prediction cannot be tested 
in unselected pedigrees, With probands selected for extremely 
nonrandom association, it should be possible to trace the 
inheritance of chromosomes that contribute largely to non- 
randomness. Concordance of association characteristics 
in monozygotic twins is expected, but only insofar as the 
amount and distribution of rDNA are stable in somatic cells. 

Observations that parallel these predictions have been 
reported with respect to morphological features of satellite 
regions; that is, they show individual variation*-*, con- 
cordance in monozygotic twins", and marker chromosome 
transmission. (A list of references relevant to marker chro- 
mosome transmission can be obtained from the authors.) It 
is uncertain, however, whether rDNA content, or tendency 
to associate, can be regularly correlated with satellite 
morphology. 
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It is hard to avoid the question of what happens to the 
connectives at division. We surmise that they can unravel ; 
but their breakage is a possible source of variation in rDNA 
content and distribution, and—according to our hypothesis— 
in the association characteristics, The existence of indivi- 
dual specific patterns suggests that such variations do not 
originate often enough to cause significant heterogeneity 
among somatic cells. No definitive investigation of the long 
term stability of satellite association patterns has been 
reported. 

This research was supported by a contract from the US 
Atomic Energy Commission. 
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T Mycoplasmas on Spermatozoa 
and Infertility 


T MYCOPLASMAS have been associated with spontaneous 
abortions and stillbirths'. In at least one case T myco- 
plasmas were the aetiological agents of amnionitis and 
spontaneous abortion®. Recently we isolated T mycoplasmas 





Fig. 1 Scanning electron micrograph of small T mycoplasma 
colonies originating from sperm cells. (Magnification x 1,380.) 


in abundance from the ejaculates and the cervical secretions 
of a selected group of patients With unexplained infertility’. 
It has been suggested that the T mycoplasmas might play 
an important part in reproductive failure, as pregnancies 
were achieved in about 3095 of the couples after eradication 
of the T mycoplasmas*. The possible underlying mechanism 
remained obscure although some data indicated that the 
T mycoplasmas were attached to sperm cells. The work 
reported here was done to establish whether T mycoplasmas 
could be found attached to sperm cells of men with repro- 
ductive failure. 

Sperm samples were obtained from infertile men with 
T mycoplasmas and from fertile men without T mycoplasmas 
in their ejaculates. One portion of the sperm specimen was 
inoculated into Shepard's U9 broth, transported to the 
laboratory, reinoculated and incubated’. One portion of the 
remaining specimen was washed four times in phosphate- 
buffered saline (PBS). The washed spermatozoa and the 
supernatants were inoculated onto Shepard's A3 agar and 
incubated’, The plates were read in a phase contrast micro- 
scope at X320 and the percentage of colonies selected at 
random originating from the spermatozoa was estimated. 
Some of the plates were then fixed in 2.5% glutaraldehyde- 
5% sucrose solution and then dehydrated in increasing 
concentrations of alcohol as described by Greenwood and 
O'Grady* They were then gold shadowed and examined 
in a JEOL' JSM-3 scanning electron microscope at magni- 
fication up to X 5,000. 

The remainder of some specimens was diluted in PBS and 
then fixed in 2.5% glutaraldehyde. The specimens were then 
dehydrated in increasing concentrations of acetone and pre- 
pared for scanning electron microscopy. Single spermatozoa 
were examined in the ‘JEOL’ JSM-3 scanning electron 
microscope. Seminal cultures from seven men with a known 

, T mycoplasma infection exhibited growth in six of the cases. 
Five controls showed no growth. Phase contrast micro- 
scopic determinations of the percentage of T mycoplasma 

**colonies originating from the spermatozoa of five of the six 
positive cases are summarized in Table 1. Scanning electron 

* microscopic examination revealed that the T mycoplasma 
colonies seemed to originate from the anterior or middle piece 
of the spermatozoa (Figs 1 and 2). Seanning electron 
microscopy of single, washed' spermatozoa from infertile 
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patients with growth of T mycoplasmas showed that some 
of the spermatozoa had rounded, bud-like outgrowths on 
the posterior part of the sperm head or on the middle pieces 
(Fig. 3). These bud-like outgrowths were not found in con- 
trol specimens. 


Table 1 Microscopic Determination of the Origin of Randomly 
Selected T Mycoplasma Colonies Isolated from the Seminal Fluid 
of Five Infertile Men 





No. of T mycoplasma colonies 


Patient Origin from Origin Total 
code spermatozoa elsewhere number 
PB 288 (93) 22 310 
SN 280 (92) 25 305 
JZ 232 (97) 8 240 
FH 170 (85) 30 200 
AP 200 (95) 10 210 





Figures within parentheses denote percentages. 


The results of this investigation suggest that T myco- 
plasmas are attached to sperm cells, in agreement with our 
earlier suggestions), Similar findings have also been obtained 
with bull ejaculates by Taylor-Robinson and Manchee*. 
Whether the T mycoplasma cells adhere to the sperm cells 
during the passage of the ejaculate through the urethra, or 
earlier, was not possible to determine. 





Fig.2 Scanning electron micrograph of a T mycoplasma colony 


growing from the midpiece region of a sperm cell. 
sperm head. (Magnification x 1,860.) 


Arrow, 


Earlier reports" showed that although T mycoplasmas 
were uniformly sensitive to doxycycline, the same T myco- 
plasma strain was easier to eradicate in the male than in 
his female partner. This is in accordance with the above 
findings as tetracyclines are bound to sperm cells and in 
particular to their midpiece regions’. 


Some T mycoplasma strains produce substances which ° 


react with neuraminidase antibodies (H. G., unpublished). 
Pregnancy can be inhibited in mice after neuraminidase 
treatment? and it is therefore» possible that T mycoplasmas 
which produce rfeuraminidase-like substances may interfere 
with fertilization or developnient of the fertilized egg. This 
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Fig. 3 Scanning electron micrograph of isolated spermatozoa 

from infertile patients with growth of T mycoplasmas. The 

bud-like outgrowths in the neck region were not seen in control 
preparations. (Magnification x 1,860.) 


may be the underlying cause for reproductive failure in 
some cases. Further investigations are now in progress. 
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Histones and Cancer Test 


IN 1967, Tomasi and Kornguth' described the purification 
and partial characterization of a basic protein from pig 
brain which they later* suggested was a new tissue specific 
histone. This was a reasonable assumption considering the 
general] properties of the molecule but it would now seem 
likely that this protein is in fact one of the basic proteins 
of myelin. It is now reasonably well established that it is 
the basic proteins extracted from myelin which are respon- 
sible for the experimentally induced allergic encephalo- 
myelitis in animals’, and Bauer‘ has recently suggested that 
there is statistical evidence for the homology of the main 
determinant of the human encephalitogenic protein (resi- 
dues 112-122)° and a part of the amino acid sequence of 
the histone fraction F2AI, The similarity between the 
amino acid composition of the myelin basic protein and 
histones has been ncted* and the differences stressed', but 








. Careful examination of the analysis given by Caspary and 
-< Field’ of their encephalitogenic protein of human origin and 
the purified histone fraction F2AI', however, reveals a 
remarkable similarity. This being so, and because of the 
importance of the macrophage electrophoretic mobility 
(MEMP test, which may indicate the existence of malignant 
neoplasia particularly at an early stage of development, and 
because of the interest in the isolation of the tumour 
Specific basic protein’, we thought it advisable to test the 
various histone fractions for their effect in this system. The 
five histones used were highly purified fractions prepared 
and characterized by methods which have all been described 
previously", "They were tested as described by Pritchard 

cet al" and the results are given in Table 1. 





C^ Table 1 Effect of Various Histone Fractions on Macrophage Electro- 
; phoretic Migration 


“Antigen” 


Slowing of macrophages (°) 


Encephalitogenic protein 14.0 
Histone F2A1 23.6 
Histone F2A2 21.3 
Histone F1 18.9 
Histone F3 12.5 
Histone F2B 6.1 





The macrophage electrophoretic mobility (MEM) test was carried 
out according to the method of Pritchard e£ al.!. 


The various histones have been compared with the 
encephalitogenic protein prepared according to the method 
of Caspary and Field* and it can be seen that the lympho- 
cytes, which were from a patient with a squamous carcinoma 
of the cervix uteri, respond to histones F2A1 and F2A2 to 
a greater extent in these conditions. There are striking 
sequence similarities between these two histones”. Histone 
Fl is about as effective as the encephalitogenic protein but 
histone F2B is relatively inactive. These results prompt 
many important questions. Does the fact that F2A1 gives 
better results than the encephalitogenic protein mean that 
the lymphocytes are "sensitized" to histones, and if so, why 
are the lymphocytes of cancer patients so “sensitized”? Are 
histones, or more specifically, histones F2A1 and F2A2, 
being released from tumours but not from normal cells 
and in this way inducing an autoimmune reaction? Is the 
séquence homology of histone F2A1 with the tumour anti- 
gen simply closer than with the encephalitogenic factor? 

‘Further experiments are being carried out using prota- 
mine, polylysine, polyarginine and fragments of histone 

UE2A1 but these initial results are given because of their 
apparent relevance to the MEM cancer test. 
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there can be no doubt that they are quite different proteins, 





*"challenge with 3% to 4% halothane’. 
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Accelerated Substrate Cycling of - 
Fructose-6-phosphate in the Muscle 
of Malignant Hyperthermic Pigs 


THE syndrome of malignant hyperthermia can be induced. in. 2 
susceptible humans! and pigs by a variety of agents, such as. 
halothane? and succinyl choline?. In swine, the syndrome is 
well documented*~° and its onset is characterized by a sharp 
rise in body temperature which is often associated with muscle 
rigor. One of the most interesting biochemical responses in 
hyperthermia is the progressive loss of muscle ATP? ánd/or 
creatine phosphate* and the concomitant accumulation of P; 
in the blood*. 
Recent studies? show that in bumble-bee flight muscle, the 
cycling of fructose-6-phosphate through reactions catalvsed by 
phosphofructokinase and fructose diphosphatase (Fig. 1) is a 
possible means by which the insect generates heat to maintain 
thoracic muscle temperature at that required for fight: Uncon- 
trolled cycling of fructose-6-phosphate could possibly.give rise 
to the observed. heat production and changes in ATP and P, 
during hyperthermia. On this basis, we have investigated the 
rates of substrate cycling in halothane sensitive and non- > 
sensitive pigs. A relationship is demonstrated between heat 
production. induced by halothane and an accelerated rate of 
substrate cycling of fructose-6-phosphate in hind limb muscle 
of malignant hyperthermic pigs. Analysis of fresh muscle 
tissue indicates a seven-fold excess of fructose diphosphatase 
by comparison with the estimated rate of substrate cycling, 


Fructose- 
6-phosphate 
P, ATP 
Fructose diphosphatase) Phosphofructokinase 
H,0 ADP 
Fructose- 


1,6-diphosphate 
Net reaction: ATP+H,0->ADP+P, 


Fig. 1 Substrate cycling of fructose-6-phosphate with hydro- 
lysis of ATP. 


Pigs of either Hampshire (H), Poland China (P) or Polánd 
China-Hampshire (HX) cross-strain were initially identified ag... 
,hyperthermic or nonhyperthermic by their response to a short 


for 16 h before surgery.. Anaesthesia was induced with intra- 


* peritoneal thiamylal sodium, and the trachea was intubated 


using a Davol clear plastic tube that was attached to a Foregger 
anaesthetic machine. Anaesthesia was mafntained using a 
mixture of N,O, 4 1 min-!, and O,, 21 min-*. Respiratory 





Animals were fasted ——. 









v/v) in oxygen: 


temperature before halothane administration. This may 
reflect their greater susceptibility to the stress of manipulation 
and premedication. The hyperthermic pigs responded with 
an increase in venous blood temperature flowing from the 
hind limb and clearly demonstrates that the muscle is a source 
` of heat production. The difference between halothane sensitive 
and non-sensitive animals is most evident from plots of the 
< V-A temperature difference (Fig. 25) which is positive for the 
hyperthermic pigs and negative for the control pigs. 

In the hyperthermic pigs, halothane caused a slight transient 
-increase in ATP concentration which was followed by a marked 
decrease (Fig. 2c). The average rate of decrease in ATP 
concentration was approximately 0.1 umol per g fresh weight 
per min. A compensatory increase in the concentrations of 
ADP or AMP did not occur, showing that there was à decrease 
dn total adenine nucleotide concentrations. In agreement with 

; previous observations the loss of ATP coincided with increased 
' blood levels of P, (ref. 5) and muscle levels of total inosine’, 
< Tn the control pigs, halothane produced only marginal changes 
. in nucleotide concentrations. j 
7 "The results of Table 1 show that a relationship exists between 
the hyperthermic response and the rate of substrate cycling 
of fructose-6-phosphate. The method for determining the rate 
of substrate cycling of fructose-6-phosphate!^!* involves 
measuring the decrease in the ?H/!^C ratio of cellular 5-9H,U- 
14C.hexose-6-phosphate. The excess of aldolase and triose 
phosphate isomerase in muscle will result in a rapid loss of 
tritium from 5-?H,U-!*C-fructose-1,6-diphosphate by equili- 
bration through glyceraldehyde-3-phosphate and dihydroxy- 
acetone phosphate; therefore, operation of the cycle shown in 
Fig. 1 gives rise to an observed decrease in ?H/'^C ratio of 
hexose-6-phosphate. There was a six to eight-fold increase 
in the rate of substrate cycling in sensitive animals following 
exposure to halothane and this increase was approximately 
proportional to the final rectal temperature (Table 1). In 
contrast, when non-sensitive animals were exposed to halo- 
“thane, the rate of substrate cycling was minimal and unchanged. 
Thus, thirty to eighty-fold differences in the rates of substrate 
“““eycling were evident between sensitive and non-sensitive 
"animals exposed to halothane. 

In the susceptible pigs halothane increased the rate of muscle 
glycolysis 1.2 to two-fold. Following halothane, the glycolytic 
rate of the sensitive pigs’ muscle was two to ten-fold greater 
than that of the non-susceptible animals in agreement with a 
halothane induced stimulation of glycolysis'? in the muscle 
tissue of sensitive animals’. 

Whereas there are marked differences in the calculated rates 
of substrate cycling in muscles of sensitive and non-sensitive 
animals that have been exposed to halothane (Table 1), inherent 
assumptions in the method used for the estimation of both 
. glycolysis and substrate cycling'®:'! have necessitated applica- 
“tion of the isotope at a time corresponding to a new metabolic 
steady-state. As shown in Fig. 2a and b, isotope infusion was 
"begun. when V-A temperature differences were maximal and 
constant. It is therefore likely that metabolic events that result 
¿inthe accumulation of lactate and that are detectable very 
early. after exposure. to halothane!? have already occurred * 
before the measurements of cycling and glycolysis have been 
made. Thus, the results of Table 1 for the hyperthermic pig. 
may be underestimates of the actual rates of carbon flux. 

For substrate cycling to occur, iť is essential that excess , 
catalytic activities of phosphofructokinase and fructose diphos- 
phatase are present." Muscle is à rich source of phosphofructo- 
kinase; however, early measurements of fructose diphosphatase 
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Fig.2 Effect of halothane (2%) anaesthesia on blood and organ 
temperature, heat production by muscle and the muscle con- 
centration of adenine nucleotides. a, Temperatures of halo- 
thane-sensitive pig HX-86-1:. @, muscle (gracilis and adduc- 
tor): A, rectum; ©, venous blood; A, arterial blood. Organ 
temperatures of halothane:non-sensitive pig H-14-9: V7, muscle; 
W, rectum. Onset of muscle rigor: I, hind limb; II, fore limb. 
b, Difference between venous and arterial blood temperatures of 
muscle from halothane-sensitive pig HX-86-1 (C1), and halo- 
thane non-sensitive pig H-14-9 (B). c, Halothane-sensitive and 
halothane non-sensitive pigs are represented by solid and 
broken lines, respectively. x, ATP; ©, ADP; 4$, AMP. 
Concentrations were determined on perchlorate extracts from 
freeze-clamped samples and are expressed as means from three 
animals in each group. 


in this tissue suggested that it was present in only trace 
amounts!*. The demonstration of appreciable activity! and 
the recent isolation of muscle fructose diphosphatase!* in a 















homogeneous form shows that this conclusion was premature. 

Assays of enzyme activities at 37° C in homogenates of muscle 
. from hyperthermic pigs show that phosphofructokinase was 
|: present at 30.34 12.2 U g-* fresh weight and fructose diphos- 
. phatase at 3.1+0.4 U g-! fresh weight. These activities are in 
excess of the observed rates of substrate cycling shown in 
Table 1. The catalytic activities of aldolase and triosephos- 
phate isomerase were 42.4+ 13.2 U g-! and 780+210 U gi, 
respectively, which is considered sufficient to catalyse a rapid 
loss of ?H from 5-3H,U-'*C-fructose-1,6-diphosphate!®, 
Further, analysis of the activities of muscle phosphofructo- 
; kinase, fructose diphosphatase, aldolase and triosephosphate 
.isomerase showed that there were no significant differences 
. between animals sensitive and non-sensitive to halothane. No 
large differences in the kinetic properties of fructose diphos- 
phatase from these two sources could be detected. 





Table 1 Effect of Halothane Anaesthesia on the Rates of Glycolysis 
and Substrate Cycling of Fructose-6-phosphate in Pig Muscle in vivo 


Final oisi ag (umol/ 
rectal — min/g fresh weight) 
temper- Cycling of 
ature — Glyco- fructose-6- 
(oC) lysis* phosphate t 
Halothane sensitive: 

Pig No. P-85-3, before halothane — 39.3 0.10 0.05 

Pig No. HX-86-4, after halothane — 45.5 0.12 0.4 

Pig No. HX-86-5, after halothanet 41.8 0.20 0.3 

Pig No. HX-86-1, after halothane} 43.5 0.20 0.4 

Halothane non-sensitive: 
Pig No, H-14-9, after halothane 36.7 0.06 0.01 
Pig No. H-14-1, after halothane 36.8 0.02 0.005 


tiim eiiis trim titt 


Estimations of the rate of substrate cycling and the rates of glyco- 
lysis were made from measurements of the equilibrium ?H/!*C ratio 
in 5-2 H,U-'*C-hexose-6-phosphate ( R*) and the rate of phosphory- 
lation of fructose-6-P (F). The rates of glycolysis (G) and substrate 
cycling (S) are calculated from the equations?®-+! 

Sz F(i— R*]R?) 

GzF-S 
where R° is the ?H/!^C ratio in 5-*H,U-!*C-glucose as the applied 
labelled substrate, 5-3H,U-!*C-Glucose (0.5 mCi 5-?H-glucose 
and 5 pCi U-'*C-glucose in 0.52 pmol) was infused into the femoral 
artery at 0.052 pmol min~* for 10 min from an indwelling catheter. 
For halothane-sensitive animals, the infusion of isotope was begun 
following the initial signs of muscle temperature increase (see Fig. 2a, 
forexample). Muscle biopsies were removed at 3, 6, 9, 12 and 15 min 
and frozen in clamps that were precooled in liquid Nz. Frozen 
muscle (10-15 g) was homogenized in 3 volumes of 6% (w/v) HCIO,. 
The homogenate was centrifuged at 8,500» for 15 min and the 
supernatant fluid was adjusted to pH 6.5 with 20% (w/v). KOH. 
Following the removal of the KCIO, precipitate, the solution was 
applied to a column (10 cm x0.5 cm) of ‘Dowex’ AG 1X8 borate 
resin (200-400 mesh). The neutral eluate was counted to determine 
tritium release to cell water (T) from which F is calculated? 

T 


^ 14C-specific activity hexose-6-P x 3H/!^C ratio of hexose-6-P x 
time 
The column was then eluted with 0.2 M ammonium tetraborate 
(20 ml) followed by 0.35 M ammonium tetraborate (20 ml). The 
later fraction containing chiefly glucose-6-phosphate and fructose-6- 
phosphate was treated to remove ammonium tetraborate?. The 
-hexose-6-phosphates were purified by enzymatic conversion to 
fructose-1,6-diphosphate or by oxidation to potassium-6-phospho- 
gluconate with iodine'". . 
* Estimated error is +18% of the value shown. 
t Animals which developed muscle rigor. 








It is proposed from the present data that substrate cycling 
is an aberrant reaction in muscle from hyperthermic pigs and 
that this could contribute to the observed depletion of ATP 
and heat production during the hyperthermic syndrome. 
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Infection and Transformation of 
Bovine Lymphoid Cells in vitro by 
Infective Particles of Theileria parva 


TECHNIQUES recently developed in this laboratory can be used 
*to infect cattle reproducibly with East Coast fever with infective 


particles of Theileria parva collected from the tick vector, - : 


eRhipicephalus appendiculatus. Infective particles can be 
collected either as in vitro tick feed material by inducing. pre- 
efed, infected ticks to salvate into capillary tubes containing 
foetal calf serum’, or as ground tick supernatant obtained by 
grinding the ticks in Eagle’s minimum essential medium with 
Earle's salts (MEM) supplemented with bovine plasma albumin 





102 


(Fraction V from bovine plasma) (BPA) and collecting the 
supernatant’. 

When such infective material is inoculated subcutaneously 
into cattle the parasites may be detected as early as the Sth 
day after inoculation, when theilerial macroschizonts para- 
sitizing lymphoid cells can be seen in Giemsa-stained biopsy 
smears from the local drainage lymph node. Infected lymphoid 
cells can be isolated and grown iz vitro? but infection of normal 
bovine lymphoid cell cultures has not so far been reported. 
We describe successful infection of such cell cultures using 
both i vitro tick feed material and ground tick supernatant. 





Fig. 1 


Unstained mesenteric lymph node culture 26 d after 
inoculation with T. parva infective particles derived from 
Rhipicephalus appendiculatus. A small clump of refractile round 
cells associated with the fibroblastic monolayer is shown ( x 300). 


Heparinized blood, spleens and mesenteric lymph nodes 
were obtained from three male calves less than | week old. 
Leukocytes were separated from peripheral blood as described 
by Aalund eż al.*, and cells were teased from spleens and 
mesenteric lymph nodes. They were established as monolayers 
in small plastic “T” flasks using 6 ml MEM supplemented 
with 0.100 g I-' L-B-asparagine and 20% foetal calf serum. 
Penicillin 100 U ml-t, streptomycin 100 ug ml~! and kanamy- 
cin sulphate 100 jig ml-' were added to the MEM which was 
further supplemented immediately before use with L-glutamine 
0.29 g 1-' (1 ml of a 200 mM stock solution per 100 ml of 
medium). 

After maintenance for 2, 9 and 23 d, the supernatant was 
discarded and the cultures were inoculated with either in vitro 
tick feed or ground tick supernatant, each culture receiving 
material derived from the equivalent of fifteen ticks of the 
same infected batch. Control cultures received no inoculum. 
After inoculation all the cultures were overlaid with 6 ml of 
fresh growth medium containing nystatin 25 U ml-!, and 
incubated at 37^ C. 

The medium in all cultures was changed once a week: the 
contents of each culture flask were placed in an individual 
centrifuge tube and the cells were sedimented by centrifugation 
at 180g for 5 min before being replaced in the culture flask 
with fresh medium. Once weekly, on a separate occasion, 2 ml* 
(1/3 of the total volume of the medium) was removed from 
each flask and replaced by 2 ml of fresh growth medium»e 
The sample taken was centrifuged at 180g for 5 min. Smears 
were made from the centrifuged tell pellet, stained with, 
Giemsa and examined for macroschizont-infected lymphoid 
cells. š 

Infected lymphoid cells were observed 26 d after inoculation 
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Fig. 2 A clump of transformed lymphoblastoid cells infected 
with 7. parva macroschizonts, growing in suspension, originating 
from a mesenteric lymph node culture infected in vitro ( x 300). 


in the 9 and 23-d mesenteric lymph node cultures receiving 
tick material. Cell lines have been established from these 
transformed cultures. No infection was detected in the 2-d 
mesenteric lymph node cultures nor in any of the other cultures. 
In the cultures in which infected lymphoid cells were detected, 
small clumps of refractile cells were seen in suspension or 
associated with the lymph node monolayer of the relevant 
culture. This phenomenon is typical of early transformation 
and has previously been described in transforming lymphoid 
cultures isolated from T. parva-infected steers?'5. 
The apparently non-infected cultures, together with the 
control cultures, were maintained for 12 weeks after inoculation. 
On d 48 post-inoculation schizonts were detected in one 
leukocyte culture from the 23-d culture series, but this trans- 
formation could not be maintained. All other cultures remained 
negative. 
Our ability to study the bovine-dependent side of the life 
cycle of T. parva, in vitro, has thus been extended and experi- 
ments are continuing with mesenteric lymph node cultures to 
investigate the precise mode of infection. Furthermore, a 
potential methed for the in vitro titration of infective material 
harvested from ticks is now available. 
This work formed part of the Immunological Research on 
Tick-borne Cattle Diseases and Tick Control Project supported 
by the United Nations Development Programme, with the 
Food and Agriculture Organization as the Executing Agency, 
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project is also supported by the Overseas Development 
Administration of the United Kingdom, the United States 
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Effect of Blood Flow Velocity on 
Growth Rate of Platelet Thrombi 


Acute thrombogenesis in a flowing bloodstream can occur on 
damaged tíssues in the normal circulation, especially on 
exposure to collagen, and over surfaces of vascular prostheses 
and artificial internal organs! ?. The thrombi are composed 
predominantly of platelets. Begent and Born* have obtained 
:quantitative data on growth rates of such thrombi produced 
in vivo. 
"Aggregation of platelets at a mural site involves biochemical 
and physical processes, and the growth rates are affected by 
the neighbouring blood flow field. Here I show that Begent 
and. Born's results are consistent with a physical model of the 
aggregation process that incorporates salient features of 
‘platelet behaviour, and discuss some of the consequences. 
Such thrombogenesis can be considered in two phases: an 
initial adhesion of platelets to a surface, and aggregation of 
platelets on other platelets. It is not yet clear how specific 
sites for adhesion arise on non-biological surfaces, but surface 
charge distribution and asperities seem significant; the adhesion 
may be initially independent of the surface?, following the 
"adhesion of a protein layer. At a later stage it may be some- 
what dependent on the material, but this would seem to affect 
the number of sites (per unit surface area) on which the thrombi 
of the type discussed here grow; there is no evidence available 
that it definitely affects the growth rates of such individual 
thrombi. Platelets that aggregate on other platelets release 
activating agents; the dominant component is probably 
ADP (ref. 6). The time-course of this release following 
aggregation is not known; however, it is known that release 
begins.a few seconds after aggregation. The activating agents 
diffuse into the bloodstream from a mound of aggregated 
platelets; the Schmidt number for diffusion of ADP and 
similar molécules in blood is ~10*, so even with small 
Reynolds number flows in arterioles and venules there will be a 
distinct concentration layer of activator surrounding the 
.mound. The shape and size of this layer depend upon the 
velocity field^?. Bloodstream platelets follow paths which 
carry some of them into the activator concentration layer, 
which extends several microns into the flow. Stream platelets 
are activated rapidly by ADP and other activators?; the 
velocity of platelet response (the characteristic response time) 
is affected by temperature markedly and by ADP concen- 
tration, up to a certain concentration?. The initial activation 
by ADP is reversible, and reversal may also be quite fast. At 
least some of the activated platelets will be aggregated if they 
are close enough to the aggregate surface. This leads to fresh 
carpeting of the aggregate with platelets; a fresh layer may be 
completed in a few seconds. With further release of activating 
agents, an autocatalytic situation arises: the aggregation 
process has feedback. 
In this sequence of events there are some features where 
quantitative information is not available, so that a precise 
theoretical prediction of thrombus growth is not yet possible. 
But it is possible to describe a simplified model that predicts 
observed behaviour. 
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:Smoluchovski originated the theory of gradient coagulation, ' 
as described by Levich!?. A comparison of the frequency. of 
encounter by velocity gradient (taking values of the latter 
corresponding to Begent and Born's experiments) to that. by 
Brownian motion gives a ratio of more than 10°, showing that 
a linear trajectory assumption is acceptable for the. present 
problem. Possible scattering by erythrocytes is not likely to be 
significant over the short range of flow path for which the 
Smoluchovski theory is applied. I consider a platelet aggregate 
growing on a wall to have a semicircular cross-section normal 
to the wall, with maximum radius R, (at any instant in time) and 
y coordinate normal and x coordinate parallel to blood flow. 
The longitudinal section of the aggregate in the x direction is 
smooth and roughly semi-elliptic (the precise shape is not 
important). Stream-borne platelets approaching the activator 
concentration layer are assumed to have straight line trajec- 
tories parallel to x, and to be present in the stream with a 
uniform number density ng. The velocity v in the x direction 
varies linearly with y (i.e., y= Ly), a good approximation near a 
wall under shear flow. All platelets (radius R) that have 
trajectories which pass into or graze the semicircle of radius. Ri 
are assumed to encounter the activator concentration layer and 
to become activated after a delay time r4. Platelets then 
aggregate on the thrombus if they are still in its immediate 
vicinity; otherwise they escape. Platelets have transit times 
ijv, where / is a characteristic length of the aggregate in the 
x direction. This length depends on the shape of the aggregate, 
but if the shape remains steady in time with growth of the 
aggregate /- A(R,-- R;). Thus platelets will be aggregated if 
MR, + R5)v t4 but will escape if A(R,-- Ri)/r« t4, with the 
latter effect appearing first, at a high shear rate, on the top of an 
aggregate where v is largest. The general expression for the 
aggregation frequency (number aggregated per second) is 


N=2Jnov(R,+ R3) cosüdy 
6, 
== Mol (R, + R3)? fcos?0sin0dO 
6, 


where y=(R,+ R3) sin and r=Ty. 
The upper limit 0, is 1/2 when MR, + R3)/v ta, that is, when 
[Uta — 1/Dt» 1, but is sin! (F0! when H/Pc«1.. If 0:0, 


N= sol (Rs + RF 


F((t)=1 when E'1«1 
z(-[I?c — 192/50] when Fc» 1 


For a platelet aggregate growing wish a steady shape the total 
number of platelets aggregated Z~P(Ri)> and d£/dt= N; 
because N is proportional to (R, + R2)? œ% R,? (once thrombus 
growth is under way) the growth rate is exponential in time*, 


and the growth rate constant is E F(t). T is proportional 


to flow rate and a graph of [rF (It) against It demonstrates. 
the effect of flow rate (Fig. 1). The similarity of this figure to 
Fig. 7 of Begent and Born*, giving the experimentally determ- 


ined growth rate constants, suggests that the limitation in 5 


growth rate at higher velocities occurs through delay of 
platelet activation beyond the aggregate transit time rather 
than through shear stresses preventing adhesion. The down- 
sweeping part of the curve at larger Tr (Fig. 1) is changed if the 
thrombus cross-section is considered semi-elliptic with the 
fnajor axis on the wall surface, instead of semicircular, but the 
effect is too small to be detectable with the present experi- 
mental data. The activation delay time seems to be in the 
range 0.1 to 0.2 s. 

e An additional comparison can be made for data where 
Tr<1, using the experimental value of 7, assessing T' as 8v/d f 
(where v is the mean blood velocity and d is the venule dia- 
meter) and so on; although the shape factor p is not really 
























observation. can "be obtaines using a plausible estimate. 
-To account for the lack of platelets with centres closer than 
AR; to the wall y=0, the lower limit of integration. should be 
changed to 63=sin-! (y+ 1)^!, where y= R,/R;. With large y 
"(large aggregates), 05 is close to zero. With small y and large 
5T, 9; may be larger than 6;, and no growth would be possible. 
. Ae“skimming layer" essentially free of platelets may exist near 
c the wall with large T, but a simple estimate for it as a function 
Of T is not possible at present!'. Although the model des- 
':eribed here does allow that the thrombus growth rate is zero at 
‘high enough F (ref. 4), it is not yet possible to prescribe the 
"conditions where this occurs. 


Dimensionless growth rate constant 





0 i 2 3 4 


Dimensionless shear-rate—activation—delay-time factor 


Fig. 1. Growth rate constant of platelet thrombi as a function of 
_ Yt, where T is the velocity gradient of blood flow by a wall and t 

is proportional to the activation delay time of unaggregated 
: platelets, 


My. analysis gives an estimate of platelet thrombus growth 
-Tate based upon a hypothesis concerning the role of platelet 
activation delay time. It treats growth grossly and does not 
seek to predict the platelet aggregation pattern over the 
aggregate surface. The hypothesis can be tested by performing 
further experiments with iontophoresis of activators into 
venules with measured changes in temperature, or with a 
variety. of species, coupled with separate determination of 
» activation delay. times, for example. The delay time r, is 
probably distributed about its mean. 
cA growing thrombus is not the only possible source of 
activators. - ‘If blood undergoes suitable traumatic experiences, 
“the erythrocytes can serve as sources of ADP even though 
< damage may not be sufficiently severe to cause haemolysis. 
Activation of platelets from stream sources eliminates the wait 
i: for activation during transit of an aggregate and fa has effec- 
: tively become zero, at least until a reversal of activation 
occurs. Thrombus growth could be particularly vigorous. 
< There is often acute (and ultimately occlusive) white thrombug 
. growth in regions just downstream of manifolds or other 
places where the blood is fluid-dynamically agitated!?, 
-Monsler, Morton and Weiss'? have summarized work pet? 
formed on. thrombus formation a( a stagnation region on 
non-biological surfaces. The physical extent of their thrombi if 
much greater (more than 10?» jim) than those analysed here, but 
fheir thrombi tre speckled with clumps that may grow indi- 
vidually in a similar way: 
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Formation of Nitrosamines in a 
Meat Curing Mixture 


TRACE amounts of certain N-nitrosamines, well known carcino- 
gens, in foods, especially nitrite-treated meat and fish products, 
have caused a great deal of concern!-*. These compounds are 
usually formed from the interactions of nitrite and secondary -~ 
or tertiary amines'***. Recent studies, however, have shown that | 
certain naturally occurring quaternary ammonium compounds 
can also react with nitrite to form nitrosamines*. Of the known 
nitrosamines dimethylnitrosamine (DMN) and nitrosopyrroli- 
dine (NPy) are the two compounds which have been most 
frequently found to be present in cured meat. products? *: "^5, 
NPy is formed during frying of bacon but its presence in other 
cured meat products has not been reported. 


Table 1 NPy and NPi in Mettwurst Sausages 


Manufacturer NPy NPi 
(p.p.m.) (p.p.m.) 
A 0.018 0.06* 
0.014 0.05* 
0.105* — 
0.02 0.05* 
B 0.013 Tracet 
C 0.024 Nt 
D, E, F N N 





* Confirmed by ee ag spectrometry?. 

t Less than 0.02 p. 

1 N, None detected | detection limit, 0.002 p.p.m. for NPy and 0.01 
p.p.m. for NPi). 


During a recent monitoring survey of meats we observed 
the consistent occurrence of fairly high levels of NPy in Mett- 
wurst sausages made by certain firms. in. Canada (Table 1). 
Similar products from a few other manufacturers were negative. , 
This finding seemed unusual as it was the first reported instance ) 
of NPy in sausage. i 

To study the origin of NPy in these products, the ingredients 
of this sausage were obtained from the firm “A” (Table 1). 
Sausages were prepared with and without nitrite, and also with 
and without the curing mixture. Only the sausages prepared 











z Table 2 NPyandNPiin the Meat Curing Agent from Manufacturer "A'* 





Approximate 
age of the mixture NPy NPi 
No. (months) p.p.m. p.p.m. 
1 3.5 S*t 7*t 
2 8 6* 25* 
3 6.5 2.5*t 25*t 


* Confirmed by GLC-mass spectrometry?, 
t Confirmed by combined GLC-high resolution (1 in 10,000 with 
1075 valley definition) mass spectrometry. 


^.With the curing mixture contained NPy, whereas all other 
samples. were negative. Subsequently, it was found that the 
‘curing mixture was heavily contaminated with both NPy and 
another nitrosamine, nitrosopiperidine (NPi) Two other 
. samples of this curing mixture gave similar results (Table 2). 

This particular curing mixture was a dry powder mainly 
consisting of spices (black pepper, paprika, and two other 
spices), salt, sodium nitrate and sodium nitrite (0.9692). It 
seemed obvious that some amine components of the spices 
reacted with nitrite and formed the nitrosamines. Preliminary 
results indicated that the reaction between spices and nitrite 
under dry conditions is very slow, and therefore experiments 
were conducted with aqueous suspensions to determine which 
of the spices was responsible for the formation of nitrosamines. 
-Results (Table 3) show that both black pepper (Piper nigram) 
“and paprika (Capsicum annuum) can react with nitrite to form 
both NPy and NPi. The other two spices (name withheld to 
protect the formula) gave negative results. It may be of interest 
that black pepper predominantly forms NPi, whereas paprika 
forms mainly NPy. No nitrosamines were formed when the 
reaction mixtures were analysed immediately after mixing. 

It seems that piperidine, pyrrolidine or their precursors in 
these spices can react with nitrite to form NPy and NPi. 
Piperidine occurs in black pepper in the form of piperine and 
Chavicine*. No report of the occurrence of pyrrolidine in these 
spices or of piperidine in paprika has been published. Additional 
work is needed to determine the exact nature of the precursors 
of these amines. 

. The sausages were extracted and analysed by a thin-layer 
chromatographic (TLC) method similar to that described 
previously"!*. In a few cases, results were confirmed by com- 
bined. gas-liquid chromatographic (GLC)-mass spectrometric 
analysis. The nitrosamines from the curing mixture were isolated 
by vacuum distillation of 2 g of the sample fróm 50 ml 3 N 
potassium hydroxide solution. The distillate was made alkaline, 
extracted with methylene chloride, the extract washed with 
1 N hydrochloric acid, concentrated and analysed as mentioned 





Table 3 Formation of NPy and NPi from the Interactions of Spices 











and Nitrite 
Page Sodium ^ Nitrosamines 
Spice and its nitrite Incubation formed (ug) 
concentration* p.p.m. pH period(d) NPy  NPi 
Black pepper, 4% 2,400 4.5 5 3t 10t 
i '49? 2,400 6.5 5 05 1 
15 200 4 7 0.4 3t 
1% 200 6.5 7 N N 
1% 20 2 0.083 N N 
Paprika 4% 2,400 4.5 5 3 1 
1% 200 4 7 0.4 N§ 
15 200 5 7 0.3 N 
1% 20 2 0.083 N N 





. * The total volume of the reaction mixture was either 50 or 100 ml, 

"and in some cases (pH « 4.5) it contained 5-10 ml of 0.05 M potassium 

Seca -hydrochloric acid buffer (pH 1.4). Incubation temperature, 
5-379 C. 

ct Confirmed by GLC-mass spectrometry?, 

"cot Normal pH of the suspension. 

< $N- None detected (detection limit, 0.1 ug for NPy and 1 ug for 


A* 








above. The identity of both NPy and NPi in this curing mix 
was confirmed. by combined GLC-high resolution mass 
spectrometry. The mass spectra of the isolated. nitrosamines 
were also identical to that of the.authentic standards. ^ 
Both NPy and NPi are carcinogenic to laboratory animals", 
Although no direct evidence of their carcinogenic effect in man 
is available, it will be highly desirable to maintain the concentra- 
tion of these chemicals in food at the lowest possible level. 
Our results suggest that the practice of premixing certain spices © 
with nitrite in meat curing agents can be hazardous due to the. : 
formation of nitrosamines. It is also possible that these spices 
may react with nitrite in the finished meat products during - 
prolonged storage, processing under heat (for example, can- 
ning), or cooking. A full investigation of the problem is urgently 
needed. 
Note added in proof. We have also detected the presence 

of N-nitrosodimethylamine in this curing agent (samples 1 5 
and 2, Table 2); the level is about 0.85 p.p.m. Preliminary. 
results suggest that it is being formed from the interaction of - 
paprika and nitrite. 
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Is Deltatheridium a Marsupial? 


Tue family Deltatheridiidae was proposed by Gregory and 
Simpson! to include two late Cretaceous mammals from the 
Djadokhta Formation of Mongolia (?Coniacian or” 
Santonian’): Deltatheridium pretrituberculare, known. from 
two partial skulls and associated lower jaws, and Delta-: 
theroides cretacicus, known only by the facial part of a skull: 
with upper dentition. They were believed to occupy a very 
central phylogenetic position among the eutherian mammals. 
Van Valen? included them in the Palaeoryctidae, order 
Deltatheridia, but one of us (P. M. B.) has for some time 
doubted the correctness of these opinions. 

The Polish-Mongolian Palaeontological Expeditions?^? have 
obtained additional and better preserved material of both. 
species, of which a full description is being prepared by 
**. K.-J. This material has been collected not only from the. 
Djadokhta Formation but also from the somewhat later 


*?Middle Campanian® Barun Goyot Formation, and we can =< 


now reconsider earlier opinions, 
Gregory and Simpson! stated that in Deltatheridium para- 
cone and metacone are united or very close together; but in^ 








Fig. 1 Deltatheridium pretrituberculare Gregory and Simpson, 

left maxilla with C, P'-?, M'-? and left mandible with P5,5, 

M;.4, found in association and separated. Specimen found in 

the Barun Goyot Formation, locality of Khermeen Tsav Il, 

Mongolia, housed in the Palaeozoological Institute, Polish 
Academy of Sciences, in Warsaw. 


fact the metacone is set well apart from the paracone on the 
first two molariform teeth and still distinct on the last molar. 
The last two upper molariform teeth resemble those of 
Pappotherium pattersoni figured by Slaughter". 

Lower dentitions show the presence of four molariform 
teeth. The last of these is a small tooth which has previously 
been regarded as part of the elongated talonid of M,, as 
McKenna et al.* have pointed out. On all the molariform 
teeth the metaconid is less elevated than the paraconid; it 
is absent in the last molar of Deltatheridium. This tooth 
also lacks a talonid, and functioned only by shearing against 
the metacrista of the last upper molar. In a mandible from 
the Djadokhta Formation referred to Deltatheroides the last 
molar is better developed, possessing a metaconid as well 
as a talonid, and it presumably occluded with an additional 
upper molar, lost in Deltatheridium. Deltatheroides is 
known to have four upper molariform teeth’, whereas 
Deltatheridium has only three. 

To preserve a eutherian dental formula, McKenna er al.* 
interpret the first molariform tooth as a premolar, which 
they describe as semimolariform. This tooth is very 
similar to the second molariform tooth, however, differing 
only in proportions as would be expected from their different 
positions in the series. There is no sign of any reduction of 
the metacone of the first molariform tooth in the upper jaw 
or of the talonid in the lower jaw, No Cretaceous or 
even Palaeocene eutherian, to our knowledge, shows such a 
high degree of molarization of P* as this. Moreover, the 
degree of wear on the two teeth is almost identical (Fig. 1), 
whereas P* being preceded by a milk tooth is normally less 
worn than M'. We must conclude therefore that the two 
teeth are not P* and M! but M! and M?. It would follow 
that the molar formula of Deltatheridium is * and that of 
Deltatheroides is 4. 

In both genera there are three premolars in each jaw. 
The last two are two-rooted and not molariform, as in 
Didelphidae ; in other Cretaceous eutherians P* is always 
three-rooted and partly molarized. The first premolar ise 
reduced, one-rooted in the upper jaw, two-rooted but 
obliquely set in the lower jaw. The canines of Deltatheridiurg, 
are large and single rooted. According to Van Valen? there 
were probably four upper incisors. «Thus the dental formula 
of the Deltatheridiidae is Hi $ 43. This agrees better with 
the basic marsypial formula i$ithan with the eutherian 


a 3143 
formula = iiS 
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Are the Deltatheridiidae marsupials? Their upper molar 
patterns, with broad stylar shelf and well developed stylocone, 
resemble some late Cretaceous Didelphidae more than 
Palaeoryctidae. Reduction of the metaconid is paralleled in 
Didelphodon and Tertiary and Recent carnivorous marsu- 
pials, though it also occurs in some creodonts’. Loss of M* 
is very unusual in marsupials, The broad nasals and large 
jugal of Deltatheridium are also found in the eutherian 
Kennalestes. The palate is unperforated. 

It is very likely that the ancestral eutherians had four 
molars like marsupials, and Deltatheridium might be a very 
primitive eutherian still in the process of losing the fourth 
molar. An undescribed primitive palaeoryctid from the 
Barun Goyot Formation has five upper and four lower 
incisors, and the presence of more than three incisors is 
therefore not diagnostic of a marsupial. The loss of a pre- 
molar in Deltatheridiidae might be ascribed to their highly 
carnivorous specialization. 

In view of this uncertainty we prefer to classify the Delta- 
theridiidae like the Pappotheriidae, as Theria of metatherian- 
eutherian grade. 

There is no reason to believe that the Deltatheridiidae are 
related to the Maastrichtian-Eocene Palaeoryctidae*?, As 
they do not belong to Van Valen's order Deltatheridia this 
name is inappropriate. Neither do they resemble the 
Palaeocene Asiatic genera H yracolestes and Sarcodon, placed 
in the family by Szalay and McKenna", 

If they prove to be marsupials, the Deltatheridiidae would 
be the only Cretaceous marsupials so far found outside 
America. One-way migration from Asia to North America 
seems to have occurred in Santonian-Maastrichtian time", 
but migration in the reverse direction at a time before the 
deposition of the Djadokhta Formation cannot be precluded. 
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Reference Abbreviations 


ALL abbreviations of references in Nature should now 
conform to the style of the World List of Scientific 


Periodicals, fourth ed. (Butterworth, 1963-65). 
Authors submitting manuscripts are asked to ensure 
that the references are written appropriately. 
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Nernst in Context 


The World of Walther Nernst The Rise 
and Fall of German Science By K 
Mendelssohn Pp 191--25 photographs 
(Macmillan, London and Basingstoke, 
June 1973) £495 net 


WHEN John Wilkins wrote Mathemati- 
cal Magick 1n 1648 the rise of German 
technology was already foreseen, for in 
his preface Wilkins noted that “Ramus 
hath observed, that the reason why Ger- 
many hath been so eminent for 
Mechanical inventions, 1s because there 
have been publick Lectures of this kind 
instituted amongst them, and those not 
only 1n the learned languages, but also 
in the vulgar tongue, for the capacity of 
every unletter'd ingenious artificer" 
This was echoed in the middle of the 
nineteenth century by Lyon Playfarr, 
warning his countrymen that the Con- 
tinent, particularly Germany, was much 
ahead in education 1n science and tech- 
nology, and urging that we should 
follow the German example of uniting 
teaching and research ın the universities 
This was an argument that Dr Phelps, 
the Master of Sidney Sussex, actually 
used against the foundation of the 
Cavendish Laboratory, appealing to the 
emotions of his countrymen by declaim- 
ing that “A Prussian 1s a Prussian and 
an Englishman an Englishman and God 
forbid ıt should be otherwise” As 
Phelps was speaking, Bismark was con- 
sohdating the formation of the Second 
Reich around the discipline of the 
Prussian army and the intellectual 
romanticism of Frankfurt This was the 
world into which Walther Nernst was 
born of a Prussian family in 1864 

His life, most deftly sketched by his 
grandpupil Kurt Mendelssohn, spanned 
the golden age of German science When 
he died in 1943 that age had been 
shattered by the vilest aberration ever 
to befall a civilized country, the national 
socialism of Adolf Hitler 

Mendelssohn provides exactly what 
one might hope for in an understanding 
biography of one physicist by another, 
and at the same time gives a vivid and 
illuminating picture of Germany, and 
especially of its academic life, before and 
after the First World War The key- 
points of Nernst’s physics are set with 
clarity in their historical context and the 


theme of Nernst’s life 1s interwoven with 
those of his near-contemporaries among 
the great German physicists including 


Boltzmann, Born, Einstein, Hahn, 
Heisenberg, Helmholtz, Hertz, von 
Laue, Paschen, Pauli, Planck, 


Schrodinger, Sommerfeld, Stern, and 
Wien ‘The result is a scintillating 
cavalcade of vital physics and human 
anecdote against a penetratingly 
sketched background of the fortunes and 
misfortunes of the Second and Third 
Reiche À 

Inevitably, the German attıtude to- 
wards the Jews figures largely ın the 
book, ıf only because thıs led to the 
break-up of German science after 1933 
The Jews had been emancipated in 
Prussia ın 1812 and, despite some pre- 
judice, had come to occupy high places 
in the Second Reich, Kaiser Wilhelm 
the Second in fact so much disapproved 
of anti-Semitism that he dismissed its 
‘main protagonist, Adolf Stoecker, from 
his court, and it was natural for Jews 
like Rathenau and Haber to be called in 
to provide vital services in the First 
World War That the Jews as a race 
were outstandingly gifted can hardly be 
denied by any present-day anti-racialist 
for, as Mendelssohn points out, although 
they made up about only one per cent 
of the population of Germany, they won 
one-third of its Nobel Prizes How 
then did such a gifted people come to 
be so terribly ill-treated? And how 
could two Nobel Prize winners, Stark 
and Lenard, reject relativity because 
Einstein was a Jew? 

After World War II, I was the guest 
of a gathering of many German 
generals, Kesselring and Galland in- 
cluded, in Munich An English friend, 
sensing that I might be overwhelmed 
with their hospitality, took me off one 
afternoon to see Dachau Even ten 
years after the crematoria were cold it 
was a sombre experience Afterwards, 
back in the Hofbrau when we were 
pledging eternal friendship, I told the 
generals that I had just been to Dachau, 
and asked them whatethey were going 
to do to stop it ever happening again 
Some of them argued,that they had had 
no knowledge of the concentration 
camps until after the War, and that they 
were deeply shocked to find how much 
they could all have been so misled by 


one man One general, however, did 
attempt to answer my question He said 
that while 1t was true that most of them 
had known nothing about the concentra- 
tion camps, they must admit that the 
camps were there, and he for one could 
not understand how they could possibly 
have come about And, he added, be- 
cause he could not understand the 
process by which they had happened, 
he could not see how the Germans 
could guarantee that they could never 
happen again His answer, at least, was 
honest 

Mendelssohn expresses warm appre- 
ciation for what was done in Britain 
and America to offer refuge to those 
scientists who could get out of Germany 
after 1933 At the same time he recalls 
that there were some such as Hahn, von 
Laue, and Carl Bosch, all men of the 
highest honour, who stayed 1n Germany 
and struggled at some risk to their own 
lives to keep German science free from 
Nazi dogma through the height of the 
purges Mendelssohn includes an ap- 
preciative epilogue about Nernst’s best- 
known pupil, F A Lindemann (Lord 
Cherwell), who incidentally first met 
Henry Tizard when they were both 
research students 1n Nernst's laboratory 

Necessarily, im a short book, 
Mendelssohn has had to paint some of 
the background with a broad brush, 
and the strokes occasionally falter 
There is a photograph of Nernst lectur- 
ig n his’ characteristic fashion 
(Mendelssohn records that Nernst had 
“toyed with the idea of becoming an 
actor himself and he realized this ambi- 
tion to some extent by wearing through- 
out his life the mask of a trusting and 
credulous little man — His favourite ex- 
pression of innocent astonishment could 
be underlined by a twitch of the nose 
which removed the pince-nez”) which the 
caption dates as 1926 , but Nernst has 
written on the blackboard the name 
“Lord Rutherford", who was not en- 
nobled until 1931 

Such trivia, however, do not detract 
from the genuineness of the book, which 
gives an illuminating portrait of Nernst's 
character and of his achievement 1n the 
Third Law of Thermodynamics It is 
a rare kind’ of book, and of its kind it 
1s outstandingly good 

R V Jones 
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Coli and Coliphage 


Experiments in Molecular Genetics By 
Jeffrey H Miller Pp xv+466 (Cold 
Spring Harbor Laboratory Cold 
Spring Harbor, New York, 1972) 


Many of the exciting advances in 
modern biology were dependent on the 
study of genetic variants genetics has 
become a very powerful biochemical 
tool Because of its pre-eminent suit- 
ability for both genetical and bio- 
chemical investigation, Escherichia coli 
undoubtedly remains the organism of 
choice for the elucidation of many 
fundamental ^ biological — principles 
Jeffrey Milers laboratory manual, 
growing out of the famous bacterial 
genetics course at Cold Spring Harbor, 
deals exclusively and comprehensively 
with the molecular genetics of E colt 
and its phages 

The presentation begins at the 
simplest level by introducing basic 
techniques such as dilution methods, 
sterile plating and viable cell counts 
The subject matter gradually increases 
in complexity, finally covering such re- 
cent experiments as the purification and 
properties of repressor proteins and cell- 
free enzyme synthesis Each of the nine 
major sections Js introduced with a well- 
referenced discussion of the back- 
ground theory and general value of a 
particular experimental approach, and 
ends with a series of questions intended 
to promote further thinking The 
accounts of the many individual experi- 
ments are preceded by short discussions 
of the rationale and strategy The very 
detailed experimental protocols include 
lists of chemicals and apparatus re- 
quired for each exercise 

One of the many strengths of the 
book 1s the profusion of advice on such 
matters, for example, as the choice of 
starting strain, the :diosyncrasies of par- 
ticular mutants or the action to take on 
spillage of a noxious chemical 

Jeffrey Miller has succeeded in pro- 
ducing a superb laboratory manual, 
which reveals much of the lore of E 
coli genetics The volume should 
obviously find constant use in bac- 
terial genetics laboratories for many 
years The strain lists obtainable with 
the manual will be particularly useful to 
teachers who do not have access to a 
good strain collection 

W J BRAMMAR 


Cybernetics 


Fundamentals of Cybernetics By A Ya. 
Lerner Translated from Russian by E 


Gros Translation edited by F H 
George Pp x+294 (Chapman and 
Hal London, August 1972) £6 ° 


Tuis book originally appeared in the 
USSR as long *igo as 1967 ıt therefore, 
de facto, cannot—as asserted by the 


editor of this English translation—pro- 
vide “a good insight into the con- 
temporary Russian approach to cyber- 
netics” In fact, the wnole face of 
Soviet cybernetics has changed radically 
since the original publication of this 
book, principally as a result of the efforts 
of the outstanding groups of cyber- 
neticians working at the Institute of 
Control Sciences in Moscow and at 
the Institute of Cybernetics m 
Kiev Even allowing for this fact, how- 
ever, ıt ıs unlikely that this book will be 
very useful for its intended readership 

for, ın writing this book, Professor 
Lerner "wished particularly to assist 
people with inadequate mathematical 
knowledge and without the necessary 
time to study the works of Wiener, 
Shannon, Andronov, Kolmogorov and 
others, but who, in spite of this, wanted 
to study the methods of solving cyber- 
netic problems" It 1s hard to see how 
such people will benefit in this way by 
reading the nineteen very brief chap- 
ters of the book which contain cursory 
discussions of such vast topics as auto- 
matic control, optimal control, auto- 
mata, computers, adaptation, games, 
learning, large systems, operational 
control, the brain, organized systems, 
man and machine, and the future pros- 
pects of cybernetics Indeed, it is 
ironical that the text which still provides 
the best introduction to the funda- 
mentals of cybernetics 1s advertised on 
the jacket of Professor Lerner’s book 

this, of course, ıs An Introduction. to 
Cybernetics by W Ross Ashby which— 
as Stafford Beer has remarked—‘‘is an 
education 1n itself (which) demonstrates 
that you can change your life quietly as 
well as dramatically" BRIAN PORTER 


Organic Atlas . 


Atlas of Spectial Data and Physical 
Constants for Organic Compounds 
Edited by Jeanette G Grasselli Pp 
1,697 (CRC Press Cleveland, Ohio , 
Blackwell Oxford, 1973) £50 


THe Chemical Rubber Company’s 
Handbooks of Chemistry and Physics 
(HBCP), now in their fifty-third edi- 
tion, are familiar and most useful 
pieces of laboratory equipment In 
the past few years sixteen other Hand- 
books, three Manuals, a set of Tables, 
and now this Atlas, have appeared 
under the same imprint 

The volume ıs organized in three 
sections Section A ıs introductory, 
dealing under separate headings with 
the four spectroscopic techniques , 
infrared, ultraviolet, nuclear magnetic 
resonance, and*fnass Much of the 
material, including useful infrared 
correlation chart, 1s reprinted from 
HBCP and will doubtless appear again 
in the forthcoming Handbook of 
Spectioscopy 
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Section B contains the “Master Data 
Table”, preceded by a synonym direc- 
tory, in spite of the title “Atlas” the 
data are all in tabulated numerical 
form About 8,000 compounds are 
listed, the large mayjorty of these 
appeared in HBCP (fifty-second edi- 
tion) and they are tabulated similarly 
here, with the additional spectra data 
and the  Wiswesser hne notation 
(WLN) code All the spectroscopic 
data, with the exception of some of the 
ultraviolet, come from published col- 
lecttons There are infrared data for 
about 5,550 compounds, of which 
almost two-thirds come from the 
Sadtler collections, much of the rest 
from the Coblentz Society (also 
Sadtler), and a few from the DMS, 
API and NBS collections Compounds 
for which ultraviolet data are given 
number about 4,800 Data for about 
half of these appeared without refer- 
ences to source ın HBCP and are 
listed again, log e values having been 
converted, or reconverted, to e values, 
and remain without references As in 
HBCP, the so-called references in the 
first column are to Beilstein or Elsevier 
and are therefore of little use Of the 
remaining ultraviolet data, there are 
literature references for about 450 
compounds, and the rest, about 1,950, 
are from the Sadtler collection The 
NMR data are the least comprehen- 
sive, of less than 2,600 compounds 
Sadtler contribute data for 2,250, the 
rest being Varian, and the absence of 
any assignments diminishes consider- 
ably the value of this materia] Of 
3,050 mass spectra, 870 are Alder- 
maston and the rest are from the Wiley 
collections 

Section C comprises the indexes 
After formula and physical constant 
(mp and bp) indexes, a large sub- 
section 1s devoted to the WLN system, 
including an extensive permuted index 
designed to correlate data from com- 
pounds with common functional 
groups or substructures Then follow 
comprehensive indexes for each of the 
four spectroscopic techniques, based 
upon wavelengths (frequencies, chemi- 
cal shifts, mass numbers) and intensi- 
ties of the most prominent features 
Except for the ultraviolet index these 
also list WLN codes and their per- 
muted abbreviations which are called, 
somewhat grotesquely, “Eyeball” 

The WLN index system works sur- 
prisingly well even for somebody quite 
unfamiliar with it, jt 1s easy to pick 
out, for example, all the phenyl ethers 
or all the a-ketoesters listed, and, 
before referring to the Master Data 
Table, to see at a glance which of these 
have, say, infrared or mass spectra 
The value of the Tables which list 
bands in order of wavelength 1s less 
certain They are too vulnerable to 
the effects of converting rounded-off 
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wavenumbers to rounded-up wave- 
lengths, and also to the idiosyncracies 
of the compiler-curve reader An un- 
expected check of consistency in this 
last respect was obtained from two 
instances in the Master Data Table 
where the same compound had been 
entered twice The result was not 
altogether encouraging, and this brings 
me to the question of accuracy The 
larger the collection of data, the less 
chance there is of a systematic correc- 
tion being made, and each re-tabula- 
tion will retain the old errors and 
almost certainly introduce new ones 
Both occur here, though it 1s difficult 
to say on what scale In a familiar 
group of eight isomeric compounds in 
the Master Data Table, I found five 
numerical errors in the material I was 
able to check Two were carried over 
from HBCP and three were new intro- 
ductions , two of these errors led to 
misplacements in other tables It ıs 
surprising, too, to find the compound 
*Antabue' together with several re- 
lated disulphides, indexed as a distibine 
derivative, especially as the single 
genuine distibine which headed the 
misleading list in HBCP does not 
appear in the Atlas 

If these criticisms seem trivial or 
carping, the accuracy with which the 
data are reproduced is of the first 1m- 
portance 1n a volume such as this The 
choice of sources is another matter 
In most of the large spectroscopic col- 
lections the quality is adequate to 
good, but the physical constants and 
many of the ultraviolet data are taken 
from miscellaneous and sometimes 
obsolete publications in a manner 
which is quite unpredictable, since it 
reflects the piecemeal manner in which 
the HBCP collection has been built up 
over the years As a volume it 1s both 
expensive and unwieldy (5 kg!), but it 1s 
probably a worthwhile acquisition for 
many large research or industrial 
laboratories, the indexing system, its 
real raison d'étre, has many merits and, 
as far as I know, no parallel If the 
data could be properly checked and 
updated the Atlas might almost justify 
the comical mutual adulation of its 
three prefaces E A JOHNSON 


Humus Chemistry 


Humic Substances in the Environment 
By M Schnitzer and S U Khan 
Pp vu+327 (Marcel Dekker New 
York, November 1972) $1950 £930 


Tars book would have been more 
accurately titled “The Chemistry of 
Humic Substances” and one suspects 
that the chosen title was designed to 
court the interest of some environ- 
mentalists other than those schooled in 
chemistry Such will find morsels to 


mterest them in the first and last 
chapters but the strong meat of the 
work lies in the intervening pages, which 
are principally devoted to chemical 
aspects of the extraction, composition, 
and properties of humic substances 
Surprisingly, the first brief introductory 
chapter makes no mention of the vast 
deposits of peat that constitute the main 
bulk of the humus compounds of the 
natural environment in the northern 
hemisphere 

In the following six chapters, how- 
ever, the authors have compiled an 
excellent detailed systematic account of 
the physico-chemical properties and 
composition of humic substances from 
a wealth of information that has 
hitherto been scattered through various 
journals, reviews and diverse publica- 
tions Chapter 2 covers the extraction, 
fractionation and purification of humic 
substances and leads on logically to one 
dealing with chemical and another with 
physical methods for their characteriza- 
tion, followed by a fifth chapter devoted 
to the chemical structure of these cam- 
pounds The researches of Dr Schnitzer 
and his co-workers over the past three 
decades have contributed very signifi- 
cantly to the story, so it 1s natural that 
these are well covered—but not to the 
neglect of other contributors Chapters 
6 and 7 comprise very useful reviews 
of the reactions of humic substances 
with metal ions, hydrous oxides and 
clay minerals, again with the emphasis 
on laboratory studies though implica- 
tions are drawn regarding the contri- 
butions of humus substances to the 
overall properties of natural soils 

The last chapter deals briefly with 
the reactions of humic compounds with 
synthetic organic compounds that are 
increasingly being added to soils for the 
protection of crops from pests, diseases 
and weeds, and with nitrogen. contain- 
ing substances such as fertilizer urea 
Some attention 1s also given to the 
physiological effects of humus com- 
pounds on the growth of higher plants 
The main topics covered in this last 
chapter are dealt with in greater detail 
in other texts of the same series of 
publications on soils and the environ- 
ment 

Those engaged in serious research on 
humic substances will be grateful to the 
authors for providing a valuable source 
book of information and making a 
brave attempt to present a coherent 
story even though it adheres rather 
firmly to an examination of the com- 
position and properties of the tradi- 
tional “fulvic” and “humic” acid frac- 
tions without defining the “purity” of 
these materials adéQquately in some 
cases 

The price is high for a work of this 
kind Those enthusiasts among 
advanced students, lecturers and profes- 
sional researchers who do invest in a 
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copy will not be disappointed others 
will undoubtedly recommend it for their 
libraries J TINSLEY 


Chromosomes in 
Cytology 


General Cytogenetics By J Sybenga 
Pp xu4-359 (North Holland Amster- 
dam and London, 1972) Dfl 70, $22 


CYTOGENETICS originated as a purely 
descriptive science and morphology, 
with a strongly quantitative bias, con- 
tinues to be an important component 
Having become allied with embryology, 
physiology, chemistry and physics, the 
subject has, however, developed into a 
wide-ranging experimental discipline 
impossible to cover at other than an 
introductory level in one relatively slim 
volume The author’s emphasis of 
classical topics gives a somewhat dis- 
torted picture of the current state of 
the field, and in view of the existence 
of several good texts covering basic 
cytogenetics the need for a book of this 
nature 1s questionable 

The book's main contribution fies in 
a comprehensive treatment of recom- 
bination, ranging from monofactorial 
segregation to gene conversion and in- 
corporating data from prokaryotes and 
eukaryotes Extensive coverage is 
given to structural and numerical 
chromosome variation and a chapter 
on genetic chromosome maps economic- 
ally compiles 1nformation from viruses 
to higher organisms These topics, 
occupying some two-thirds of the text, 
are concisely surveyed and successfully 
ulustrate the relationship between cyto- 
logica] observation and genetic thought 
The rest of the book is less satisfactory 
Specialized chromosomes and deviant 
cytogenetic systems are summarily 
described Least successful 1s the chap- 
ter, entitled “Background”, which deals 
largely with current topics related to 
molecular cytology Because of the 
variety and highly condensed form of 
the information, the reader ıs con- 
fronted with an apparently random 
catalogue of facts, more irritating and 
disturbing than informative This ım- 
portant section would have profited 
greatly had one chapter been devoted 
specifically to methods, and the termin- 
ology appended in the form of a gloss- 
ary 

The book 1s intended as an under- 
graduate text Its specialization. and 
variable level of information probably 
render it unsuitable for most courses 
and, more important, no attempt seems 
to have been made to lead the student 
from established fact to a consideration 
of questions which remain unanswered 
While the author's preoccupation with 
terminology and classification makes 
the text somewhat tedi6us, the organ- 
ization into subheadings facilitates 
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access to factual data and the' volume 
should prove a convenient reference 
work A minor criticism relates to the 
numerous grammatical errors, spelling 
mistakes and misprints The book is 
clearly printed on excellent paper and 
is well and fully illustrated 
I HARTMANN-GOLDSTEIN 


Haemophilia 


Haemophilia Edited by F Ala and 
K W E Denson (Proceedings of the 
VII Congress of the World Federation 
of Haemophilia, Tehran, May 1971) 
Pp xviu4-308 (Excerpta Medica 
Amsterdam, 1973) Dfl 72, $2250 


Tsis book shows yet again how the 
elegant (and therefore slow) publica- 
tion of congress proceedings defeats its 
own object The Seventh Congress of 
the World Federation of Haemophilia 
was held in Tehran 1n May 1971, and 
it has therefore taken two years for 
the proceedings to appear During 
this time there has been much activity 
in the haemophila field, particularly 
on the relation between the antigenic, 
coagulant and other functional activi- 
ties of antihaemophilic factor This 
work has proved to be of great import- 
ance n relation to the pathogenesis of 
haemophilia and von Willebrand’s 
disease, and a book with this title there- 
fore now looks very bare with such 
scant reference as it necessarily con- 
tains to this aspect of the disease 

The book is divided into seven sec- 
tions, of which the first, on the regula- 
tion of factor VIII synthesis, 1s probably 
the ‘most valuable The short section 
on genetic variants of coagulation 
factors 1s now inevitably somewhat out 
of date and the heading “pathophysio- 
logy of haemostasis” gives a quite 
erroneous impression of the content of 
the next four assorted papers There 
follows a section on blood transfusion 
and plasma fractionation, which 1n- 
cludes papers on the organization of 
blood transfusion services and on the 
Australia antigen as well as the prepara- 
tion of cryoprecipitate for the treatment 
of haemophila, but omuts considera- 
tion of other methods of fractionation 
of antihaemophilic factor The remain- 
mg three sections are on orthopaedic, 
dental and other aspects of the treat- 
ment of haemophilia 

There is little of value in this volume 
which has not been published elsewhere 
in greater detail, and despite the useful 
series of short reviews which 1t contains 
—notably those by Ingram, Dodds, 
Denson and Blomback—it is difficult 
now to recommend it Had elegance 
of production been sacrificed to speedy 
publication, ıt might have had more 
value for coagulationists who were un- 
able to attend the congress 

R M #Hargpisty 


4 


à 


The N umbers Game 


Data Analysis ın Biochemistiy and 
Biophysics By M E Magar Pp 
xvu+497 (Academic New York and 
London, December 1972) 324 


REPUTATIONS have been made by cast- 
ing the equations describing theoretical 
models into linear form so that inter- 
esting parameters can be readily ex- 
tracted from experimental data Faced 
with more complicated theories, most 
physical biochemists have been reduced 
to trial and error methods and it 1s 
regrettably rare to find adequate atten- 
tion paid to statistical errors 

The purport of this book ıs to 
describe mathematical methods which 
enable parameters to be extracted from 
experimental data (with, maybe, the use 
of computers) using models of any 
complexity and with the maximum 
reliability It 1s not a manual of 
methods with easy-to-use recipes, nor 
1s ıt recommended to experimentalists 
with no head for mathematics—for 
Clarendon type and multiple suffixes 
are liberally sprinkled on its pages 

The book is divided into two parts 
In the first theoretical section the 
mathematical methods are outlined 
No doubt with the mathematically 
naive reader in mind, the sections on 
matrices, analysis and statistics start 
from first principles In these chapters 
a chatty style helps the reader to an 
intuitive. understanding and the more 
difficult proofs are left out  Unfortun- 
ately the galloping pace makes me doubt 
whether this naive reader will ın fact 
be led to numeracy by Dr Magar 
Nevertheless this section. culminates in 
a useful chapter on function minimiza- 
tion, the topics covered, though all to 
be found in books on numerical 
analysis, are not as widely known as 
they might be to physical biochemists 
Thus, beside standard treatments of 
least squares techniques for linear and 
non-linear systems, Chebyshev mını- 
mization and linear programming are 
usefully described 

In the second "applied" part of the 
book, the experimentalist 1s reassured 
that all this mathematics 1s germane to 
his interests In a series of chapters on 
spectroscopic properties of nucleic 
acids and proteins, kinetics, ligand’ 
binding and aggregating systems in the 
ultracentrifuge and elsewhere, the use 
of the mathematical techniques 1s illus- 
trated There are better and more up 
to date reviews on all of these topics 
and little attempt ys made to assess the 
models described or discuss their physi- 
cal basis The physical biochemist may 
find his probléfi solved ın these 
chapters or a solution may be suggested 
to him, but he wifl need a mastery of 
the first half of the book 

I was dismayed by the large number 
of misprints or worse and by the fact 
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that my copy started to fall to pieces 
sooner than I would have expected for 
the price 

E G RICHARDS 


Breaking Ice 


Studies in. Ice Physics and Ice Engin- 
eering Edited by G N Yakovlev 
Translated from Russian Pp v--192, 
(Israel Program for Scientific Transla- 
trons Jerusalem, John Wiley 
Chichester, March 1973) £750 


OBSERVING that this book has an editor, 
but no authors, one might think that 
a series of chapters by specialist authori- 
tes had been welded into a review 
covering most aspects of ice physics and 
ice engineering Not so This 1s 
Volume 300 of the Proceedings of the 
Arcuc and Antarctice Scientific Research 
Institute in. Leningrad, and I think the 
title, or a subtitle, ought to make tbat 
clear Since Volumes 299 and 301 may, 
or may not, be translated by the Israel 
Program it would be helpful to know 
what organizations in the English- 
speaking world are consulted in the 
making of their choice for translation 

The individual research papers which 
make up this volume are not so diverse, 
however, as might be found in many 
a scientific journal without exception 
they refer to sea ice, with occasional 
reference to lake ice and river ice, and 
the slant 1s invariably towards icebreaker 
operations No physicist | should be 
offended therefore 1f I suggest that "Ice 
Physics” in the title 1s misleading 

One paper describes the laboratory 
facilities of the Arctic and Antarctic 
Institute in official-report-style language 
There is, however, some scientific dis- 
cussion of the interesting problem of 
the factors to be maintained in making 
scale-model tests of an icebreaker in a 
laboratory pool 

One is never quite sure about mis- 
prints and mistranslations Were the 
measurements of ice pressures on page 4 
really made in February 1923? Since 
the translator has transliterated the 
abbreviations for units (M T /m? on the 
same page), should he give us his own 
guess as to what they really are? In 
general, the translator uses ponderous 
literal phrases “establishment of ıso- 
thermy”, “homothermal”, “weight-type 
forces”, “ concrete, the water- 
impermeability of which was ensured by 
several layers of hydro-insulation"— 
perhaps these help preserve the Russian 
flavour It was never 1n any real danger 

This book will be of some interest 
and use to sea ice specialists, especially 
those concerned with breaking ıt Be- 
yond that, to meteorology, climatology, 
permafrost, hydrology, or ice physics, I 
doubt if there is any application 

S. Evans 
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Algebra of Certainty 


Sir,—Under the heading “Value of a 
Hypothesis” your correspondent 
(Natwe, 244, 329, 1973) discusses 
Sturrock's attempt to form strong infer- 
ences from a number of, 1n themselves, 
inconclusive observations He says 
"One thing to be learned from Sturrock, 
however, 1s that, even 1f each available 
Item ıs inconclusive in itself, the 
resultant effect of several 1tems may give 
almost completely convincing support 
for one solution " 

This approach to certainty has been 
used by others, notably Cardinal New- 
man, as recorded in the well-known 
verses 


“There was a grave prelate named 

Newman 

Whose soul was sufficient for two 
men, 

He said ‘In sooth, 

Three doubts make a truth,’ 

Which he thereupon proved with 
acumen ” 


Unfortunately, Sturrock is harder to 
rhyme 
Yours faithfully, 
H W DAVENPORT 


The University of Michigan Medical 
School, 

Department of Physiology, 

Medical Science Building, 

Ann Arbor, Michigan 48104 


Hump Back Salmon 


Sm,—In the late 1950s the Russians 
undertook extensive plantings of the 
Pacific hump back salmon (Oncorhyn- 
chus gorbuscha, Walbaum) 1n rivers on 
the Kola Peninsula entering the Barents 
Sea and recaptures were made within 
two years, apart from Russia itself, ın 
Norway, Iceland and the United King- 
dom At that time no recaptures were 
reported from Ireland 

On August 14 a male hump back 
salmon, measuring 60 cm and weighing 
2 kg, was taken by an angler from the 
River Moy in the north-west of Ireland 
This ts the first specimen of a hump back 
salmon to be recorded from Irish waters, 
all previous reports having related to 
deformed members of the Atlantic 
salmon (Salmo salar) 

Yours faithfully, 
A E J WENT 


Department of Agriculture and 
Fisheries, Fisheries. Division, 
3 Cathal Brugha Street, Dublin 1 


A Question of Growth 


Sig, —I am writing this on the off chance 
that ıt might fill some minuscule gap in 
research, or suggest some useful line of 
enquiry 

For the past ten years or so, I have 
spent my summer holidays 1n Interlaken 
(Bernese Oberland), staying two to three 
weeks On every visit, I have found 
that my finger nails and my hair grow 
at less than half the rate they grow in 
London, where I live The growth 
rate slows down almost immediately on 
my arrival, and continues until I return 
to London, when it starts up again at 
the usual rate 

Interlaken 1s at 1,860 feet, and its very 
pure water is taken from the Saxeten 
valley, to the south-west * 

I am about 6 feet tall, and rather fat, 
and am mostly a vegetarian I drink 
sparsely 1n London, and a good deal in 
Switzerland , but otherwise my habits 
seem to have little to do with the 
matter I am now 64 years old 

I have mentioned this peculiarity to 
a number of people but no one can 
explain it, but ıt has always struck me 
as very odd indeed Perhaps your 
readers number someone who has made 
a study of nail and hair growth, and 
who could either enlighten me, or use 
me as a guinea-pig 


Yours faithfully, 
CHARLES H  GiBBsS-SMrTH 


Regdence C, 
Victoria and Albert Museum, 
London SW7 


Announcements 


University News 


Dr D. M. Smith, University of New 
England, has been appointed to the Chair 
of Geography at Queen Mary College. 


Dr B. T. Donovan, Institute of Psychiatry, 
has been given the title of Professor of 
Neuroendocrmology at the University of 
London. . 


Dr D. W. Moore, Imperial College, has 
been given the title of Pfofessor of Applied 
Mathematics at the University of London. 


Dr M. L. Rutter, Institute of Psychiatry, 
has been appointed to the Chair of Child 
Psychiatry at the University of London. 


Appointments 

Dr R. G. Baker, British Steel Corporation, 
has been appointed Superintendent of the 
Division of Materials Applications at the 
National Physical Laboratory 


Miscellaneous 


Dr Leo Goldberg, Kitt Peak Observatory, 
has been elected President of the World 
Astronomical Body. 


Mr K C. G. Heath, Anglo American 
Corporation, has been elected President of 
the Institution of Mmmg and Metallurgy. 


Erratum 


IN the article “Origin of Bright Spots in 
High Resoluton Dark Field Electron 
Microscopy" by G J Brakenhoff (Natu e, 
243, 512, 1973) line 7 of paragraph 2 
should read “The overfocus distance of 
the dark field bright spots 1s 350 +80 nm 
with respect to the geometrical image 
plane", and the last line of paragraph 2 
should read “The scatter angles for 
electrons to contribute to the dark field 
image are in between 0001 and 0012 
radians" Paragraph 6 should read 
“Third, the bright points are found at 
overfocus in relation to the geometrical 
focus Then, a plane ıs imaged that 1s, 
relative to the direction of travel behind 
the object, just where according to the 
present model one would expect the 
interference maxima" 


International Meetings 


October 1-3, International Conference on 
Land for Waste Management (M K 
Ward, Executive Secretary, International 
Conference on Land for Waste Manage- 
ment, National Research Council, Ottawa, 
K1A OR6, Canada) 


October 2-4, Industry and Effluent 
(CDRA, 29 St James's Street, London 
SWIA 1HB) 


October 2-6, Symposium on Remote 
Sensing ın Oceanography (Dr J P 
Latham, Florida Atlantic University, 
Boca Raton, Fl 33432) 


October 3, A Jomt Meeting of the Food 
Group and the Microbiology, Fermenta- 
tion and Enzyme Technology Group (Mr 
D Hicks, Honorary Secretary, Food 
Group, Chief Research Manager (Food 
and Drink), Beecham Products Ltd, 
Beecham House Annexe, Great West 
Road, Brentford, Middlesex) 
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October 3, Conference on the North East’s 
Advantages for the Chemical Industry 
(N T Shepherd, The Institution of 
Chemical Engineers, 16 Belgrave Square, 
London SW1X 8PT) 


October 5, The Autumn Meeting and 
Annual General Meeting of the Bone and 
Tooth Society (The Secretary, Bone and 
Tooth Society, London) 


October 5-6, The First Meeting of the 
Southeastern Cancer Research Association 
(Dr Wayne E Criss, Department of 
Obstetrics and Gynecology, University of 
Florida College of Medicine, Gainesville, 
Florida 32601) 


October 8-12, First International Con- 
ference on Driver Behaviour (Mr T E A 
Benjamin, Secretary General, Inter- 
national Drivers’ Behaviour Research 
Association, Room 9 C27, 10 quai Paul 
Doumer, F-92 Courbevoie, France) - 


October 8-14, The Third World Congress 
of Underwater Activities (Bernard Eaton, 
Chairman, Publicity Committee, Gros- 
venor House, Park Lane, London W1) 


October 8-15, The 24th International 
Astronautical Congress (IAF Secretariat, 
250 Rue Sarnt-Jacques, 75005 Paris, 
France) 


October 9, Risks and Benefits in Medical 
Uses of Ionizing Radiations (Professor 
J H Martn, Department of Medical 
Biophysics, The University, Dundee DD1 
4HN, Scotland) 


October 12-13, The 6th Symposium of the 
Internationai Society for Research m 
Stereoencephalotomy (Professor H Nara- 
bayash,i Neurology Department, Jun- 
tendo University, Bunkyoku, Tokyo) 


October 15-17, Symposium on Energy 
Resources (The Executive Secretary, The 
Royal Society of Canada, 395 Wellington, 
Ottawa, KIA ON4) 


October 15-18, The Second International 
Estuarine Research Conference (Austin B 
Williams, Systematics Laboratory, 
National Marine Fisheries Service, US 
National Museum, 10th and Constitution 
Avenue, NW, Washington DC 20560) 


October 18, À Symposium in honour of 
Sir C. Maurice Yonge, F.R.S., and Dr 
Nellie B. Eales (Honorary Secretary, 
Malacological Society, Dr Joyce Rigby, 
Biology Department, Queen Elizabeth 
College, Campden Hill, London W8) 


October 19, Structure and Function of 
Chloroplats (Dr J Barber, Botany 
Department, Imperial College, London 
SW) 


October 21-25, The 36th ASIS Annual 
Meeting (The Secretary, American Society 
for Information Science, 1140 Connecticut 
Avenue, NW, Suite 804, Washington 
DC 20036) 


October 22-26, Effects of Neutron Irra- 
diation upon Cell Function (National 
Authorities for Atomic Energy Matters) 


October 22-27, Planning for the Future 
(Director of Information, International 
Planned Parenthood Federation, 18-20 
Lower Regent Street, London SWIY 
4PW) 


October 24-25, Auger Electron Spectro- 
scopy—Materials Applications and Quan- 
tification (The Meetings Officer, The 
Institute of Physics, 47 Belgrave Square, 
London SWIX 8QX) 


October 24-25, International Symposium 
on Gonorrhoea (Mrs Jean R Renaud, 
Symposium Secretary, Room 1-5, Food 
and Drug Building, Health Protection 
Branch, National Health and Welfare, 
Tunney’s Pasture, Ottawa, Ontario KIA 
OL2) 


October 24-25, Environmental Chemistry: 
Know-How and Chemicals (1b/cc Ad- 
e 
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ministration, Nieuwelaan 65, B-1820 
Strombeek, Belgium) 


October 24-26, Materials in Packaging 
(I B Smith, Department of Polymer 
Science and Technology, Brunel Univer- 
sity, Kingston Lane, Uxbridge, Mıddle- 
sex) 


October 25, Motorways and the Biologist 
(R K Tabor, Symposium Organizer, 
Faculty of Science, Department of 
Applied Biology, NE London Poly- 
technic, Romford Road, London E15 
4LZ) 


October 25-28, The 3rd International 
Symposium on Atherosclerosis (Kongress- 
gesellschaft fur arzliche Fortbildung e V , 
D 1 Berln 41, Wrangelstrasse 11-12, 
Germany) 


October 28-31, The 44th Annual Meeting 
of the Society of Rheology (H P 
Schreiber, Department of Chemistry, 
McGill University, PO Box 6070, Mon- 
treal, Canada) 


October 29-31, Conference on Electrical 
Insulation and Dielectric Phenomena (Dr 
Nelson T Grisamore, NAS, 2101 Con- 
stitution Avenue, Washington DC 20418) 


October 29-November 2, Standard Refer- 
ence Materials and Meaningful Measure- 
ments (Office of Standard Reference 
Materials, SRM Symposium, National 
Bureau of Standards, Washington DC 
20234) 


October 30, New Directions in Transport 
(Mr John Barrick, ALA, The Library, 
Royal Town Planning Institute, 26 Port- 
land Place, London WIN 4BE) 


October 31- November 3, Annual Meeting 
of the Division of Plasma Physics (J L 
Johnson, Program Chairman, Princeton 
University, Plasma Physics Laboratory, 
James Forrestal Campus, PO Box 451, 
Princeton, NJ 08540) 
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At the EUROPEAN PEPTIDE SYMPOSIA, the world’s leading author- 
ities in the specialized and rapidly expanding field of peptide chemistry 
meet to discuss their work. The latest results are presented and future 
areas of research are determined. 


The following volumes are available: 


PEPTIDES 1972 


Proceedings of the Twelfth European Peptide Symposium, Reinhardsbrunn Castle, German 
Democratic Republic, September 1972 


edited by HORST HANSON, Physiologisch-Chemisches Institut and HANS-DIETER JA- 
KUBKE, Sektion Biowissenschaften, Fachbereich Biochemie der Martin-Luther-Universitat 
Halle/S , German Democratic Republic 


1973 498 pages Dfl 90 00 (about US $ 31 60) ISBN 0-7204-4132-3 


CONTENTS Opening Lectures Methods of Peptide Synthesis Special Problems of Peptide 
Synthesis with Polymeric Supports Synthesis of Biologically Active Peptides, their Fragments 
and Synthetic Analogues Physical and Chemical Methods for Elucidating the Biological Action of 
Peptides The Release and Inactivation of Biologically Active Peptides by Means of Enzymes 
Receptor-Effector Interactions Author index 


PEPTIDES 1971 

Proceedings of the Eleventh European Peptide Symposium, Vienna, Austria, April 1971 
edited by H. NESVADBA, Sandoz Forschungsinstitut, Vienna, Austria 

1973 450 pages Dfi 80 00 (about US $ 28.10) ISBN 0-7204-4120-X 


CONTENTS Conventional Methods of Peptide Synthesis Solid Phase Peptide Synthesis 
Purification, Isolation and Characterisation of Peptides Miscellaneous Conformation and 
Biological Activity of Peptides Author index 


PEPTIDES 1969 

Proceedings of the Tenth European Peptide Symposium, Abano Terme, Italy, September 1969 
edited by ERNESTO SCOFFONE /nstitute of Organic Chemistry, University of Padua, Italy 
1971 404 pages Dfl. 80.00 (about US $ 28 10) ISBN 0-7204-4097-1 


PEPTIDES 1968 
Proceedings of the Ninth European Peptide Symposium, Orsay, France, April 1968 
edited by E BRICAS, /nstitute de Biochemie, Faculté des Sciences d'Orsay, Université de Paris 


1968. 360 pages Dfl 57.50 (about US $ 20 20) ISBN 07204-4045-9 


PEPTIDES 1966 


ine of the Eight European Peptide Symposium, Noordwyk, The Netherlands, September 
966 


edited by H C BEYERMAN, A VAN DE LINDE and W MAASSEN VAN DEN BRINK, 
Technische Hogeschool, Delft, The Netherlands 


1967. 304 pages Dfi 45 00 (about US $ 15.80) ISBN 0-7204-4033-5 
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APPOINTMENTS VACANT 





YORK UNIVERSITY 
Toronto, Canada 


CENTRE FOR RESEARCH IN EXPERIMENTAL 
SPACE SCIENCB 


POSTDOCTORAL PROJECT SCIENTIST 


FOR RADIATIVE TRANSFER STUDIES IN 
MOLECULAR ATMOSPHERES 


Applications are invited for a postdoctoral project 
scientist position for work on radiative transfer in 
molecular atmospheres using — computer-oriented 
synthetic spectral methods Candidates should have a 
good knowledge of molecular spectroscopy and radia- 
uve transfer theory aud be experienced in program- 
nung and the use of computers 

Applicants should send a curriculum vitae and the 
names and addresses of at Jeast two referees to 
Professor R W Nicholls, Director, Centre for 
Research in Experimental Space Science, York Uni- 
versity, 4700 Keele St, Downsview, Ontario M3J 1P3, 
Canada, from whom more information may be 
obtained (488) 





MEMORIAL UNIVERSITY of Newfoundland — 
Applications are invited for a faculty position now 
open in Electron Microscopy Responsibilities 10- 
elude daily supervision of the EM Unit, independent 
and collaborative research, limited teaching Rank 
and salary negotiable Interested persons send 
curriculum vitae and 3 references to Dr C Pfeiffer, 
Faculty of Medicine, Memorial Umversity of New- 
foundiand, St John's, Newfoundland, anida 35 


UNIVERSITY OF MANCHESTER 
DEPARTMENT OF ZOOLOGY 


RESEARCH ASSOCIATE ' 
IN CYTOLOGY 


Applications invited. for tus three-year post (funded 
by the OAD) for research connected with the Tsetse fly 
and Trypanosome control, and involying the investiga- 
tron of some aspects of DNA and RNA synthesis 
during gametagenesis and oogenesis, and/or cyto- 
chemistry and ultrastructure of developing oocytes and 
nurse celis during vitellogenesis Candidates must 
have a strong interest im cytogenetics and be 
acquainted with autoradiographic and/or cytochemi- 
cal techuiques Initial salary up to £2,058 pa, rising 
to £2,388 pa FSSU Detailed applications, with 
names of two referees, should be sent to Dr D I 
Southern, Department of Zoology, The RUE 
Manchester M13 9PL, as soon as nossibíe (562) 


HEBREW UNIVERSITY-HADASSAH 
MEDICAL SCHOOL 
JERUSALEM, ISRAEL : 


POST-DOCYIORAL RESEARCH ASSOCIATE 
wanted for project on brotransformations using plant 
tissue cultures X Biochemist or microbiologist pre- 





ferred Position for one year, renewable for second 
year Stipend in range of ILI13-15,000 per year 
Send cv and names of referees to Professor 


R I Mateles, Laboratory of Applied Microbiology, 
PO Box 1172, Jerusalem, Israel (623) 


FANCY A CHANGE 


We have vacancies galore at every grade in 
the sciennfic field, including marketing 


For further details, write or telephone 
WALBROOK APPOINTMENTS, 
116 HIGH HOLBORN, LONDON, W C2 


Tel 01-405 8787 ' 


3) 











group of assistants 


Roche Products Ltd 





Senior Pharmacologist | 
for Research 


Our Research Departments have recently moved into new 
laboratories in Welwyn Garden City, where the team of 
Pharmacologists ıs responsible for carrying out research and 
screening work aimed at the development of new drugs as well 
as participating in the research programmes of interdisciplinary 
groups working 1n specific disease areas 


We are now seeking to strengthen this team by appointing a 
Senior Pharmacologist at postdoctoral level with substantial 
experience in the field of cardiovascular pharmacology It 1s 
essential that he should have proven ability to carry out original 
and creative research as well as the capacity to work effectively 
with scientists 1n other disciplines and organize the duties of a 


The new laboratories provide excellent accommodation and are 
equipped with the most modern instrumentation 


is* part of a. major international 
pharmaceutical concern based 1n Switzerland and is itself one 
-of the leaders in the industry in the UK Conditions of Service 
are good and anclude some valuable fringe benefits Applications 
in writing should be addressed to the Senior Welwyn Personnel 
Officer 








Roche Products Limited 
Welwyn Garden City Hertfordshire AL7 3AY 





UNIVERSITY OF AUCKLAND 
NEW ZEALAND 


e CHAIR IN GEOLOGY 


Applications are invited for the above-mentioned 
Char which will become vacant throngh the retire- 
ment of Professor A R Lille In view of the 
existing staffing and course structure within the 
Department, the post would be best suited to an 
applicant with wide interests in general geology 
Applicants shonld have proven teaching ability and 
a substantial research record of publications and 
field projects 

The appointee will be required to take up his 
duties in February 1975 or as soon as possible 
thereafter om a date to be arranged with the Council 

Salary Candidates should note that saJaries are 
currently under review Professorial salaries are at 
present established within the range SNZ12,268 to 
$15,675 having regard to the qualifications of the 
candidate concerned 

An allowance ts made towards travel and removal 


expenses and superannuation is available on an 
FSSU bass 

Ful] details, conditions of appointment and 
application procedure are available from the 


Association of Commonwealth Universities (Appts), 
36 Gordon Square, London WCIH OPF 
Applications close on October 15, 1973, (657) 





UNIVERSITY OF ABERDEEN 


RESEARCH FELLOW IN 
- BACTERIOLOGY 


A vacancy exists for a graduate research worker, 
supported by a three-year MRC grant, for a pro- 
ject concerned with mechanisms of antiviral immu- 
mty A post-doctoral worker ts preferred but a 
good honours graduate 1n the biological sciences will 
also be considered Experience in immunology or 
virology is desirable Salary on range £1,929 to 
£2,223 

Further particulars from the Secretary, The Uni- 
versity, Aberdeen, with whom applications {2 copies) 
should be lodged by September 29, 1973 65D 


- 





UNIVERSITY OF NAIROBI 
KENYA 
Apphcauons are invited for the following posts 


ASSOCIATE PROFESSOR IN DEPARTMENT 
OF PHYSICS Applicants should possess a PhD 
in Physics and have considerable university teaching 
and research experience Active fields of research in 
the Department are [onospheric Physics, Palaeo- 
magneusm and Geomagaeusm and Solid State Physics 
and experience in one of these would be an adyan- 
lage 


3 LECTURERS IN DEPARTMENT OF MATHE- 
MATICS Applicants must hold a postgraduate 
degree in Pure Mathematics, Applied Mathematica 
or Statistics — Experience in supervising postgraduate 
students in these subjects wil be an advantage 

Salary scales Associate Professor, K£3,036 to 
K£3,564 per annum, Lecturer, K£1,500 to K£2 580 
per annum (K£i-£l17 sterhng) The British. Govern- 
ment may supplement salaries in range £450 to £1,050 
per annum (sterling) for single appoinniees and pro- 
vide children’s education allowances and holiday 
visit passages FSS U Family passages, various 
allowances 

Detailed applicatiors (2 copies), including curn- 
culum vitae and namung 3 referees, should be sent 
by airmail, not later than October 10, 1973, to the 
Registrar, University of Nasrobi, PO Box 30197, 
Nairobi Kenya — Applicants resident im UK should 
afso send 1 copy to Inter-University Council, 90/91 
Tottenham Court Road, London WIP ODT Further 
particulars may be obtamed from either addres 





OXFORD UNIVERSITY 
DEPARTMENT OF PHYSIOLOGY 


There is a vacancy for a TECHNICIAN to assist 
with research on neurotransmitters involving bio- 
chemical assay and fluorescence and electron micro- 
scopy 

Appheabons to and further edetails from Dr 
Marianne Fillenz, University Laboratory of Physio- 
logy, Oxford (664) 
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CARDIFF ROYAL INFIRMARY 
Newport Road, Cardiff 


BASIG GRADE BIOCHEMIST 


required in the newly established National 
Protein Reference Unit (Department of Chemi- 
cal Pathology) This appomtment will be for 
one year in the first instance, with an option 
to renew 


Applicants must hold an appropriate science 
degrce and should have experience of routine 
chemical pathology with a special interest in 
proteins [he successful candidate will be cx- 
pected to collaborate in research and develop- 
ment in addition to the service commitment 


Salary scale £1278 per annum rising to 
£2,370 per annum (Candidates with Ist or 
2nd Class Honours commence at £1,566 per 
innum and it is possible to award to higher 
starting point 19 the light of postgraduate study ) 
Whitley Council conditions of service apply 

further particulars may be obtained from Dr 
I W Keyser Insutute of Pathology at the 
above hospital, who will be pleased to arrange 
for a visit to the Department 


Application ^orms from the Personnel. De- 
partment, at the Hospital (705) 





UNIVERSITY COLLEGE 
OF NORTH WALES 
BANGOR 


SCHOOL OF ELECTRONIC 
ENGINEERING SCIENCE 


POSTDOCTORAL RESEARCH 
ASSISTANT 


Re-advertisement 


Applications are invited for the post of Post- 
doctoral Research Assistant in. the Division of 
Electrical Materials Science for work on free elec- 
tron behaviour in u'tra-pure dielectric liquids — This 
work under the supervision of Professor T J 
Lewis ıs supported by an SRC grant and the 
appointment, at an ainiual salary of 2,058 per 
annum will be for two years Experience in the 
field of clectrical conduction processes in materials 
would be an advintage but is not absolutely 
necessary 

‘Applications (two copies) giving details of educa- 
uon and experience together with the names and 
addresses of two referces, should be submitted by 
September 24, 1973, to the Secretary and Registrar, 
University College of North Wales, Bangor čao 
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SHEFFIELD POLYTECHNIC 


DEPARTMENT OF APPLIED 
PHYSICS 


INTERDISCIPLINARY 
RESEARCH POSTS 


Vacancies are now occurring for work on 
the following projects 


DIFFUSION MECHANISMS 
IN STEEL 


(CASE Award with British Steel 
Corporation) 


STRUCTURE OF 
SUPERSATURATED 
SOLUTIONS 


(SRC CASE Award with 
Tate & Lyle Ltd) 


ORDERING PROCESSES IN 
LIQUIDS 


(LEA Research Assistantship) 


For further information please contact 


[he Head of Department of Applied Physics, 
Sheffield Polytechnic, 
Pond Street 
Shefheld S! 1WB (706) 


KENNEDY INSTILUTE 
DIVISION OF CELLULAR BIOLOGY 


RESEARCH ASSISTANTS 


Two recent graduates are required for work 
involving 

() Autoradiographic and microspectrophoto- 
metric studies on DNA and the cul kineucs of 
the synovium 

GD Quantitative cytochemical studies on 
human rheumatoid synovium 

Each appointment will be for up to three 
years and will give an opportunity of registering 
for a higher degree 

The appointments will provide a starting 
salary of £1,012 per annum plus FSSU 
superannuation 

Written applications, giving full details and 
naming two referees, to The Laboratory Super- 
intendent, The Kennedy Institute. Bute Gardens, 
W6 7DW (709) 





UNIVERSITY COLLEGE, 
GALWAY 


LECTURESHIP 


ZOOLOGY 


Applications are invited for the above statu- 
tory whole-ume post Salary scale £3 450 by 
£114 (16) to £4,590, plus family allowances 
Non«ontributory pension scheme The closing 
date for receipt of applications is October 1, 
1973 


Prior to application further information 
should be obtained from the Registrar ot the 
College (710) 





SCIENTIFIC OFFICER 


Applications are invited for a research worker to 
engage as a member of a small tam in the devilop- 
ment of a process for the fermenter production of 
an cnzyme-producing microorganism The project 
includes studies of the conditions required for the 
release of cxtraccllular enzymes during growth and 
methods of isolation 


This post, which is supported by a grant will be 
for a period of two ytars, and the rescarch will 
be carried out in the London area for at Icast the 
first year 


Applicants should have a first or upper second «lass 
honours degree or equivalent quahificauons, and at 
feast two years’ relevant postgraduate rescarch cx- 
perience 


Appointment to the Higher Scicntilic grade (£2 076 
to £2,667 per annum) 


Applcauon forms Secretary, Meat Research Insti- 
tute, Langford, Bristol BSi8 7DY 


Applicants from the Agricultural Research Service 
should submit their applications through their pre- 
sent Director if they wish to be considered for the 
award of "public interest" transfer terms (699) 





woe, 


OVERSEAS DEVELOPMENT ADMINISTRATION 


Director of Land Resources 
£6697 - £7540 


Responsible for the effective working of the Land 
Resources Division, Tolworth, one of the Scientific Units 
of the ODA The Division prepares inventories of land 
resources in developing countries and makes 
recommendations based on sound policies for 
agriculture, animal production, forestry and water 
resources 


administrative experience of the assessment and 
appraisal of land resources, preferably in the tropics 
Experience of directing multi-disciplinary teams is 
desirable, as is a working knowledge both of economic 
appraisal and of conditions in developing countries 


Starting salary within the scale quoted, non- 
contributory pension scheme An appreciable number of 


Geologists, geomorphologists, climatologists, soil short-duration overseas trips will be involved 


scientists, agricultural economists work together in the 
Division to study not only the physical environment but 
also socio-economic aspects 


Fuller details of this appointment may be obtained by 
e writing to the Civil Service Commission, Alencon 
Link, Basingstoke, Hants , RG21 1JB, or by 
e, telephoning BASINGSTOKE 29222 ext 500 or 
LONDON 01-839 1992 (24-hour answering service), 
e quoting S/8372/U Closing date 7 December, 1973 


FOREIGN AND COMMONWEALTH OFFICE (681) 


Candidates should normally be at least 45 and havea 
degree in arelevant subject, plus wide practical and 
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UNIVERSITY OF AUCKLAND 
NEW ZEALAND 


Apphcauons, closing on the dates specified, are 
myited for the following posts 


SENIOR ‘LECTURESHIP/LECTURESHIP — IN 
PHYSIOAL ANTHROPOLOGY OR PREHISTORY 
Apphcants for a position in physical anthropology 
shouid be quahfied to offer courses m biological 
anthropology, imcluding human genetics, evolutionary 
theory, contemporary populanon biology The suc- 
cessful apphcant will be expected to carry out research 
im the field of human population studies, to develop 
the sub-discipline of physical anthropology m the 
Department, and to co-ordimate these developments 
with related programmes in human biology elsewhere 
in the University Applicants for a position in pre- 
history should be qualified to offer courses in Old 
or New World prehistory Competence to teach 
courses in paleo-physical anthropology will be an 
advantage The successful applicant will be expected 
ta participate in some aspect of the research pro- 
gramme of the prehistory section of the Department 
which covers New Zealand, Oceama and Australia 
(16/10/73) 

LECTURESHIPS IN BIOCHEMISTRY Appl- 
cants should have posigraduate qualifications in bio- 
chemistry An applicant from one of the following 
fields would receive preference Endocrine Big- 
chemistry, myocardial metabolism, microbial meta- 
bolism, enzymology, physical biochemistry, poly~ 
saccharide Metabolism, protem — binding, neuro- 
chemistry, metabolic effects of pesticides (15/10/73) 


LECTURESHIP IN MATHEMATICS — Applicants 
with special qualifications in the Mathematics of 
Computauon, particularly Numerical Analysis, wall 
be especially welcome (15/10/73) 


LECTURESHIP IN OPTOMETRY  Apnpbcants 
should have a higher degree and an optometric 
quahficauon which would allow them to be registered 
as an optometrist in New Zealand Preference will 
be given to those qualified in physiological optics, 
or optics with experience in clinical optometry 
(15/10/73) 

Salary Candidates should note that salaries are 
currently under review Commencing salary within 
the appropnate scale will be determined m accord- 
ance with qualifications and experience Senior 
Lecturer, $NZ7,633 msing to $NZ8,997, in excep- 
tional cases the Council may extend this scale up to 
$NZ9,813 per annum, Lecturer, $NZ5,862 to 
$NZ7,497 

Travel and removal expenses within specified 
limits, and superannuation on an FSSU_ basis 

Full details of individual posts, conditions of 
appomtment and application procedure available 
from the Association of Commonwealth Universities 
(Appts), 36 Gordon Square, London WCIH bay 





JAMES COOK UNIVERSITY OF 
NORTH QUEENSLAND 


SENIOR LECTURESHIP IN 
CIVIL ENGINEERING 


Applicants should possess a higher degree and 
have extensive teaching and research expenence 10 
the field of geomechanics Interest and/or experience 
in the bebaviour of soils and rocks im a tropical 
environment would be an advantage The successful 
appheant will undertake teaching at undergraduate 
and postgraduate level, including supervision of 
laboratories and will be expected to develop an 
active research programme yn his field of interest 

Salary range $A12,268 to $Ai4,308 per annum 
plus locality allowance 

Conditions of appointment include FSSU 
superannuation, invalid pension scheme, housing 
assistance, study leave and allowance for travel and 
removal expenses on appointment 

Applications close on October 5, 1973. 

Further details and applicanon forms obtainable 
from the Association of Commonweath Universities 


(Appts ), 36 Gordon Square, London WCIH OPF | 
\ (656) 





UNIVERSITY OF MANCHESTER . 
DEPARTMENT OF RHEUMATOLOGY 


Applications invited for the post of Research 
Fellow Pre- or post-doctoral, non-medical or medical, 
graduate to work on immunological changes, especially 
those of lymphocyte function, in rheumatic diseases 
Previous experience of immunology and tissue culture 
desirable Inimal appomiment up to three years, 
salary according to experience 

Further details Dr P J L Holt, Rheumatism 
Research Centre, Stopford Building, Oxford Road, 
Manchester M13 9PT (646) 





University of Leeds 
SOHOOL OF MBDICINE 


A vacancy exists for a two year appointment as 
RESEARCH. ASSISTANT at an inital salary within 
the range £900 to £1,100, in a joint team engaged 
in the Departments of Microbiology and Medicine in 
laboratory studies on arthritis Applicants with 
degrees ın microbiology or biochemistry should 
write to Dr J W Cuzekaiowsk: of the Department 
of Microbiology, School of Medicine, Tbe University 
of Leeds, Leeds LS2 9IT, naming two referees, 
before September 29, 1973 (645) 


P B de _ Public Service Fonction publique 
eae. “Canada. -© Canada -. 


THIS COMPETITION IS OPEN TO BOTH MEN AND WOMEN 


RESEARCH SCIENTIST—Head, Plant Pathology 
Salary to $28,184 


Harrow Research Station 
Canada Department of Agriculture 
Harrow, Ontario 


The Canada Department of Agriculture requires an experienced research scientist 
to lead the (Plant Pathology Section, consisting of six pathologists and one 
nematologist, at the Harrow Research Station 


Duties: The successful candidate will conduct research on important diseases, 
primarily fungal, of field and greenhouse vegetables, with emphasis on soil born 
pathogens, provide leadership in research on diseases involving fungal, viral, 
bacterial and nematode pathogens of other crops including tree fruits, corn, 
wheat, soybeans and field beans 


M 
Qualifications: Doctorate degree or an equivalent combination of training and 
experience in a discipline appropriate to the duties, demonstrated ability to 
conduct independent research and provide dynamic, effective leadership 


Knowledge of the English language is essential for this position 


To ensure consideration, forward “Application for Employment" (Form PCS 
367-401) or detailed résumés, inciting a list of publications and references, 
before October |1, [973 to 


Sciences and Technology Program, Public Service Commission of Canada, 
Place de Ville, Ottawa, Ontario KIA OMT 


Please quote reference number 73—-100—73 in all correspondence 


Appointments as a result of this competition are subject to the provisions of the 


Public Service Employment Act 
(648) 


COMMONWEALTH AGRICULTURAL BUREAUK 


Three vacancies for 


ENTOMOLOGISTS 


in the 


COMMONWEALTH INSTITUTE OF ENTOMOLOGY 
(IDENTIFICATION SERVICE) 
Briush Museum (Natural History), London SW7 


Duties One post w for work in the HYMENOPTERA, another for work in the DIPTERA 
and the third for work in the COLEOPTERA The successful candidates will be required 
io undertake identifications and revisionary systematic work 

Qualifications A degree in biology with emphasis on entomology and evidence of an 
interest in, and aptitude for, taxonomic work 

Salary In the scale £1,318-£2,422 (bar)-—~-£2,615—£3,250 (bar)—-£3,510-£4,575, plus a 
compensatory allowance (taxable but not superannuable) of 44% to offset persona! contribu- 
tion to FSSU, plus Inner London Weighing of £175 per annum Starting salary according to 
qualifications, experience and age Y 

Application forms and further particulars from the Secretary, Commonwealth Agricultural 
Bureaux, Farnham House, Farnham Royal, Slough SL2 3BN 

Closing date for applications November 30, 1973 (678) 


UNIVERSITY OF BIRMINGHAM 
DEPARTMENT OF GENETICS 


Applications are invited for the post of 


Senior Research Associate 


10 work in the area Qf» biometrical genencs Candidates should have a first degree in a 
biological subject and research experience, preferably post doctoral in a relevant field 
Salary scale £2,223 to £3,048 pius FSSU 2 
Applicauons (3 copieg, naming three referees, by September 21, 1973, to Assistant Registrar(S), 
University of Bummgham, PO Box 363, Birmingham BiS 2TT, from whom further details 
may be obtained Please quote reference NN2 . (724) 
*. 
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UNIVERSITY OF NAIROBI 
KENYA 


Applications are invited for the following posts in 


|] the Faculty of Agriculture 

iEN E G ADUATES INTERESTED PROFESSOR IN DEPARTMENT OF AGRICUL- 
TURAL ECONOMICS Applicants should be 

graduates in either Agriculture or Economics, and 

hod a doctorate in any of the following Farm 

Management, Agricultural Marketing, Agricultural 

Extension, Development Economics They should 

also have considerable teaching and research experi- 

ence at university level  Appomtee wil be expected 

to teach at both undergraduate and postgraduate 


levels and to participate in the development of 
various curricula within the Department 


SENIOR LECTURER IN HORTICULTURE IN 
DEPARTMENT OF CROP PRODUCTION Appl- 
cants should have a BSc n either Horticulture, 


If you are a science graduate with a first or good second class honours 
degree age 32 or over, and would like to make a career in the admini- 
stration of research, a post of Scientific Administrative Officer in the 
MRC Headquarters Office in London will be of interest to you Research 





experience in fields associated with medicine—including social science— iid cuire, or ase and a postgraduate destret Ja 
a z 
and a research degree would be an advantage cultural practice and research Experience in horti- 
The Medical Research Council is the main government agency respon- cultural. ea canon at university level will be an 
sible for the promotion of medical research and sponsors an extensive Salary scales Professors K£3,600 to K£4,380 per 
programme, some of which is abroad The vacant post will be concerned annum, Senior Lecturer K£2,256 to XK£3,036 per 
primarily with part of the Council's non-clinical activities which include aanu (RE ELAT arano NO otim 
uppi ; 
such subjects as physiology, psychology, genetics, immunology, micro- per annum (sterling) for married appointees or £650 
biology and molecular biology. The work will include liaison with to £950 per annum (sterling) for single appointees 
members of the Council's scientific staff and others active in the relevant (normally free of a all tax) em provide chidren s 
ucati allowances a a 1 
research field and participation in scientific committee and conference FSSU Family passages, various allowances 
activities Detailed applications (2 copies), Er Wo 
culum vitae and namung 3 referees, should be for- 
Salery will be in the range of £3,647 to £4,750 per annum with super- warded by airmail, not later than October 10 1973, 
annuation provision. Appointments will be to the Council's established to the Registrar, University of Nairobi PO Box 
staff, subject to satisfactory completion of a probationary period of M 30197, Nairobi Kenya Applicants resident in U K 
two years should also send 1 copy to Inter-University Council, 
y M 90/91 Tottenham Court Road, London WIP ODT 
Application forms may be obtained by writing to or telephoning Further particulars of these appointments are obtam- 
Miss M. Walton, Medical Research Council, 20 Park Crescent, able. Hom either. address eee 
London WIN 4AL. Tel. No. 01-636 5422. Closing date for appli- 
cations is 24 September 1973. Please quote E2/552, UNIVERSITY OF IBADAN 
NIGERIA 


Applcations are invited for post of SENIOR 
LECTURER (MEDICAL ENTOMOLOGIST) IN 
THE VIRUS RESEARCH LABORATORY Appl- 
cants should possess a doctorate in Medical/Veterin- 
ary En*omology or MS or MSc with 3-5 years’ 
experrence in Medical/Veterinary Entomology re- 


search in tropical areas, preferably Africa Appointee 
Medical Research Council wil be required to take charge of laboratory and 


(671) field programmes involving investigations on the 

taxonomy, biology, ecology and epizoodemiology of 
various arthropods (Culicidae, Ixodidae, Argasidae, 
Ceratopogonidae and possibly others) relative to 
arthropod-borne virus diseases of man and other 
animals These responsibilities relate to laboratory 
procedures in experimental infection and transmission 
work as well as to extensive field work on tour away 





from Itadan Other responsibilitres will involve 

METALS ABSTRACTS UNIVERSITY OF BRISTOL occasional lectures in  Entomology/Arbovirology, 

guidance to undergraduate and graduate students 

involved in studies in Medical Entomology and any 

The international abstracting service for CHAIR IN BOTANY other duties designated by the Director of the 
metallurgy is still expanding and requires several laboratory 


SENIOR EDITORIAL ASSISTANTS The The University proposes as soon as possible Salary scale N5,900 to N6500 per annum (£1 
work consists of editing and checking abstracts to make an appointment to the Melville Wills rau drin 64) Jhe prtsh Expatriates Supplemen: 

e tation Cheme is unlikely to èe apple to this 
N Mx pa MEERDE ani Poote Char of Botany, which will become vacant on appointment Family passages various allowances, 


August 1 1974, on the retirement of Professor superannuation scheme, biennial overseas leave 
physics or chemistry, 1s necessary Ability to E W Yemm Detailed applications (2 copies), including a curr- 
write good and concise English essential and . culum vitae and namung 3 referees, sbould be for- 


a working knowledge of a foreign language 


warded by airmail, as soon as possible to the 
would be an advantage 


Suitably qualified candidates are invited to Director, Virus Research Laboratory, University of 
submit applications by October 31, 1973 Ibadan, Ibadan Nigeria from whom particulars are 
Apphcauons, stating age, education, qualifi- Further particulars of the appointment may be available (667) 
cations and experience to Dr T Graff, ‘Metals obtained from the Secretary of the University, 
Abstracts’, The Insutute of Metals, 17 Belgrave Senate House, Bristol BS8 2TH (X637) 


Square, London SWIX 8PU (565) UNIVERSITY OF DAR ES SALAAM 


TANZANIA 


Applications are invited for (a) LECTURESHIP 
or (b) ASSISTANT LECTURESHIP IN PIG AND 
POULTRY PRODUCTION in Department of Animal 
Science Applicants should hold a higher degree in 
Agriculture or Veterinary Science and should have 


| specialization in either Pig or Poultry Production 
R R Previous teaching or research experience in ome or 
both of these fields will be an added advantage 


Appointee will be expected to teach students various 
in the aspects of Pig and Poultry Production He will 

| also be expected to undertake research in any one 
of the above fields Salary scales Lecturer T£1,898 


DEPARTMENT OF PHARMACOLOGY to T£2,318 per annum Assistant Lecturer T£1 260 


to T£1915 per annum (T£1=£110 sterling) The 


British Government may supplement salary in range 

Applications are invited for this post £550 to £950 per annum (sterling) for married 

The Senior Lec.urer will work under the direction of the Vandervell Professor of Pharmaco- appointee or £300 to £650 per annum (sterling) for 

logy, Professor G P Lewis, and will be expected to take part im the teaching activities of the Single. appoimtes (normally. ~free of. all: tax) and 

Department Adequate facihtes will be available for research work | provide children’s education allowances and holiday 

visit passages This supplementation is unlikely to 

Salary on the University of London Academic Non-Clinical Saldty Scale, effective from be applied to appointment at Assistant Lecturer 

October 1, 1973, for Senior Lecturers ie £4,368-£5,496 plus £162 pa London Allowance level  FSSU  Famiy passages, biennial over- 
Membership of the Federated Superannuation. System for Universities (FSSU) seas leave 

Applications, giving age, qualifications and experience, including®ehe names and addr Detailed applications (2 copies), including a 

of two referees, should be sent before Monday October 15, 1973, to xu curriculum vitae and naming three referees, should 

be sent by air mail, not Jater than October 10, 1973 

Secretary, Institute of Basic Medical Sciences, to the Chief Academic Officer, University of Dar 

Mr F W Davis, . es Salaam, PO Box 35091, Dar es Salaam, 

Royal College of Surgeons of England, Tanzania Applicants resident in UK should also 


luncoln's Inn Fields send one copy to Inter-University Council, 90/91 


Tottenham Court Road London WIP ODT Further 
particulars may be obtained from either address 
(658) 


London WC2A 3PN 
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UNIVERSITY OF IBADAN 
NIGERIA 


Applications are invited. for the following posts in 
the Faculty of Science 


1 PROFESSOR/READER IN DEPARTMENT 
OF STATISTICS Applicants must be statisticians 
with several years’ postdoctoral and research experi- 
ence 

2 READER IN PURE MATHEMATICS, 
READER AND SENIOR LECTURER IN APPLIED 
MATHEMATICS, LECTURER SENIOR RE- 
SBARCH FELLOW/RESEARCH FELLOW, ASSIS- 
"ANT LECTURER IN DEPARTMENT OF 
MATHEMATICS Applicants for posts of Reader 
should, in addition to possessing a good honours 
degree and a research degree in Mathematics, have 
considerable teaching and/or research experience and 
be able to supervise the work of postgraduate research 
students Applicants for posts of Senior Lecturer 
Sentor Research Fellow, Lecturer or Research Fellow 
should have a good honours degree, a research degree 
and relevant University research and/or teaching 
experience Applicants for the post of Assistant 
Lecturer should possess a good honours degree in 


Mathematucs University teaching experience will be 
an advantage 
3 SENIOR LECTURER/LECTURER IN 


CHEMISTRY Applicants should possess a doctorate 
and preference will be given to those with research 
experience in the following <Analytical/Inorganic, 
Applied Physical Inorganic, Synthetic Organic, 
Organometallics, Proteins, Heterogeneous Reaction, 
Kinetics or Catalysis, Radiochemistry, or to those 
who have extensive experience with the techniques of 
NMR spectroscopy or gas chromatography 
Salary scales Professor N6,600 per annum, Reader 
N6,{00 per annum, Semor Lecturer/Sentor Research 
Fellow N5,030 to N5,750 per annum, Lecturer/ 
Research Fellow N2,760 to N4,830 per annum, 
Assistant Lecturer N2,140 to N2,660 per annum 
(£l sterhng-N1 64) The Briush Government may 
supplement salaries in range £750 to £1,500 per 
annum (sterling) for married appointees or £250 10 
£1,000 per annum (sierling) for single appointees 
(normally free of all tax) and provide children s 
education allowances and holiday visit passages This 
supplementation is unlikely to be apphed to appoint- 
ments at Assistant Lecturer level Family passages 
vanous allowances, superannuation scheme, biennial 
overseas leave 
Detailed applications (2 copies), including a curri- 
culum viae and naming 3 referees should be for- 
warded by airmail, not later than October 10, 1973, 
to the Registrar, University of Ibadan, Ybadan, 
Nigera — Applicants resident in UK should also 
send 1 copy to IJnter-Universuy Council, 90/91 
Tottenham Court Road, London WIP ODT Further 
particulars may be obtained from ember address 
^ (669) 





UNIVERSITY OF PAPUA AND 
NEW GUINEA 


Apphcatons are invited for post of either SENIOR 
LECTURER/LECTURER or SENIOR TUTOR/ 
TUTOR IN BIOLOGY Preference will be given 
to candidates with interests in the fields of Plant or 
Animal Ecology or Economic Entomology Appointee 
wil be expected to teach at both elementary and 
advanced levels Salary scales Semor Lecturer 
$A10,119 ta $A11,734 per annum, Lecturer, $A7,304 
to $A9,887 per annum, Senior Tutor, $A6,466 to 
$A7,134 per annum, Tutor $45,238 to $A5,906 per 
annum plus $A360 per annum dependants’ allow- 
ance These salaries include an overseas allowance 
(£ sterling=$Al1 74) Conditions include provision 
ot housing, study leave, FSS U and annual leave 
ares 

Applications (2 copies), should include particulars 
of age, marstal status, academic record, qualifications 
and experience, names and addresses of 3 referees, 
a recent small photograph and an indication of 
estimated starting date Further details and condi- 
tions of appointment are avaiable from the Secre- 
tary, PO Box 4820, University, Papua, New Guinea 
Closing date October 19, 1973 (660) 


UNIVERSITY OF DUNDEE 
LECTURER IN BACTERIOLOGY 


Science graduates with an honours BSc 
degree in mucrobiology and either experience 
in clinica] bacteriology or a PhD degree are 
invited to apply for this post in the Department 
















separation methods would be of value 


Commencing salary according to qualifications and experience (FSS U) 


Applications, with curriculum vitae and ‘the names of two referees 
should be sent to the Secretary, Lister Institute of Preventive Medicine, 
Dagger Lane, Elstree, Hertfordshire Telephone 01-953 6191. 


UNIVERSITY OF CAPE TOWN 


PROVINCIAL ADMINISTRATION 
OF THE CAPE OF GOOD HOPE 


SENIOR LECTURER IN ANATOMY 


Apphcations are invited from medical graduates or 
other suitably qualihed persons for a post of Senior 
Lecturer in Anatomy to assume duty on September 1, 
1974 The successful candidate wil be required to 
parucipate in the teaching of Anatomy to medical 
and medical auxthary students 

The post will fall under the joint University- 
Provincial Medical Service with University conditionis 
of service, and is on the Jomt Medical Service 
Specialist grade salary scale of R8,400 by R300 to 
R9,300 per annum plus a pensionable allowance of 
15 per cent of basic salary The commencing salary 
wilt be determined by the qualifications and experi- 
ence of the apphcant 

Applicants should submit a curriculum vitae, stating 
present salary, and giving the names and addresses 
of three referees whom the University may consult 

Two copies of the application should reach the 
Secretary-General, Association of Commonwealth 
Universites (Appts), 36 Gordon Square, London 
WCLH OPF (from whom memoranda giving the con- 
ditions of service, including transport expenses on 
appointment, and information on the work of the 
Department may be obtained) not later than 
December 14, 1973 A third copy of the application 
Should be sent direct by amai to the Registrar 
University of Cape Town, Private Bag, Rondebosch 
Cape Town, South Africa, by the same date 

Appointment will be subiect to a satisfactory 
medical certificate 

The University reserves the right to appoint a 
petsom other than one of the applicants, or to make 
no appointment (662) 





THE MEDICAL COLLEGE OF 
ST BARTHOLOMEW'S HOSPITAL 
West Smithfield, London ECLA 7BE 


Research Technician required to join group M- 
vestigating biochemical control mechanisms Some 
experience in enzymology and subcellujar fractiona- 
uon useful Salary according to age and qualifications 
on Scale £741 to £1,290 per annum plus £126 London 
Weighting 

Applications in wrting to The Secretary at the 
above address, quoting reference 590 (642) 


LISTER INSTITUTE, ELSTREE 


BLOOD PRODUCTS LABORATORY 


Recent Honours graduate required to assist in the production, on behalf of the 
Department of Health and Social Security, of human blood protein fractions 
for therapeutic use The successful candidate will also be expected to take part 
in related development and research Experience in preparative-scale protein 


VET l XIX 


* 


(655) 


UNIVERSITY OF SURREY 
DEPARTMENT OF MATHEMATICS 


Applications are invited. for ihe post of Lecturer 
in the Department of Mathematics from candidates 
with special interests and qualifications im Statistics 
and/or Computing Science 

The salary will be on the scale £1,929 to £4,548, 
together with FSS U_ benefits 

Further particulars may be obtamed from the 
Academic Registrar (LFG), University of Surrey, 
Guildford GU2 5XH, tel Guildford 71281 extension 
452 Applications, sn the form of a curriculum vitae, 
including the names and addresses of two referces, 
should be sent to the same address by Monday, 
October 8, 1973 (63: 


GUY'S HOSPITAL MEDICAL 
SCHOOL 


Division of Biological Sciences 


RESEARCH CHEMIST 
OR 
BIOCHEMIST 


required as soon as possible to work as 
Research Assistant on a project in the Physics 
Department studying radiation damage to Teal 
and artificial lipid membranes PhD preferred 
but not essennal, and the candidate must be 
willing to learn and apply new techniques 


The post ss financed by the SRC and 35 
available for a further two years nial salary 
(for candidates wuh Ph D ) not less than £1,929, 
with London Allowance and FSSU 


Applications, with details of research «xperi- 
ence and the names of two referees, to the 
Secretary, Guy's Hospital Medicu School, 
London Bridge, SEL 9RT €683) 





MEDICAL RESEARCH COUNCIL 
BIOCHEMICAL PARASITOLOGY UNIT 
MOLTENO INSTITUTE, UNIVERSITY OF CAMBRIDGE 


of Bacteriology Duties are primarily in the 
Department's chnical bacteriology service to 
hospitals, but also include teaching and sesearch 
Tramıng for the MRC Path is. available 


Applications are invited for the following vacancies 


SCIENTIFIC STAFF 


Post-doctoral biochemisi/molecular biologist required to jom group studying cell biology of 


trypanosomes Shoulda have experience relevant ether to studies on structure and function 
The apponi- 


ment will be for three years — Incremental salary according to age and qualifications within 
the range £1,668-£3,102 FSSU provision 


** RESEARCH ASSISTANTS 


Two research assistants required with experience jn issue culturmg and sterile techniques 
and some knowledge ef general biochemical techniques One posi will offer an opportunity 
to learn methods im electron microscopy Salaries in the range of £1,200-£1,900 depending 
on age aud experience . 

Applications, with the names of two professional referees, should bg sent to thg Director, 

‘Moiteno Insutute, Downmg Street, Cambridge CB2 3EE (663) 


Salary scale £1,929 to £4,548, with placing 
according to qualifications and experience 
FSSU and removal grant 


of mitochondrial nucleic acids or biogenesis and metabolism of mitochondria 


Appheanons (6 copies—overseas | copy) con- 
taining the names of three referees and quoting 


reference Est/66/735, should be sent by 
October 1, 1973, to The Secretary, The Un 
versity, Dundee DD! 4HN, from whom further 
particulars may be obtained (653) 





^ 
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UNIVERSITY OF STRATHCLYDE 


DEPARTMENT OF FOOD SCIENCE 


RESEARCH ASSISTANT 


Applications are invited for a Research Assistant to jom a team working on the condition 


and properties of water in biological materials and 
water in dehydrated foods and in frozeu foods 


in particular on the state of the residual 


The person appointed will be involved in studies employing pulsed nuclear magnetic 
resonance techniques in addition to other physico-chemical methods and should hold a good 


honours degree sn Chemistry, Physics, Biochemistry, Biophysics or Food Science 


Special 


knowledge of or interest in nuclear magnetic resonance would be an advantage 


Salary up to £1,929 per annum could be of interest to a person with some postgraduate 
experience, but enquiries are also invited from new graduates 


The appomtment will be for one year in the first instance with the possibility of extension 


Enquiries and apphcauons (quoting R23/73) to Dr R B Duckworth, Department of Food 


Science, University of Strathclyde, 131 Albion Street 


2071) 


UNIVERSITY OF RHODESIA 
CHAIR OF ENGINEERING 


Applications are invited for appointment to a 
Chair in the sew Faculty of Engineering in the field 
of civil engineering 

The University of Rhodesia's Faculty of Engineer- 
ing has been established receatly with the appoint- 
ment of Professor L M Muggleton, B Sc (Eng) 
PhD (Cape Town}, C Eng, FLEE to the inaugural 
Chair Consequently the appointee to this Chair of 
Engineering will be involved closely with him in 
planning and selung up the degree courses and the 
new Faculty 

A fund rassing programme has almost succeeded 
in reaching its target of RSL million which is the 
estimated initial capital cost of the Faculty The 
first students will be admitted in March 1974 and 
taught for their first year largely im the existing 
Faculty of Science — 1t :s proposed that the degree 
course will lead to an honours degree in four years 
based on GCE Advanced Level entry 

It is enyisaged (hat the appointee to the Chair will 
be a civil engineer of academic repute with admini- 
strative, teaching and industrial experience He 
wil be required to share in the teaching and research 
programme of the Faculty and to help maintain close 
links with the engineering profession in Rhodesia 

Salary scale amd conditions sterling equivalent 
(approx) £6,429 by £231 to £7,584 — Family passages 
and allowance for transport of effects on appoint- 
ment Installation loan of up to half of one year's 
salary if required Unfurnished University accom- 
modation guaranteed for a period of at least three 
years for persons recruited from outside Rhodesia 
Sabbatcal and tnenmal visits with travel allowance 
Superannuation and medical aid schemes 

Applicauons (6 copies) giving full personal par- 
nculars Cncluding full names, place and date of 
birth etc), quahficauons experience, publications 
the names of three referees should be submitted by 
October 31, 1973, to the Asststant Registrar (Science) 
University of Rhodesiz, PO Box MP 167, Mount 
Pleasant, Salisbury, Rhodesia candidates outside 
Central and South Africa should also send a copy 
to the Association of Commonwealth Unrversities 
(Appts), 36 Gordon Square, London WCIH OPF 
When applying please quote Ref UK/22/73 and 
State where advertisement seen (666) 


UNIVERSITY OF GLASGOW 


DEPARTMENT OF CELL BIOLOGY 
RESEARCH ASSISTANT 


A vacancy is avaiable in the Department of 
Cell Biology for an Assistant to work in a small 
team on the positioning of cells in embryos etc 
The appointment will be unts! September 30, 1974 
jn the first instance, under a grant fom SRC 
Graduates in a biological subject, preferably with 
experience of TISSUE CULTURE, or, IMMUNO- 
LOGICAL or EMBRYOLOGICAL techniques, are 
invited to apply Salary according to experfence m 
range £1,500 to £2,000 plus FSS U 





ER au ur should be sent to Rrofessor A S G 


urtis, Department of Cell Biology, University of 

Glasgow, Glasgow Gt! 6NU, and should include 
he names of two referees and curriculum vitae 
in reply please quote Ref No 3351M (629) 


| 


Glasgow G! ISD (Telephone 041-552 


(651) 
€. 





ZOOLOGIST 


Professor and Chairman of active Depart- 
ment of Zoology wanted by February 1, 1974, 
or earliest Candidate should have PhD or 
equivalent and will be expected to teach and 
administrate approximately 30 faculy Candi 
date will also be expected to carry out research 
m his own field 


Salary level will depend on expenence and 
qualifications 


Applications with curriculum vitae and the 
names of three references should be forwarded 
by December 15, 1973, to Professor K Ronald, 
Dean, College of Biological Science, University 
of Guelph, Guelph, Ontano, Canada NIG 
2W1 (641) 





UNIVERSITY OF RHODESIA 


VACANCY BIOCHEMICAL? 
PHARMACOLOGY /DRUG 
METABOLISM 


Position available at the pre- or post-doctoral level 
Well-equipped facility with access to sophisticated 
mstrumentation including mass spectrometer 
Emphasis on radioisotopes Ready access to primates 
and patents Unique opportunities in racial, genetic 
and environmental fields Jumor candidates to 
register. for M Phi or DPhil Semor candidate 
could be considered for staff positon 

Assistance with travel 

Inquiries with curriculum vitae 10 Professor of 


Pre-clinical Studies, Godfrey Huggins School of 
Medicine, University of Rhodesia, Box MP 167, 
Mount Pleasant, Salisbury, Rhodesia (672) 


NORTHWICK PARK HOSPITAL 
AND CLINICAL RESEARCH 
CENTRE 


WATFORD ROAD, HARROW, 
MIDDLESEX HA! 3UJ 
Teleghone 01-864 5311 


BIOCHEMIST—BASIC GRADE 
A basic grade Biochemist 1s required in the 


Division of  Clucal 
The greater part of the duties will 


Service Section. of the 
Chemistry 
include computer *nanagement and program- 


ming Previous experience in computer pro- 
gramming would be an advantage but at least 
an interest js essegtial and training will be 
given The remainder of the duties will give 
experience in a well equipped iaboratory in a 
wide variety of diagnostic chmcal chemistry 
Application form from Mrs J Moore, Staffing 
Officer, Ext 2202 (674) 





\ 
















' 


SCOTTISH HORTICULTURAL 


RESEARCH INSTITUTE 
INVERGOWRIE DUNDEE DD2 5DA 


PLANT BREEDER (SO/HSO) 
A Plant Breeder is required to / participate 
with a team engaged in breeding raspberries 
and blackberries 





Appoinunent in the grade of Scientific Officer 
(£1590 to £2177 per annum) or Higher Suen- 
ufc Officer (£2,076 10 £2,667 per annum) 
depending on experience FSSU with 
4i per cent additional allowance to offset con- 
inbuuons Candidates should have at Jeast an 
Upper 2nd Class Honours degree in Botany or 
Agricultural Botany 





Further particulars are available from the 
Secretary, to whom applications giving details 
of age, education and experience, together with 
the names of two referees, should be sent by 
Octeber 8 1973 (654) 


THE NATIONAL HOSPITALS FOR 
NERVOUS DISEASES 
QUEEN SQUARE, WCIN 3BG 
JUNIOR TECHNICIAN IN 
PATHOLOGY 


Applications are invited for the above post in a 


routine diagnostic hospital laboratory Minimum 
requirements are 5 “O” Jeveis Day release is given 
for ONC and HNC courses in pathology 
Further snformauon may be obtamed from the 
Chief. Technician on 01-837 3611, extension 41 


(684) 


GUY'S HOSPITAL MEDICAL 
SCHOOL 


Department oi Physics 
RESEARCH ASSISTANT 


required to work on a project in Biomechanics 
in collaboration with the Department of 
Anatomy Some knowledge of electronics 
would be an advantage Registration for Ph D 
would be possible Salary will be m the range 
£1,419 to £1833 per annum 

This 15 an interesting post with good oppor- 
tunities 

Applicauons, with curnculum — vitae and 
names of two referees, should be sent to the 
Secretary, Guys Hospital Medical School, 
London Bridge, SE! 9RT, quoung Ref AP 


(650) 


UNIVERSITY OF SUSSEX 


SCHOOL OF BIOLOGICAL 
SCIENCES 


CHIEF TECHNICIAN 
GRADE 6 


t 


£2,229 io £2715 per annum (under review) 
to be in charge of four undergraduate teaching 
laboratories 


The successful applicant will be responsible 
for the organization and administration of the 
laboratories and supervision of technical staff 


Required to commence as soon as possible 


Hohday 16 days per annum, plus University 
closures at Christmas and Easter 


Minimum qualificauons HNC or Final City 
and Guilds Candidates should normally be 
expected to have at least 10 years’ relevant 
laboratory experience 


The closing date for apphcations ts Friday, 
September 28th, 1973, and should be sent in 
writing quoting the names of two referees, to 
the Laboratory Superintendent School of Bio- 
logical Sciences, University of Sussex, Falmer, 
Bnghton BN1 9QG (644) 
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UNIVERSITY OF OXFORD 


LABORATORY OF MOLECULAR 
BIOPHYSICS 


Applications are invited from candidates with 
at least an upper second class honours degree 
in science for a RESEARCH STUDENTSHIP 
from the Arthritis and Rheumatism Council, 
tenable in this Laboratory for three years from 
October 1973 The Research Student would 


Join a group investigating the structure and 
properties of connective tissue with a view to 


medical applications The particular project of 
the Student would be a structural study of 
calcification of connective tssue and the 
development of bone Salary £675 per annum 
plus college fees 
Applications to Prof D C Phillips, FRS, 
Laboratory of Molecular Biophysics, Zoology 
Department, South Parks Road, MOI iy 
5 


TECHNICIAN 


Applications are invited for the post of technician 
in the Oiled Seabird Research Unit in the Depart- 
ment of Zoology to assist with research into the 
rehabilitation and diet of oiled seabirds Applicants 
should have previous experience involving care and 
handling of birds, hold a current driving licence, 
and possession of at least a General Degree in a 
science subject is desirable Familiarity with bio- 
chemical assay techniques would also be valuable 
The vacancy is for one year in the first instance and 
the successful applicant will be expected to take up 
the appointment as soon as possible 

The starting salary will be at an appropriate point 
on the Grade 3 salary scale, £1,539 to £1,794 per 
annum (Under review ) 

Applications in writing giving age, qualifications 
and relevant expericnce and the name of one referee, 
should reach the Scientific Director, Oiled Seabirds 
Research Unit, Department of Zoology, The Uni- 
versity, Newcastle upon Tyne NE1 7RU by September 
14, 1973 (643) 





UNIVERSITY OF LONDON 


IMPERIAL COLLEGE OF SCIENCE 
AND TECHNOLOGY 
DEPARTMENT OF BIOCHEMISTRY 


The Senate invite applications for a Chair in the 
Department of Biochemistry at Imperial College 
The Chair will be either in the field of Physiological 
Biochemistry (the Rank Chair of Physiological Bio- 
chemustry), or in the field of Chemical Microbiology 
It is the intention of the College that the person 
appointed will be Head of the Department for an 
initial period of five years 

Intal salary to be agreed but not less than 
£5,625 a year plus £162 London Allowance 

‘Applications (10 copies) must be received not later 
than October 19, 1973 by the Academic Registrar 
(ND, University of London, Senate House, WCIE 
7HU, from whom further paruculars about the 
Department and its two Chairs may be ere 

) 


UNIVERSITY OF GLASGOW ` 


DEPARTMENTS OF BOTANY AND 
OHEMISTRY 


Applications are invited from chemists, botanists 
or brochemists for a post-doctoral research post, 
Supported by the Agricultural Research Council, for 
studies of the role of sterols in flowering processes 
in Crucifer species The project involves extensive 
use of chromatographic methods, notably liquid-gel 
techniques and gas chromatography-mass spectro- 
metry 

The initial salary will be within the range £1,929 
to £2,223 per annum, with F S S U 

Further details may be obtained from either Dr 

A Knights (Department of Botany) or 
Dr C J W Brooks (Department of Chemistry), 
The University of Glasgow, Glasgow G12 8QQ In 
reply please quote Ref No 3350M (628) 





UNIVERSITY OF BRISTOL 


RESEARCH UNIT FOR 
COMPARATIVE ANIMAL 
RESPIRATION 


TEMPORARY RESEARCH TECHNICIAN 
GRADE 5 required for work concerned with 
the physiology and ultrastructure of fish respira- 
tory organs Good knowledge of electronics 
Particularly valuable Previous experience in 
biological work, although desirable, 1s not 
essential The successful applicant will be con- 
cerned with the design and construction of 
electronic apparatus used in the project Salary 
in the range £1,881 to £2,241 per annum 

Applications, giving full particulars of qual- 
fications and experience, together with the 
names of two referees, should be sent to 
Professor G M Hughes, Research Unit for 
Comparative Animal Respiration, The Univer- 
sity, Woodland Road, Bristol BS8 1UG, as 
soon as possible (632) 








CSIRO 


AUSTRALIA 


CENTRAL INFORMATION, 
LIBRARY AND 
EDITORIAL SECTION 


APPOINTMENT OF 
OFFICER-IN-CHARGE 


The Executive of the Commonwealth Scientific and Industrial Research Organization 
invites applications for the position of Officer-in-Charge of the newly formed Central 
Information, Library and Editorial Section. The functions of the Section, as set out below, 
are to be developed to include research in related fields 


CSIRO, a Government instrumentality, is the largest scientific research organization 
in Australia Its research embraces a wide range of scientific and technological activities 
directed to the advancement of Australia's primary and secondary industries and to the 
maintenance and development of Australia’s resources The Organization’s total 
annual budget is in excess of $A80 million and it has a total staff of 6,500 located in 
laboratories and field stations throughout Australia 


CSIRO's statutory functions include a broad cross-section of “information science” 
and what has been described recently as "informatics", the collection, processing, 
retrieval and dissemination of information related to secintific and technical matters 
and the publication of scientific and technical reports, periodicals and papers The 
Organization has a substantial Itbrary and information service based in Melbourne, 
and decentralized operating groups in each of its major laboratories It also has a group 
in Melbourne concerned with editorial and publication services 


The central library and information services are concerned primarily with meeting 
the needs of CSIRO's scientific staff, but also assist in the application of research for the 
Australian community by the dissemination of scientific and technical information 


The collected library holdings located at the Central Library and research centres total 
in excess of one million volumes excluding pamphlets and material held in microform 
The largest and most important segment of the collection is 20,000 serial titles In 
addition to library and translation services, the Central Library and Information Service 
provide current awareness, SDI and other information services based on a number of 
International computer-based abstracting services and on CSIRO research work 


The Editorial and Publications Services publishes the eight Australian Journals of 
e Scientific Research, as well as a variety of other scientific and technical publications 
It has extensive printing facilities 


It has been decided that these activities should be regrouped into one Section comprising 
the existing three major operational units headed by the Manager, Information Service, 
the Chief Librarian and the Editor-in-Chief fn addition to its operational activities, 
the new Section will undertake research into aspects of information storage, retrieval 
and dissemination necessary to improve the accessibility and use of scientific and tech- 
nical knowledge 


The appointee will be responsible to the CSIRO Executive for the co-ordination and 
development of these operational units, for the development, planning and carrying 
out of a research programme and for liaison with interactive bodies in Australia and 
overseas having similar interests 


The staff of the new Section, totalling approximately 130, including librarians, scientists, 
editors, information officers and general support staff, could be expanded to include 
research scientists The Section has access as required to an Australia-wide computing 
network centred on a CYBER 76 operated by the Organization’s Division of Computing 


Research 


Applicants for the position of Officer-in-Charge should have had proven research 
experience tn information science or a scientific discipline related to the Organization's 
overall scientific programmes and preferably experience in at least one of the broad 
areas encompassed by the Section 


Appointments to thedrganization are normally made for an indefinite period However, 
tenure for this position ts subject to negotiation Salary for the position will not be 
less than $A18,175 per annum, both salaries are currently under review 


Persons interested in*the position should write to the Secretary (Administration), 
Head Office, CSIRO, P.O. Box 225, Dickson, Canberra, A C.T., Australia, 
2602, from whom further details can be obtained e 


Applications should contain a résumé of qualifications and $xperience, the names of 
at least two professional referees, and should be received at the above address by the 


30th November, 1973. 2 
(704) 
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The International Journal 
BIOCHIMICA ET BIOPHYSICA ACTA 
requues a BIOCHEMIST as an 


EDITORIAL SECRETARY 


to work at the offices of the Editorial Secretariat in 
Amsterdam, The Netherlands 


Biochimica et Biophysica Acta ıs a leading journal for 
the publication of research contributions ın biochemistry 
It has an international Editorial Board whose task it 1s 
to evaluate the merits of submitted papers and determine 


their acceptability 


The Editonal Secretariat is an office for the receipt and 
handling of submitted papers and for the assistance of 


Editors 


The Editorial Secretaries send out new papers 


to Editors, analyse the editorial reports, compose letters 
to authors (frequently in consultation with the Managing 
Editors), and give instructions for the subediting of 
accepted manuscripts 


Correspondence with Authors and Editors would give 
the opportunity of gaining a broad acquaintance with 
current developments in the life sciences 


Applicants are sought (preferably under 30) who have 
some experience of research 1n biochemistry (preferably 
to Ph D level) but who are willing to forsake benchwork 
for a career in the academic side of publishing A high 
standard of English is essential 


The Elsevier Scientific Publishng Company—to which 
the Editorial Secretariat 1s attached— provides congenial 
working conditions and operates bonus and contributory 


pension schemes 


Please write, giving details of training and experience, to 
The Personnel Manager, Elsevier Scientific. Publishing 
Company, P.O. Box 2400, Amsterdam, The Netherlands. * 
Suitable candidates will be given the opportunity of an 
interview in Amsterdam 


MASSEY UNIVERSITY 
PALMERSTON NORTH, NEW ZEALAND 


MICROBIOLOGY 


Applications are invited for the position of 
LECTURER-SENIOR LECTURER IN FOOD 
MICROBIOLOGY im the department of Food Tech- 
nology 

The appointee will be responsible for teaching the 
principles and the application of Food Microbiology 
at the undergraduate and postgraduate level He 
will be encouraged to ‘ake an interest in research 
projects within the department and to develop an 
appropriate research area 

Applicants should be suitably qualified in Micro- 
biology or Food Science, preferably with a higher 
degree Experience in applied microbiology would be 
an advantage 

Appointment will be on the Lecturer-Senior Lec- 
turere scale according to qualifications and experi- 
ence 

Salary Senior Lecturer $NZ7,633 to $NZ8,997 to 
$NZ9,813 , Lecturer $NZ5,862 to $NZ7,497 (increases 
pending) $NZ to £1=184 (approximately), $US 
to $NZ=1 35 (approximately) . 

Further details of the position and of the Univer- 
sity together with general conditiong of appointment, 
may be obtained from the Secretary-General, Asso- 
ciation of Commfonwealth Universities (Appts), 36 
Gordon Square, London WCIH QPF, or from the 
Registrar of the University (716) 

Applications close on October 31, 1973 


(708) 





UNIVERSITY OF HONG KONG 
CHAIR OF BOTANY 


Applications are invited for the Chair of Botany 
which will fall vacant following the resignation of 
Professor L B Thrower 

Annual salary (superannuable) will be within the 
professorial range and not less than HK$91,800 At 
the ume of issue, the rate of exchange 1s £l— 
HKS12 80 approximately 

Further particulars and application forms may be 
obtained from the Secretary-General, Association of 
Commonwealth Universities (Appts), 36 Gordon 
Square, London WCIH OPF, or the Secretary to 
the Council, University of Hong Kong 

Closing date for applications ıs October 31, 1973. 

(718) 





WRITILE AGRICULTURAL 
OGLLEGE 
CHELMSFORD CM1 3RR, ESSEX 
EXPERIMENTAL ASSISTANT/ 
CROP PRODUCTION TECHNICIAN 


‘Applications are invited from persons holding rele- 
vant degree or diploma for the above post 

Salary scale £1,644 to £1,926 per annum 

Application form and further details available from 
the Principal (679) 


UNIVERSITY OF IBADAN 
NIGERIA 


Applications are invited for the following posts 
SENIOR LECTURERS/LECIURERS IN DE- 
PARTMENT OF GEOGRAPHY Applicants should 
posséss special interest and qualifications in the 
following fields Regional Planning, Climatology, 
Geomorphology, Theoretical and Quantitative Geo- 
graphy , Cartography n 

IDBBARTMENT OF ANIMAL  SCIENCE— 
LECTURER IN AGRICULTURAL BIOCHEMISTRY 
AND NUTRITION (with particular reference to 
Protein. Quality), LECTURER IN HEAT TECH- 
NOLOGY AND PROCESSING LECTURER IN 
ANIMAL BREEDING LECTURER IN ANIMAL 
REPRODUCTIVE PHYSIOLOGY LECTURER IN 
DAIRY MICROBIOLOGY Appointees will be 
required, amongst other things, to participate in the 
teaching of the relevant subject to the Special and 
General Honours Degree of BSc (Agric) and to 
DVM students and to supervise postgraduate 
students working towards the M Sc and PhD in 
these subjects under the general direction of the 
Head of Department They will also be required to 
participate in the research programmes connected 
with those subjects within the overall policy of the 
Department 

TECHNICIAN IN DEPARTMENT OF ANIMAL 
SOIENCE Candidates must hold the City and 
Guilds Diploma of the Institute of Laboratory 
Techrology or AIST In addition to the normal 
basic requirements, appointee 1s expected to have 
considerable laboratory experience and be thoroughly 
familiar with methods and practice of Chemical 
analyses of food and plant materials, he should also 
have ability to operate and maintain the basic 
chemical laboratory instruments and equipment in- 
cluding Auto amino acid Analyser, Spectrophoto- 
meters, Gas Chromatographs, Atomic Absorption 
spectrophotometers etc 

Salary scales Senior Lecturer N5,030 to N5,750 
per annum Lecturer N2 760 to N4830 per annum 
Technician N2,140 to N3,060 per annum (£1 sterling= 
N164) The British Expatriates Supplementation 
Scheme 1s unlikely to be applied to thts appointment 
Family passages various allowances, superannuation 
Scheme, biennial overseas leave 

Detailed applications (2 copies), including a 
curriculum vitae and naming three referees, should 
be sent by amail not later than October 10 1973, 
to the Registrar, University of Ibadan, Ibadan, 
Nigeria Applicants resident in U K should also send 
one copy to Inter-University Council, 90/91 Totten- 
ham Court Road, London WIP ODT Further par- 
uculars may be obtained from either address (635) 


UNIVERSITY OF IBADAN 
NIGERIA 


Applications are invited for the following posts in 
DEPARTMENT OF PHARMACOLOGY 

(a) LECTURER (Consultant) Applicants should 
be graduates in Medicine with postgraduate clinical 
experience, preferably in Internal Medicine, Paedi- 
atrics or Anaesthetics Possession of a recognised 
postgraduate diploma in any of these would be an 
advantage Applicants should also have postgraduate 
experience in basic Pharmacology Duties of 
appointee will include teaching of Pharmacology and 
Therapeutics at both undergraduate and postgraduate 
levels He will be given an honorary consultant 
appointment im the University College Hospital, 
Ibadan and will be able to do limited clinical 
practice m collaboration with the staff of the 
Department of Medicine of the Hospital 

(b TECHNICIAN Applicants must show evi- 
dence of a good general education as well as 
AMIST with specialization in Physiology/Pharma- 
cology techniques with relevant experience 

Salary scales (a) N4,880 to N5,800 per annum 
(b) N2,140 to N3,060 per annum (£1 sterling=N1,64) 
The British Expatriates Supplementation Scheme 1s 
unlikely to be applied to these appointments Family 
passages , various allowances , superannuation scheme , 
biennial overseas leave 

Detailed applications (2 copies), including a 
curriculum vitae and naming three referees, should 
be sent by air mail, not later than October 10, 1973 
to the Registrar, University of Ibadan Ibadan 
Nigera Applicants resident in U K should also send 
one copy to Inter-University Council, 90/91 Totten- 
ham Court Road, London WIP ODT Further par- 
ticulars may be obtained from either address (634) 


Applications are invited for the following position 
SENIOR LECTURER IN ANIMAL 
ECOLOGY 


Duties To work on ecology of mammals, prefer- 
ably on dynamics of populations (the exact nature 
of research will be subject to discussion) and on the 
instruction of students taking undergraduate or post- 
graduate degrees at the Faculty of Science of the 
University 

Qualifications Post-doctoral 
equivalent experience Knowledge of vertebrate 
taxonomy is desirable Knowledge of Spanish 
language 1s useful but not indispensable 

Salary Salary payable up to US $12,500 per 
annum depending on qualifications and experience 

Passages Fares for appointee and his wife 

Applications Detailed applications (2 copies) in 
cluding curriculum vitae and naming 3 referees A 
short expression of current interest in teaching and 
research should be sent, as soon as possible, to Dr 
Pedro Salinas, Departamento de Biologia Facultad 
de Ciencias, Universidad de Los Andes, Mérida, 
Venezuela (673) 
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VACANCY OF RESEARCH UNIT OF 
“L'INSTITUT NATIONAL DE LA 
SANTE ET DE LA RECHERCHE 

MEDICALE” 


The Direction of a Research Unit im Psychology 
of Childhood, located in Montpelher (France) will 
be vacant on January 1, 1974 

Candidates of any nattonaliy can apply 

Application forms can be obtamed from Institut 
National de Ja Sante et de la Recherche Medicale, 
3 Rue Léon Bonnat, 75782 Pars Cedex 16, c/o 


Madame Laurent 
Date hmi November 30, 


UNIVERSITY OF GLASGOW 
RESEARCH ASSISTANT 
DEPARTMENT OF NBUROLOGY 


Applicanons are invited for a Research Assistant- 
sbip sn the University Department of Neurology of 
the Insttute of Neurological Sciences, Southern 
General Hospital, Glasgow The award 1s for one 
or two years initially, the salary will depend upon 
the experience of the successful applicant, who may 
apply for permission to read for a higher degree 
of the University of Glasgow (MSc or PhD) 

The holder wil work upon the problems of 
autonomic nervous system function and also bio- 
chemical and physiological changes associated with 
exerce Apphcants should have relevant quahfica- 
nons and candidates who have graduated in 1973 
will be considered 

Applications, giving details of qualifications and 
experience together with the names of two referees, 
should be sent to Dr R H Johnson University 
Department of Neurology, Insutute of Neurological 
Sciences, Southern General Hospnal, Glasgow G51 


4TF 
In reply please quote Ref No 3348M 


1973 677) 





(627) 





ROYAL VETERINARY COLLEGE 
University of London 


DEPARTMENT OF PATHOLOGY 


Applications are invited for the post of 
VIROLOGIST to undertake research on infection of 
pigs by the cytomegalovirus of anciusion-body 
tumus Preference will be given to applicants with 
a higher degree and an interest ım the unmunology 
of persistent virus infections Good faclises are 
avadable, including a supply of germ-free piglets 

The appomtment is financed by a grant from the 
Agricultural Research Council and salary will be m 
the Lecturer scale imual maximum £3,036 per annum 
including London Allowance Superannuation under 
FSSU 

Apphcation forms and further details avaiable 
from the Secretary (N), Tbe Royal Vetermary Col- 
lege, Royal College Street, London NWI an 





ROYAL VETERINARY COLLEGE 
University of London 


DEPARTMENT OF PATHOLOGY 


Applications are invited for the post of 
VIROLOGIST : a project supported by the Horse- 
race Betting Levy Board The appomtee will be re- 
quired to participate im  investiganons of the 
aetiology, epidemiology and mmunology of equine 
respiratory virus infections Preference wil be given 
to applicants who have postgraduate experience in 
the apphcanon of smmunological techniques to 
studies of virus infections 

Salary i the Lecturer scale, up to £2,718 per 
annum including London Allowance Superannuation 
under FSSU 

Appheation forms and further details avaiable 
from the Secretary (N), The Royal Veterinary Col- 
lege Royal College Street, London NWI ae dim 





UNIVERSITY OF SYDNEY 


LECTURESHIP IN AGRICULTURAL 
CHEMISTRY 


Apphcants should have trammg in Agricultural 
Chemistry or in Biochemistry and Chemistry The 
University will be especially ;nterested in plant bio- 
chemists with experience jn enzymology and carbo- 
hydrate metabolism and preference will be given to 
applicants who wish to work on carbohydrate 
metabolism and its regulation on plant tissues The 
appointment will be available from January 1, 1974 

The position advertised 15 permanent but m appro- 
priate cases an initial three-year appointment may 
be made with possibility thereafter of permanency 
Or in certam cases return fares 

Salary range $A8,698 to $411,982 per annum 

Applications, including curriculum vitae, hst of 
publications and names of three referees by October 
2, 1973, to the Registrar, University of Sydney, 
NSW 2006 Australia, from whom further m- 
Cormanin 4s available 

niormation about conditions o 
apphcation procedure available fon PReoouten of 
Sauer nwenhh Universities (Appts), 36 Gordon 

on WCIH OPF (715) 











SCIENCE RESEARCH COUNCIL 


UK 48-inch Schmidt 
Telescope Project, Edinburgh 


PHOTOGRAPHIC PLATE LIBRARY 


The 48-inch Schmidt Telescope, situated in New South Wales, 
Australia, will, yn conjunction with the European Southern 
Observatory, carry out a multi-waveband survey of the Southern Sky. 
Photographic plates of the survey (some three thousand 1n all) will 

be copied at ESO's laboratory in Geneva and sent, together with the 
original plates, to the Royal Observatory Edinburgh for measurement 
on the GALAXY automatic measuring machine. 


There 1s a vacancy for a memeber of the project team to take 
responsibility for the handling and safe keeping of photographic 
plates, associated documentation, assistance to visiting research 
astronomers on the use of the plates and measuring facilities and for 
interrelating these tasks with the work of the GALAXY team 


Applicants should hold an HNC or 


degree in an appropriate subject. 


Starting salary will be assessed actording to age, qualifications and 
experience within the range of £1,318-2,667, 

Application forms, which should be returned by 5th October, 1973, 
are obtainable from Mass P Notcutt, Science Research Council, 
197-213 Oxford Street, London W1 (Tel 437 9183 ext. 28) 


(700) 








THE WELSH NATIONAL SCHOOL OF MEDICINE 
(University of Wales) 
DEPARTMENT OF MEDICINE 


TECHNICIAN 


required in the newborn screenmg laboratory 
Department The laboratory is responsible for 


of the Medical Genetics Section of the abave 
the screening of all newborn children m Wales 


for phenylketonuria and other mherned metabolic diseases using chromatograpinc methods, and 


for the detailed mvestigation and follow up of patients 


Opportunies exist for participation. 


i the research work of the department into inborn errors of metabobsm 


Salary on the scale £1,335-£2,154 


Apphcation forms available from The Registrar, Welsh National School of Medicme, Heath 
ePark, Cardiff, to whom they should be returned by September 21, 1973 (675) 


UNIVERSITY OF CAPE TOWN 


PERMANENT DEAN 
FACULTY OF SCIENCE 


Applications are mvited for the post of permanent 
Dean in the Faculty of Science which 3s vacant from 
January 1, 1974 

The salary scale is R8,100 by R300 to R9,900 
per annum, plus pensionable allowance of 15 per 
cent 

The Dean will represent the Faculty of Science on 
Senate and be responsible for the general admim- 
stration of the Faculty 

It ss expected that the Dean will be an experienced 
academic scientist who will contnue to engage 
actively in research, and/or to participate in the 
teaching of his particular scientific discipline 

Applicants should submit a curriculum vitae giving 
the names and addresses of three referees (preferably 
persons with knowledge of the applicant's qualsfica- 
tions and experience) whom the University may 
consult 

Two comes of the application should reach the 
Secretary-General, .Associatiog of Commonwealth 
Universities (Appts), 36 Gordon Square, London 
WCIH OPF (from whom memoranda giving the 
corditions of service, including transport expenses on 
appointment, and formaton en the work of the 
Department may be obtamed), not later than 
December 1, 1973 A third copy of the application 
should be sent direct by aumail to the Registrar, 
University of Cape Town, Prfate Bag, Rondebosch, 
Cape Town South Africa, by the same date 

Appointment will be subject to a Satisfactory 
medical examination 

The University reserves the right to appoint a 
person other than one of the applicants, or to make 
no appointment (720) 





UNIVERSITY OF 
NEWCASTLE UPON TYNE 


THE MEDICAL SCHOOL 
JUNIOR RESEARCH ASSOCIATE 


Applications are invited from graduates with a 
good Honours Degree in Biochemistry or Cell 
Biology for a Jumor Research Associateship im cancer 
research Some previous experience m tissue cultural 
techniques 1s essential for this post which offers 
training in most branches of cancer research The 
successful candidate will jo: a cancer research group 
under the direction of Professor A Latner 
Excellent opportunites ate available for research 
leading to a higher degree The appointment will be 
for one year m the first instance but renewable up 
to three years in all Salary on the scale £1,236 to 
£1,476 per annum (scale at present under review) 

Applications giving tbe names of two referees 
should be sent as soon as possible to Professor ^ L 
Latner, Director, B EC C Cancer Research Unit, 
Department of Clinical Biochenustry, Royal Victori 


Infrmary, Newcastle upon Tyne NEI 4LP 
(688) 





UNIVERSITY OF ABERDEEN 
THIRD CHAIR OF GEOLOGY 


Applacations are invited for thus newly created 
Chair, which wilf carry parucular responsibility fol 
teaching and research in petroleum geology anc 
related subjects *Recent practical experience withy 
the oil industry would be an advayage 
y bri particulars from the Secretary, The Uni 

bin Aberdeen, ‘with whom apphcations (6 copies 

uld be lodged by October 15, 1973 (702) 


XXIV 


PLANT PHYSIOLOGIST 


Our Lenton Research Station, situated in rural 
surroundings on the outskirts of Nottingham, 
undertakes fundamental and applied research 
projects of international importance in Agriculture 
and Horticulture 


A graduate is required to join a multi-disciplinary 
team engaged in the discovery and evaluation of 
compounds with novel modes of action as herbicides 
and plant growth regulants 


Applications are invited from men possessing 
good honours degrees in botany or bio-chemistry 
preferably with relevant postgraduate experience 
in plant physiology leading to a higher degree 


This is a senior appointment and prospects for 
career-development are good within our progressive 
organisation 


Benefits include a profit sharing scheme and 
contributory pension schemes, Some help with 
relocation expenses will be granted in appropriate 
cases 


Please write, giving brief details of age, qualifica- 
tions and experience to 


J F Pattison, 

The Boots Company Ltd, 
Employment Services, 
Station Street, 
Nottingham 
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INSTITUTE FOR GENETICS 
UNIVERSITY OF COLOGNE 


Within the Sonderforschungsbereich 74—* Mole- 
cular Biology of the Celi ''~~a position is open for a 
Senior Biologist to organize an independent research 
group within the Department of Immunology 

Since we are inierested in introducing new aspects 
of research to those currently covered in the Depart- 
ment of Immunology (K Raiewsky, K  Echmann 
T-Lymphocytes, Ir-Genetics, differentiation antigens, 
m vitro differentiation of teratoma cells, idiotypy, 
antibody diversity), we are inviting apphcants to 
pursue their own project within the field of Bio- 
logy of Higher Organisms Applicants should be 
sufficiently expersenced to conduct their research 
independently 

We offer a contract for an initial period of 3 years 
with the possibility of extension for 2 more years 
The salary ts that of an associate professor Labora- 
tory space and an mdependent budget for personal 
and operating expenses are provided 

Applications including 2 project proposal should be 
sent to the speaker of the SFB 74 Professor Dr P 
Starlinger, Insutute for Genetics, 5 Koln 41, Weyertal 
121, W Germany, before December 31, D) 





RACECOURSE SECURITY 
SERVICES' LABORATORIES 
HAVE TWO VACANCIES FOR 


CHEMISTS/BIOCHEMISTS 


to study the detection and identification of drugs 
m horse body fuds Candidates should hold a 
good degree m chemrstry/biochemustry or equivalent 
qualification Experience m chemical toxicology or 
pharmaceuncal chemistry would be advantageous 
For one post graded Scientific Officer/Higher Scien- 
ufic Officez/Semor Smentifice Officer depending upon 
the usual factors, practical experience of mass 
spectrometry is essential The other post ıs graded 
Scienufic Officer 

Salary Scientific Officer £1,384 by £12 to 
£2,286, Higher Scientific Officer, £2,180 by £7 to 
£2,800 and Senior Scientific Officer, £2,746 by £8 
to £3,822 Contributory superannuation scheme 
Possibility of studying for 2 higher degree and 
publication cf scientific work 1s encouraged 

Applications with curnculum vitae and the names 
and addresses of two referees to, and further details 
from, the Director, Racecourse Security Services’ 
Laboratories, PO Box 15, Snadwell Road, New- 
market, Saffolk CB8 7DT (697) 


Have you the qualities for 


Scientific Management Consultancy? 


Pharmaceutical Recruitment 


Talentmark is a consultancy specialising in recruitment for 
the pharmaceutical and health care industnes, notably in the 
scientific, medical and marketing fields. Although still small, 
in our two years of existence we have risen to become 
probably the foremost specialist consultancy in our field of 
operations tn the UK 


We now seek to recrutt a well-qualified hfe sciences 
graduate to join our existing team — a graduate who has 
proven research abilities but who would now like to apply 
his scientific capabilities away from the research bench 


After initial training in consultancy procedures, he will be 
concerned in the recruttment of chemists, biochemists, 
pharmacists, pharmacologists, toxiocologists, pathologists 
and other scientific staff, possibly including physicians His 
day-to-day activities will include 


€ Liaison with senior staff of client companies 


€ Authoritative discussion of scientific recruitment problems , 


€ Preparation of reports and recommendations 


e Composition of honest but attractive advertisements te 


of candidates è 


h D level scientist, 
gus practical 


e intomewng and selection 


own US wall be a P 


T 
My th Wis and dn aot Y oon 


vii TU 


The man we seek to | 


£3000-£5000 


a warmth of personality and a professionalism of approach, 
a flair for judging people and assessing situations, a facility 
for succinct and accurate expression, attentiveness to nuance 
and detail, and a positive attitude towards entering an 
entrepreneurial environment where individual performance 
ts of paramount importance 


This appointment ts a key one in our growth, and we offer a 
starting salary within the range £3000 — £5000 according to 
experience and personal qualites, together with the 
opportunity of a Board appointment within two years on 
merit 


Please apply in writing, explaining why you feel you are the 
man for this appointment, and how you meet our require- 
ments If you would like to talk further before applying, 
please ‘phone 


A E F Chandler, MA, PhD,DIC,MI Biol, 
Managing Director, Talentmark Limited, 

King House, 11 Westbourne Grove, 

London W2 4UA Tel 01-229 2266 


All communications will be treated in strict confidence 


Talen tmark 


Biomedical and ntm marr 





UY 


ELA 
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UNIVERSITY OF NEW ENGLAND 
ARMIDALE, NEW SOUTH WALES 


LECTURERS (3 POSITIONS) 


DEPARTMENT OF NATURAL 
RESOURCES 


Applications are invited for three Jecturing posi- 
uons in the Department of Natural Resources This 
Department ts the core department of the School 
of Natural Resources, which offers professional 
courses in natural resource management at under- 
graduate and postgraduate levels Major options are 
available in the broad areas of water and sou re- 
sources, biological resources and applied ecology, and 
land use planning and management In all courses 
special emphasis 15 placed on an integrated approach 
to resource management based on ecosystem con- 
cepts 

The appointees will be required 10 assist im the 
teaching, reseacch and administrative programme of 
the Department at undergraduate and postgraduate 
levels One appoimtee will have special responsi- 
bilities in a new snter-disciplinary course, Environ- 
mental Studies I, to be taught jointly with the 
Department of Geography and offered to students 
in the Faculties of Arts, Econome Studies and 
Science 

Applications are invited from graduates having 
special qualifications and experience m apphed 
ecology and ecosystem analysis, land use planning 
and management, wildlfe and wildland management, 
Or water resource management including — water 
quality and aquatic biology Candidates should hold 
a professional degree 1n a resource management field 
such as agriculture, forestry or engineering together 
with a higher degree, or hold a science degree with 
postgraduate qualifications and experience in applied 
ecology or resource management 

Salary $48,698 to $A11,982 per annum 

The appointee to Environmental Studies will be 
required to take up duties as soon as possible The 
other appointments will be from January 5, 1974, 
or as soon thereafter as possible 

Conditions include provision for travel and re~ 
moval expenses, superannuation, and assistance in 
buying or buldmg a home 

Further information may be obtained from the 
Association of Commonwealth Universities (Appts ), 
36 Gordon Square, London WOIH OPF 

Applications close on September 28, 1973 


ee AUSTRALIAN NATIONAL 


UNIVERSITY 


Applications are invited for the following 
JOHN CURTIN SCHOOL 
OF MEDICAL RESEARCH 


RESEARCH FELLOW /FELLOW IN 
NEUROPHARMACOLOGY 


Appointment will be m the Deparument of Pharma- 
cology (Head Professor D R Curts, FAA) to 
work in the field of neuropharmacology Applicants 
will be expected to have had considerable research 
experience m mucroelectrophoretic methods for in- 
vestigating central synaptic transmitters at the 
cellular level, and to be familar with the appro- 
priate anatomical, physiological, pharmacological and 
chemical techniques and related — instrumentation 
Closing date September 28, 1973 

SALARIES Salary on appointment wil be in 
accordance with qualifications and experience within 
the ranges Fellow $410,432 to $A14,288 per annum 
(5 by 428, 4 by 429, Research Fellow $A8,689 to 
$411,901 per annum (2 by 641 , 2 by 640, 1 by 64D , 
current exchange rates are approximately $AI 55p 
Sterling SUSI 41 

OTHER CONDITIONS Tenure of appointment 
Fellow for five years in the first instance with the 
possibility of extension to retiring age, Research 
Fellow normally for three years in the first instance 
with the possibility of extension to a maximum of 
five years 

The University provides assistance with housing 
for appointees from outside Canberra Superannua- 
tion ts on the FSSU pattern with supplementary 
benefits 

The University reserves the mght not to make an 
appomtment or to make an appointment by invita- 
tion at any tme 

Further information should be obtamed from the 
Association of Commonwealth Universities. (Appts ), 
36 Gordon Square, London WCIH OPF (722) 


UNIVERSITY OF LIVERPOOL 
CHAIR OF MICROBIOLOGY 


Applications are invited for the Chair of Micro- 
biology in the newly established Department of 
Microbiology in the Faculty of Science 

The salary will be within the range approved for 
full-time professorial appointments and m any case 
will not be less than £5,916 per annum 

Applications (12 copies), together with the names 
of three referees should be received not later than 
October 27, 1973, by the undersigned from whom 
furtber particulars may be obtained (Candidates 
overseas may send one copy only, by airmail) 
Quote Ref RV/N/80460 

H H BURCHNALL, 
Registrar 





The University 
PO Box 147, 


Liverpool L69 3BX (698) 


RUKSUNIVERSITEIT 
GRONINGEN 


UNIVERSITY OF GRONINGEN 


Applications are invited for a staff position equivalent to 


ASSISTANT 


PROFESSOR 


in protein X-ray crystallography at the Laboratory of 
Structural Chemistry, State University, Groningen, The 


Netherlands 


Experience ın protein X-ray crystallography is required 


Salary in the range Dfl 2634,— to Dfl 4651,—a month depend- 
ing on qualifications and experience 


Further information can be obtained from 


Prof ! Drenth, 


Laboratorium voor 


Structuurchemie, 


Zernikelaan, Paddepoel te Groningen (Holland), phone 


050-117100 or 050-11 1254 


Applications with curriculum vitae, list of publications and 
references should be sent to the Head of the Personnel 
Department, State University of Groningen, PO Box 
72 Groningen, no later than the l7th September, 1973 


A n 


UNIVERSITY OF GLASGOW 


A RESEARCH ASSISTANT is required m the 
Department of Cell Biology for werk on the nitrate 
reductase of free-living and symbiouc Rhizobium 
Applicants should have postgraduate experience of 
biochemical and microbiological techniques, and an 
interest im protein purification 

The appomtment is for three years, with a salary 
in the range £1,500 to £2,100, depending upon quaii- 
fications and experience FSSU 

Apphoations, including a curnculum vitae and the 
names of two referees, should be sent to Dr R M 
Daniel, Department of Cell Biology, University of 
Glasgow, Glasgow Gil 6NU In reply please quote 
Ref 3946M (727) 


MOUNT VERNON HOSPITAL 
Northwood, Middlesex HA6 2RN 


Department of Cancer Research 


Appheations are invited for the posts of RE- 
SEARCH ASSISTANT (graduate) and LABORA- 
TORY TECHNICIAN to assist in karyotype studies 
on human tumours and premalignant conditions 
Experience, of chromosome banding and tissue cul- 
ture techniques would be an advantage 

Salanes in accordance with qualifications and ex~ 
penence (Universities and Whitley Council scales 
respectivel < 

Please reply to Secretary, Department of Cancer 
Research (Tel Northwood 26111, Ext 258 ND 





(639) 


ELECTRON MICROSCOPIST 


required in Plant Science. Laboratories, University of 
Reading, to assist in operation and maintenance of 
scanning and trarsmission electron microscopes 
Extensive practical experience necessary in electron 
microscopy and preparative techniques — Applicants 
should have relevant HNC, HND or degree 
Salary in scale £1,881 by £72 to £2,241 per annum 
(Technician Grade 5) 

Apply in writing, quoting Ref TN44, to Assistant 
Bursar (Personnel), University of Reading, White- 
knights, Reading RG6 2AH (596) 


UNIVERSITY OF MANCHESTER 
DEPARTMENT OF PHYSICS 
SENIOR EXPERIMENTAL OFFICER 
OR EXPERIMENTAL OFFICER 


Applications are invited for this post financed 
by an SR C contact The work involves instrü- 
mentauon in High Energy Physics Experience in 
the general field of spark or proportional chambers 
as required and a higher degree in Experimental High 
Energy Physics could be an advantage Salary ranges 
per annum (under review) SEO, £2,238 rising to 
a maximum of £2,892, EO, £1,419 to £2,721 
FSSU 

Particulars and application forms (returnable by 
September 24) from the Registrar, The University, 
Manchester M13 9PL Quote ref TESA INE aks 


PHILIPPS-UNIVERSITAT MARBURG/LAHN 
WEST GERMANY 


The Fachbereich Gępwissenschaften of the Ptulipps-Untversitat Marburg has a vacant 
professorship H 3 (tenure, pension) with emphasis on spectroscopic methods (eg magnetic 


resonance, electron spin resonance, Moessbauer or x-ray spectroscopy) and their application to 


the investigation of corfefais 


Applicants are desired to have documented their interest in 


solving problems of a general geoscientific nature They should be wilhng to cooperate with 
other research groups ig crystallography and to teach i? thew special field 


Applications should be sent to 





Prasident der Philipns-Universwat, D-13$ Virba T dili 
Biegenstrasse 10, West-Germany, before October I, 1973 . 


* (647) 
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Mrs J. Andrews, 
Personnel Officer, 


Taplow, 
Maidenhead, 
Berks. 

SL6 0PH. 


Pathology to participate in the evaluation of new medical substances 
for possible toxicological and teratogenic potential. 


Applicants should have graduated in a biological subject or possess a 
Higher Certificate or Diploma in Applied Biology with appropriate 
experience. New graduates will be considered 


Please apply, with full details to: 


John Wyeth & Brother Limited, 
Huntercombe Lane South, 


BE minium. 


TOXICOLOGISTS 


Toxicologists are required in the Department of Toxicology and 


Wyeth 


ws dd 


 ————— 


UNIVERSITY OF 
NEWCASTLE UPON TYNE 


SCHOOL OF CHEMISTRY 


ELECTROCHEMICAL RESEARCH 
LABORATORY 


Applications are invited. for the post of Research 
Associate to work in the field of organic electro- 
chemical synthesis Candidates should hold a PhD 
or equivalent in chemistry and have experience in 
organic synthesis An interest 1n reaction mechan- 
isms would be an advantage 

The appointment will be initially for one year, 
with the possibility of renewal for a further year 
The starting salary will be on the scale £1,929 to 
£2,058 to £2,223 per annum with FSSU  Curricu- 
lum vitae and the names of two referees should be 
sent to Dr J A Harrnson, School of Chemistry, 
University of Newcastle upon Tyne, Newcastle upon 
Tyne 'NE1 7RU (725) 


UNIVERSITY OF THE 
WITWATERSRAND 
JOHANNESBURG 


Applications are invited for the following posts 

Department of Physicss Senior Lectureship/Lec- 
tureship, one or more Jumor Lectureships The per- 
sons appointed will be required to take part in the 
general teaching and research work of the depart- 
ment The teaching duties of a Junior Lecturer are 
about half those of a Lecturer or Senior Lecturer 
Solid State Physics and Nuclear Physics are the two 
main research interests and applicants should intend 
to pursue research in one cf these two fields Benc- 
fits mclude an annual bonus, pension and medical aid 
facilities and a housing subsidy, if eligible 

Sold State Physics Research Umt—Senior Research 
Fellow Appointments will normally be for a period 
of three years, with a possibility of renewal The 
Fellow will be expected to devote himself full-time 
to research in Solid State Physics under the general 
supervision of the Director and to contribute 6 hours 
a week during term time to the general teaching 


WOK Of {He eparinient of Physics Benefits include 
an annual bonus 

Salary ranges are as follows Senior Lecturer/ 
Senlor Research Fellow R7 215 to R9,515, Lecturer 
R5 320 to R7,935, Tumor Lecturer R4,140 to 


R5,15 ^ 
Takending applicants should obtain the mioma 
tòn gheet relating to these ost trom, L ie Regan, 
University of Witwatersrand, o ah Suus Amon: 
Johannesburg, 9% FO, he 4 -& Gordon Square, 
weal. Gia 


WCIH OPF : 
Le plications close on October 31 1973 


UNIVERSITY COLLEGE 


HOSPITAL MEDICAL SCHOOL 
UNIVERSITY STREET, LONDON WC1 


POST-DOCTORAL RESEARCH ASSISTANT 
required in the Department of Bacteriology for 
research on the structure and function of avian 
viruses with particular reference to the mechanisms 
of vial cytopathology The appointment will 
be for two years, salary in the range of £2,084 
to £2,400 according to qualifications and experience — 
Applications to the Secretary should include detailed 
curriculum vitae and the names of two referees and 
quote reference Bact /R A (692) 


University of Wales Inetitute of Science and Technology 


Department of Applied Biology 


RESEARCH ASSISTANTS 


Applications are invited from graduates 
possessing a PhD or MSc in an ecological 
field for a NERC and Welsh Office spon- 
sored project to examine the ecological impli- 
cations of major land-use developments in 
Wales, with a view to identifying current in- 
adequacies in (a) communication between 
ecologists and planners, and (b) applied 
ecological research An interest in the applica- 
tion of ecology to planning, and a current 
driving licence are essential The posts are 
tenable for two yefrs and the project will be 
jointly supervised by Professor R W Edwards 
(UWIST) and Dr J M Edington of 
Unwversity Colleg®,® Cardiff 


Salary in the range: £1,402 to £1,590. 


Application forms (returnable by September 
28, 1973) from Personnel Section, UWIST, 
Cardiff CPI. 3NU (690) 





UNIVERSITY OF ADELAIDE 


Applications are invited for the following app 
ment SENIOR LECTURER IN ANATOMY / 
HISTOLOGY Registrable medical qualifications 
sirable but not essential The Department tea 
students of medicine, denustry, science, pb 
therapy and occupational therapy — Research f 
are neuro-endocrinology (using  electrophysiolo 
and electron microscopic techniques), human 
comparative neurology, cell biology (including | 
chemistry) experimental embryology and cli 
ana'omy (28973) 

Salary scale Senior Lecturer $A12,268 by 408¢ 
14,308, with superannuation on the FSSU t 
In the Faculty of Medicine special additional a: 
ances are payable for medical qualifications registi 
in South Australia (currently under review) 

Further particulars about this post and the c 
tions of appointment and other information sc 
will be supplied on request to the Registrar of 
University, or to the Secretary-General, Associ 
of Commonwealth Universities. (Appts), 36 Go 
Square, London WCIH OPF 

Applications should be sent in duplicate and g 
the information listed in the statement that wil 


supplicd, to the Registrar, the University 
Adelaide, North Terrace, Adelaide, S 
Australia, 5001 q 





PAPUA NEW GUINEA 
UNIVERSITY OF TECHNOLOG: 


SCHOOL OF ENGINEERING 


DEPARTMENT OF MECHANICA 
ENGINEERING 


PROFESSOR OF MECHANICAL 
ENGINEERING 


Applications are invited for the newly establ 
chair in Mechanical Engineering, tenable 
January, 1974 

The Department of Mechanical Engineering ] 
current establishment of seven teaching staff ai 
housed ın new, well-equipped buildings The De 
ment offers mechanical engineering courses to 
degree standard, and has support teaching restr 
bilities to other existing engineering department 
Chemical Technology, and in future to Agricu 
and possibly Forestry and Mining Engineer 

The successful applicant will be Head ol 
Department He should have some familarity 
the requirements for teaching technological 
plines in a developing country, and preferably 
have such experience He will be require 
mitiate and supervise applied research  prograi 
in areas relevant to the needs of Papua 
Guinea 

Salary $A15805 per annum An allowanc 
$A500 per annum is payable and a marriage a 
ance of $360 per annum is payable where a 
priate The post is superannuable and moder 
campus housing 1s available 

Applications in duphcate should include parti 
of age, nationality, marital status, family if 
qualifications, experience, present post and the n 
and addresses of three referees from whom : 
dential enquiries. may be made 

The University reserves the right to maki 
appointment, or to make an appointment by 1 
tion at any stage 

Applications are required by October 31, 19 

Enquiries and applications marked on the env 
with the title of the post should be forwarde 
the Registrar, Papua New Guinea Universit 
Technology, Box 793, PO, LAE TPNG 

An additional copy should be sent to the As: 
tion of Commonwealth Universities (Appts) 
Gordon Square, London WCIH OPF, from | 
details of conditions of appointment may be 
tained G 


ST THOMAS'S HOSPITAL 
MEDICAL SCHOOL 
LONDON, SEI 


RESEARCH ASSISTANT required in studie 
oestrogen/gonadotrophin interactions ^ Qualific: 
required are a degree or equivalent ın Biocher 
or related subject, and preferably two to three : 
biochemical experience Previous knowledg 
endocrinology advantageous, but not essential $ 
up to £1,800 according to qualifications 

Applications to Dr M G Brush (Gynaec 
Department) iu 





UNIVERSITY OF ABERDEEN 
RESEARCH ASSISTANT IN PHYS 


Applications are invited for the above po 
work involving the scattering of X-rays by | 


vibrations Cancidates should have a degre 
equivalent experience in research or develop 
Experience in making careful measurement: 


handling data, in cryogenics, in electronics, ' 
semiconductors would be an advantage 
appointment 1s for two years in the first ins 
Further extension will depend on the availabil 
research funds Initial salary in the range £1,3 
£1,659 

Further particulars from the Secretary, The 
versity, Aberdeen with whom application 
copies) should be lodged by September 26, T 
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UNIVERSITY OF BRISTOL 


Post-doctoral Research Associate Applica- 
tons are invited from graduates in chemistry 
or biochemistry with an interest in immunology 
to join an active group working on the IgA 
system in man and the domestic species The 


work will entail structural studies on the IgA 
molecule to 


elucidate its relationship to 
mucosal surfaces The project is a joint ven- 
ture between the Departments of Animal 
Husbandry and Human Medicine, University 


of Bristol Salary £2,058 to £2,718 per annum 


Applications, with the names of two referees 
should be sent to the Professor of Animal 
Husbandry, Langford House, Langford, 
Bristol BS18 7DU (693) 


SENIOR TECHNICIAN 
(Grade 5) 


required for small MRC research laboratory to 
assist with biochemical and biological work Applica- 
tons to Dr M Owen or Dr J Triffitt, Bone 
Research Laboratory, Churchill Hospital, Oxford OX3 
7LI Tel 64841, Ext 423 (Salary and conditions on 
University restructured scale, £1,881 to £2241) 
(695) 


UNIVERSITY COLLEGE HOSPITAL 


MEDICAL SCHOOL 
UNIVERSITY STREET, LONDON, WC 1 


RESEAROH TECHNICIAN A graduate or 
technician is required to work in the Department 
of Bacteriology developing serological methods for 
the study of Chlamydia particularly in reference to 
non-specific urethritis Experience in cell culture 
methods would be an advantage Salary £1,461 to 
£1590 appointment for approximately three years — 
Applications to the Secretary should include the 
names of two referees and quote reference Bact / 
Res Tech (691) 





JUNIOR TECHNICIANS 
STATE REGISTERED 
TECHNICIANS 


Haematologists/Histologists, are 
required for post in and around 


especially 
urgently 
London 
Ring or write Liz Robinson, Walbrook 
Appointments, 116 High Holborn, London 
W CI, 01-405 8787/6564 (3) 





FLATFORD MILL FIELD CENTRE 


GRADUATES (females) wanted who would be 
interested in the post of Temporary Help (cooking) 
at Flatford Mill Field Centre whilst searching for 
permanent science appointments Could attend inter- 
views and leave at short notice if necessary Full 
board and lodgmg plus £12 per week Would suit 
two frends Write the Warden, Flatford Mill 
Field Centre, East Bergholt, Suffolk, or telephone 
(reverse charges) East Bergholt (020-629) 283 

(733) 


UNIVERSITY COLLEGE CARDIFF 


Applications are invited for the following 
vacancy 


POSTDOCTORAL FELLOWSHIP 


IN PLANT ULTRASTRUCTURE 
DEPARTMENT OF BOTANY 


Salary range £1,929 to £2,223 Dunes to 
commence as soon as possible Applications, 
together with the names and addresses of two 
referees should be forwarded to the Registrar, 
University College, PO Box 78, Cardiff CF1 
IXL no later than October 5, 1973 Please 
quote 0906 (734) 





UNIVERSITY OF DUNDEE 
RESEARCH ASSISTANTSHIP 


Graduates in Biochemistry or a closely re- 
lated subject are invited 10 apply for a Re- 
search Assistantship for work concerned with the 
changes in DNA and its metabolism after 
ultraviolet irradiation of skin, the ultimate 
aim being to find what relationship exists 
between these changes and the gross skin 
reactions taking place 

The post is financed from a Medical Research 


Council grant and is available for three years 
Opportunities to study for a higher degree 


may be available Salary range £921 to £1,185 
(under review) Informal inquiries may be 
made by telephone to Dr B E Johnson 
(Dundee 21981) 

Applications, containing the names and 
addresses of two referees and quoting Refer- 
ence Est/52/73], should be sent to the Secre- 
tary, The University, Dundee DD1 4HN, not 
later than October 5, 1973 C01) 
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ORDER FORM NATURE 











LONDON WC2A 2ED 


setting( * inches) for 


advertisement 


BOX NO ARE TO APPEAR 
. lines/inches at 
making total cost of £ 


NAME 
ADDRESS 


AGRICULTURAL RESEARCH 
COUNCIL 


UNIT OF MUSCLE 
MECHANISMS & INSECT 
PHYSIOLOGY, OXFORD 


PROTEIN BIOCHEMISTRY 


The Unit has two immediate vacancies for 
biochemical work on the nature and properties 
Of contractile proteins 


1 GRADUATE RESEARCH ASSISTANT 
Academic Grade 3 Salary range £1 491 to 
£2,556 according to qualifications and ex- 
perience (£1,764 to £1,923 for recent Ph D ) 
(under review) 


TECHNICIAN Grade 3 Salary range 
£1,539 to £1,734 (under review) 


Applications. giving. full particulars and the 
names of two referees sbould be sent to Pro- 


fessor I W S Pringle, Department of 
Zoology, Oxford OX1 3PS, before September 
24, 1973 (730) 





NATIONAL MUSEUM OF WALES 
APPOINTMENT OF 
ARCHAEOLOGICAL CONSERVATOR 


Applications are invited from men or women for 
the new post of Archaeological Conservator (Research 
Assistant II) in the Department of Archaeology 
The successful candidate will “work in the existing 
departmental laboratory which 1s, shared with the 
Archaeological Conservator of ‘the Council of 
Museums in Wales but will Re responsible to the 
Keeper of Archaeology Applicants should have 
an appropriate qualification ın conservation, such 
as the University of London Diploma in Conserva- 
tion and particular knowledgeeof casting techniques 
and pottery restoration would be an advantage 

Salary scale £1,384 to £2,286 Contributory 
superannuation Generous leave 

Closing date for applications. September 30, 1973 
Full details from Secretary, National Museum of 
Wales Cardiff CF1 3NP (732) 


To. CLASSIFIED ADVERTISEMENT DEPT, NATURE, 
T G SCOTT & SON LTD, 1 CLEMENT'S INN, 


Please include the following advertisement tn normal/display style 
. *insertions under the heading 


* If display style is wanted, please state required depth of 
11n,2 in, 3 in, etc 


Write or stick your advertisement tn this box 


PLEASE STATE CLEARLY WHETHER NAME AND ADDRESS OR A 


rate (plus Box No at 25p tf required) 





















FELLOWSHIPS AND 
STUDENTSHIPS 


UNIVERSITY OF BRISTOL 


The Department of Bacteriology has a 
vacancy for a two-year RESEARCH 
STUDENTSHIP to investigate the fate of 
bacteria in sewage sludge dumped ın the Bristol 
Channel The appointee will be expected to 
register for a higher degree and must therefore 
Studentship 


have a lst or 2A honours degree 
£825 per annum 


Applications, together with the names of two 


referees should be sent to Professor M H 
Richmond, Department of Bacteriology, Medical 
School, University Walk Bristol BS8 os 


RAMSAY MEMORIAL FELLOWSHIP 
FOR CHEMICAL RESEARCH 


The Trustees will consider in February 1974 appli- 
cations for a British (General) Fellowship, normally 
tenable for two years, for candidates with experience 
of postdoctoral research Value of Fellowship in 
range £1900 to £2,700 per annum, plus expenses 
grant of up to £100 per annum May be super- 
annuable The person elected will normally be 
required to take up Fellowship on or about October 
1, 1974 —Paruculars from Joint Honorary Secretaries 
Ramsay Memorial Fellowships Trust, University 
College London, Gower Street, London WCIE 6BT 
Completed application forms must be received by 
December 3, 1973 (685) 


UNIVERSITY OF SOUTHAMPTON 
DEPARTMENT OF CHEMISTRY 


Applications are invited for a Post-doctoral Fel- 
lowship to work on the application of narrow line 
tunable dye lasers to problems in electronic and 
microwave spectroscopy of small molecules Appl- 
cants with some experience in laser technology will 
be_ preferred 

The afpointment is tenable from October 1, 1973 
for a period up to two years salary commensurate 
with age and expgrience 

Applications including a curriculum vitae and the 
names of two referees should be sdht to Dr J M 
Brown, Departmen, of Chemistry, The University, 
Southampton SO9 SNH Please quote ref nin 








M^ 





GRADUATE IN CHEMISTRY, 
BIOCHEMISTRY OR FOOD 
TECHNOLOGY 


Required by An Foras Taluntais (The Agricultural Institute) for 
approximately 2 years at its Oakpark Research Centre, Carlow, to 
undertake research on pesticide residues in the environment 


Salary up to £3,000 p a, depending on qualifications and experience 
ESSENTIAL (a) An Honours University Degree or equivalent in 


Chemistry, Biochemistry or Food Technology 


(b) Experience in 


gas-liquid chromatography and other analytical techniques — (c) 


Demonstrated research ability 


DESIRABLE A knowledge of 


pesticide chemistry and/or environmental toxicology 


Application form and further particulars from The Personne! Depart- 
ment, An Foras Taluntais, Headquarters, 19 Sandymount Avenue, 


Dublin 4 (693222) 


Latest date for receipt of completed forms Friday 28th 


September, 1973. 


UNIVERSITY OF LIVERPOOL 
DEPARTMENT OF BIOCHEMISTRY 


POST DOCTORAL RESEARCH 
FELLOW 


Apphcatons are invited for tbe above post to 
assist in studies on the role of prenol phosphate 
sugars in the giycosylatian of glycoproteins by 
microsomes of mammalian ussues The project is 
financed by the Medical Research Council with a 
salary scale of £1,919 to £2,223 per annum ‘plus 
FSSU benefits The post is tenable from October 
1, 1973 and is for three years 

Applications stating age, academic qualifications 
and expenence, together with the names of two 
referees should be sent as soon as possible to The 
Registrar, The University, PO Box 147, Liverpool 
L69 3BX Quote ref RV/N/80446 (533) 


BRUNEL UNIVERSITY 
PHYSICS DEPARTMENT 


Research Studentship 
in 
Macromolecular 


Physics 


A vacancy exists for a research student to 
develop the use of a novel electro-optical 
method for studying macromolecules and ther 
associations to form gels The project involves 
measuring the change in scattered light when 
molecular solutions are subjected 10 electric 
fields 


The studentship is a CAPS award (in con- 
jiunchon with Laporte Industries Ltd) and 3s 
subject to SRC conditions Applicants should 
have an upper second (or equivalent) degree 
in Physics, Chemistry, or a related tope and 
should apply to the following before September 
24, 1973 Dr B Jennings, Phygics Department, 
^Brunel Uniwersity, Uxbrydge (626) 


s 


(736) 





HERIOT-WATT UNIVERSITY 
DEPARTMENT OF CHEMISTRY 


SRC (CASE) STUDENTSHIP 


A Studentship is avaiable for work on 
molecular and  photo-chemucal studies of 
selected reacuons of anthraqumone derivatives 
in liaison with ICI Lid Organics Division 
The work wall be concerned chiefly with prac- 
ucal anvesugations of such reactions, but 


attempts to correlate the results with theoretical 
predictions will also involve the use of com- 
puter programs for molecular-orbital calcula- 
tions 


The successful candidate will be expected to 
register for the degree of Ph D 


Application forms and further mformation 
may be obtained from Dr J A Hunter, 
Department of Chemistry, Heriot-Watt Uni- 
versity, Chambers Street, Edinburgh EH1 YHX 


(630) 


UNIVERSITY OF MANCHESTER 
INSTITUTE OF SCIENCE AND 
TECHNOLOGY 


CORROSION AND PROTECTION 
CENTRE 


RESEARCH STUDENTSHIP 


Applications are invited from scientists and 
engineers, with a degree or equivalent professional 
qualifications, for research leading to the MSc or 
PhD degree The research mvolves study of the 
factors affecting adhesion of paint to anodic films, 
using techniques such as electron microscopy and 
electron probe microanalysis Certain studentships in 
other areas may also be available shortly 

Applicants should write as soon as possible to 
Professor G C Wood, Corrosion and Protection 
Centre, UMIST, PO Box 88, Manchester M60 
10D * (682) 





. 
UNIVERSITY OF SHEFFIELD 


DEPARTMENT OF PHYSICS 


Applications are invited for a post of JUNIOR 
RESEARCH FELLOW ın the above DEPARTMENT, 
tenable from a date to be arranged Salary £1,326 per 
year—inorease pendinE—(a higher salary will be paid 
to a postdoctoral appomtec) The appomrment wiil 
be for one year in the Grst instance but may be 
renewed on am annual basis for two further years 

Further particulars from the Registrar and Secretary 
to whom applications (3 copies) should be sent by 
October 1, 1973 Quote Ref R 72/G (631) 
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UNIVERSITY OF SYDNI 


F H LOXTON POST-GRAD 
STUDENTSHIPS OR SCHOLA 
IN CHEMICAL ENGINEER 
AND VETERINARY SCIRE! 


Applications are invited for the abov 
awards fram male graduates of any Ai 
Overseas university They are available 
graduate research in the Department o 
Engineering and in the Faculty of Veterini 
A Studentship is of the annual value of 
$A3,000 per annum <A Scholarship is of 
value of $A3,200 to $A4,150 per annum 
an apphcant 1s awarded a Studentship or 
wil depend on his qualifications and r 
perience 

The awards are made for one year 
instance, but may be renewed for a seco 
year, and in exceptional circumstances fc 
year The applicant may be of any age 

Further information and application for 
obtamed from the Registrar, The Ur 
Sydney, Sydney, NS W 2006, Australia, 
applications close on October 15, 1973. 


UNIVERSITY OF MANCHE 
RESEARCH STUDENTSHI 
OCCUPATIONAL HEAL 


Applications are invited for this stude 
able from October 1973, m the Der 
Occupational Health The successful ar 
preferably have a first or a good second-c: 
degree in pharmacology or biochemistry 
expected to register for a higher degree 
ıs concerned with the cause of byssu 
studentship wil be tenable for one year 
instance and the maximum value will t 
annum Further particulars and applic 
(returnable by September 24) from the 
The University, Manchester M13 9PL 
167/73 {Na 


UNIVERSITY OF GLASG 
RESEARCH FELLOWSH 
IN ORGANIC CHEMIST. 


An organic chemist is required to colla 
a muittdisciphinary 1eam working on the « 
and appheation of drug radioimmunoassay 
pharmacology This post offers an exce 
tumty for a chemist mteresied in the ap 
methods of orgamic synthesis to a wide 
drugs of clinical mmportance The succe 
cant will be based in the Deparment 
Chemistry and will liaise with ioch 
climcians in the Department of Mater 
University of Glasgow, Radiommumno? 
Stobhill Hospital, and the Radiochem: 
Amersham Demonstrating duties in t 
ment of Orgame Chemustry will be arra 
suitable 

Apphcants should preferably have a I 
appropriate subject, though enthusiastic 
with a first or second-class honours degt 
be considered Salary will be in the rang 
£2,200 per annum, depending on quahfi 
a period of up ta three years 

Applications, naming two referees, sho 
to Professor A Goldberg, Department 
Medica, Stobhill General Hospital, Gl 
3UW 








FOR SALE AND WAR 











Always wanted 
BACK RUNS OF JOURN 
IN SCIENCE AND THE HUMANI 
WM DAWSON & SONS L’ 
Back Issues Department, 
Cannon House, Park Farm R 
Folkestone, Kent, Englanc 
Tel Folkestone 57421 










Wanted and for Sale 

Scientific and Technical Review: 
Please inquire for runs or single vol 
SANTO VANASIA, 58 Via M Ma 
20124 MILANO, Maly 





OLIVETTI PROGRAMMA 101 (AP] 


for sale Price negotiable Enquiries 


Bunting, 01-588 3644 
GEL ELECTROPHORESIS APP: 
DEVICE FOR ELUTIONS FRO! 
GRADIENT MAKERS 
FRACTIONATORS 


at reasonable prices For literature, write 
BIOX RESEARCH SPECIALTIES, 
PO Box 143, Gaithersburg. Md 207 


LABORATORY FURNITURE, EQ 
and chemicals for sale in London —O1-4: 





Printed m Great Briain bv FLAREPATH PRINTERS LIMITED St Albans, Herts 


aud published by MACMILLAN JOURNALS LIMITED, 


NATURE SEPTEMBER 14 1973 Cover 3 


Nature in the 
Urban Landscape 


A Study of City Ecosystems 


Co-authored by Don Gill 
and Penelope Bonnett 


A timely new work on urban ecol- 
ogy Includes chapters on city 
ecosystems, planning for urban 
wildlife, and management of urban 
wildlife habitats Also detailed dis- 
cussions of two large cities — 
Los Angeles and its coyote popu- 
lation — and London and its 
integrated wildlife habitat 

209pp Illus 1973 £500/$1200 


MERCURY 
A History of Quicksilver 
by Leonard J Goldwater 


"An incredible book! Massive tn 
information, historically exhaus- 
teve, abundant in references 

This book should be in every 
library good reading " — Choice 


318pp Illus 1972 £625/$1500 


YORK PRESS publishers 


6803 York Rd, Baltimore, Md 21212/US A 


SUBSCRIPTIONS TO NATURE 


NATURE PHYSICAL SCIENCE and NATURE NEW BIOLOGY are now 
available independently. 
Please send me 
UK & Overseas USA & Canada 

O NATURE £16 00 £20 00 

O NATURE + NATURE PHYSICAL SCIENCE £24 00 £33 00 

O NATURE + NATURE NEW BIOLOGY £24 00 £33 00 

C All three editions of NATURE £29 50 £44 00 

O NATURE PHYSICAL SCIENCE £10 00 £15 00 

O NATURE NEW BIOLOGY £10 00 £15 00 

O NATURE INDEX (1972) £100 £ 150 


Orders can only be accepted if accompanied by the correct remittance Cheques should be made payable to Macmillan 
Journals Limited and crossed 


| enclose remittance of 
Name 
Address. 


ss " ee Zip/Postal Code 


Return to. Subscription Department, Macmillan Journals Ltde Brunel Road, Basingstoke; Hants RG21 2XS, England 


Registered No 785998 England Registered Office 4 Little Essex St, London WC2R 3LF ° 
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Schwarz/Mann: 
Know us for what we really are 


Cover 4 
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A RADIOCHEMICAL COMPANY 


With approximately 900 radiochemicals in stock, we're one of the biggest We 
supply a wide range of isotopically-labeled nucleic acids and derivatives, amino 
acids, peptides and peptide-precursors to name a few Deoxynucleotides, 
nucleotides, nucleosides (e g , thymidine and uridine, both 3H and 14C labeled) 
Expect high specific activities Be protected by our periodic re-assay program 
Enjoy shipment from three distribution points in Continental U S A and numerous 
foreign dealers 


A BIOCHEMICAL COMPANY 


Amino acids and related compounds, carbohydrates, antimetabolites, enzymes, 
nucleic acids and derivatives, steroids and many etceteras We're featuring e 
certain things too over 40 new synthetic peptides of high biological activity 

(e g , secretin, angiotensin |, oxytocin), compounds for peptide synthesis (e g , 
t-boc amino acids and related compounds), and custom synthesis of a diversity 
of compounds 


A RADIOIMMUNOASSAY COMPANY 


The simple—though immodest—truth is that we're the world's leading supplier of 
radioimmunoassay kits We offer the following kits for research and diagnostic 
purposes cyclic AMP, digoxin and digitoxin (both 3H and 1250), plasma cortisol, 
human placental lactogen, renin activity, human growth hormone, and insulin 
New Kit vitamin Bi; These simple-to-use kits include all necessary reagents 
And more are coming : 


AN EQUIPMENT AND SUPPLY COMPANY - 


Schwarz/Mann is very much in the equipment/supply business and can simplify 
your life with our specialty products Note two Biopette automatic pipettes, an 
automated peptide synthesizer (the first commercially available), liquid scintillation 
vials, a new TLC plate with 19 channels (!), CPK atomic models And others, 


Schwarz/fhann S) 


Division of Becton, Dickinson and Company 
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i a | RADIOIMMUNOASSAY EQUIPMENT A 
; EMICAL 
RADIOCHEMICAL | BIOCH l^ COMPAN SUPPLY 
COMPANY COMPAN ó COMPANY 






FOR A CLOSER LOOK.. 


Write for our brand new 1973 cal 
Speak to our salesman, give us € 
drop us a line, use the Reader Se 
Card if there is one, or fill in this c 
pon Know us for what we really : 


ptm nm rt n ee 






THE RADIOCHEMICAL COMPA 
THE BIOCHEMICAL Comp, 
THE RADIOIMMUNOASSAY Cor 
THE EQUIPMENT AND SUPP 
COMPANY 


SCHWARZ [MANN 


Orangeburg, New York 10862 





Please send your brand new 1973 
Name 

Title Z 
Department 

Organization 

Address 


Zip 
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Finnpipette 
now available 
in the USA 


and Canada 


Variable Volume Accurate Economical 
Hand Micropipetting Finnpipette 


The FINNPIPETTE is a very accurate, 
repeatable and economical micro- 
pipetting system. It covers the 
complete range of volumes from 
5-5,000 ul. with only four units. 
Units have micrometer adjustments 
in the ranges 5-50 ul. (scale 1 4l.); 
50-250 ul. (scale 5 wl); 200- 
1000 ul. (scale 10 ul.) and 1,000- 
5,000 ul. (scale 50 l.). 


Liquid contacts ony disposable 
polypropylene or autoclavable boro- 
silicate glass tips. 


Units can be used with test tubes of 
up to 150 mm in depth. 


Positive two stage operation for 
filling and emptying. 


TIPS 


Finntips are recommended for use 
with Finnpipettes (particulars on 
request) but Finnpipettes are also 
able to use many standard tips. 


From 1st September, U.S.A. prices 
will be $78.50 per unit or $70.00 
when 4 or more are ordered. (Prices 
F.O.B. Boston). Prices for Canada 
on request. 


For U.S.A. 

Orders or inquiries to Volumetrics 
division of 

BUCKLEY MEMBRANES LIMITED 
Dept. N.A., 

Box 209, Industrial Way, 
Wilmington, Mass. 01887. 

(617) 658 5110. 


For Canada 
Orders or inquiries to 
Dept. N.A., 


Portex Division of Smith's ., 
Industries Inc. 


705 Progress Avenue, 
Scarbórough, Ontario. 
(416).438 6581. 
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WILEY 


INTERSCIENCE 


VIBRATIONAL SPECTROSCOPY OF 
TRAPPED SPECIES: 
Infrared and Raman Studies of Matrix- 


Isolated Molecules, Radicals and lons 
Edited by H. E. Hallam, University College of Swansea 


This book surveys the widespread use of the matrix isolation 
technique in infrared and raman spectroscopy. Each chapter 
has an up-to-date account of an application of the technique 
by specialists in the field who have had research experience 
in the topics they discuss. 


September 1973 442 pages £10.00 


LOW ENERGY ELECTRON 
COLLISIONS IN GASES: 


Swarm and Plasma Methods Applied to 
Their Study 


By Aldo Gilardini, Selenia, S.p.A. and University of Rome, 
Italy 


Collects scattered information on the experimental deter- 
minations of those physical parameters that characterize 
transformationless, low-energy electron collisions in gases 
obtained from measurements of electron swarm and plasma 
transport qualities, Available data are thoroughly reviewed 
and represented in a systematic, easily accessible way. 
(Wiley Series in Plasma Physics). 


May 1973 510 pages £12.50 


TRACE METALS AND METAL- 
ORGANIC INTERACTIONS IN 
NATURAL WATERS 


Edited by Philip C. Singer, Department of Civil Engineering, 
University of Notre-Dame 


The chemistry of metal ions in natural waters is a subject of 
great scientific interest as well as practical importance. 
Metals are significant in regard to public drinking water 
supply, toxicity to aquatic plant growth and productivity. 
Topics covered range from analysis of trace metals and trace 
organics, @ccurrence of metals in natural waters, equilibrium 
(thermodynamic) and dynamic models describing metal- 
organic complexation reactions, metal transfer at the soil- 
water interface, effects of natural and synthetic organic 
chelating agents (e.g. NTA, humics) on metal cycles in natural 
waters, to the association between metals and organic matter 
relative to algal growth. 


September 1973 390 pages £11.25 


Published by Ann Arbor Science Publishers Inc., and distributed 
by John Wiley and Sons Ltd. 


PSYCHOPHARMACOLOGY 


By Luigi Valzelli, Mario Negri Institute for Pharmacological 
Research, Milan, Italy 


This book is intended to serve the student, the researcher 
and the clinician as a valuable adjunct to current research 
and theory in psychopharmacology. It is the author's practice 
to introduce the neurobiological background necessary 
for understanding several aspects of contemporary psy- 
chopharmacology at a level easily comprehended by the 
student as well as to provide for the more sophisticated 
reader a useful reference guide, for the review of basic 
concepts in psychopharmacology and their relationship to 
current research problems and controversy. (A Spectrum 
Publication.) 


July 1973 282 pages £7.50 


Y 


JOHN WILEY & SONS LTD 


Baffins Lane Chichester Sussex England 





Three new research journals from Blackw 







Journal of — 
-Immunogenetics 
-Edited by 

oo R Bauer 

: Editorial Board 

Ruth Sanger Chairman 
“K. Berg 

B. Cinader 

H. H. Fudenberg 


K. Furukawa 
G. F. ‘Springer 








Alena Lengerova 
J. J. Marchalonis 
O. Prokop 

J. J. van Rood 


To be published bi-monthly at £15.00 
. ($50.00) per annum post free. 


Volume 1, Number 1, January 1974 


Clinical and Experimental 
Pharmacology & Physiology 


Edited by 

M. J. Rand A. E. Doyle 

J. P. Coghlan P. I. Korner 
Editorial Board 

W. C. Bowman B. Hudson 

G. Burnstock C. I. Johnstone 
E. J. M. Campbell W. J. Louis 

J. P. Chalmers T. Morgan 

A. Crema A. S. Paintal 
D. R. Curtis R. Porter 

S. Garattini L. F. Prescott 
L. B. Geffen C. Raper 

D. Grahame-Smith W. J. Simmonds 
F. Gross J. D. Sinclair 
R. Guillemin P. Sleight 

K. Hashimoto S. Spector 

S. M. Hilton J. A. Young , 
To be published bi-monthly at £18.00 
($65.00) per annum post free. 


Volume 1, Number 1, January 1974 






undo ^ 
Biogeography 


Edited by 
David Watts 
John Flenley (assistant) 


Editorial Board 


P. S. Ashton 

E. R. Creed 

Sir W, R. S. Doll 
A. Hallam 

T. van der Hammen 
F. K. Hare 

P. Muller 

F. H. Perring 

J. D. Sauer 

C. Troll 

K. H. Voous 

J. E. Webb 


To be published quarterly at £10.00 
($34.00) per annum post free. 


Volume 1, Number 1, March 1974 












Blackwell Scientific Publications Ltd 





Drawing on our experience, 
we have introduced '"EQUITROL'", a ready-modified sterile 
serum which is adjusted to suit the individual needs of 
laboratories, plus being readily available for quick delivery. si 

| "EQUITROL" can be supplied in 56 x 90mlbottles standard packs (5.04 litres). 


Osney Mead, Oxford OX2 OEL 


 Thereare priceadvantages in buying units of 5, 10 and 20 litres. 
: We shall be pleased to send samples of “EQUITROL” for your evaluation. 


Processed b: TISSUE CULTURE SERVICES LTD. : 
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Evolution 
and Plants 
of the Past 
Harlan P. Banks 


This book is a wide-ranging discussion of a number 
of important aspects of palaeobotany The basic 
approach is an examination of the way in which 
plants have developed from the earliest times In 
contrast with the more traditional approach, in which 
each group of plants is examined separately, this 
book looks at each geological period and treats its 
fossil flora as a whole As a result a much more 
dynamic and interesting story is told 
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Ecósystem 
Second Edition 


W. D. Billings 


This elementary introduction to ecology discusses 
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The SCORAH Automatic Electric 
all glass WATER STILL (patented) 


Automatic Can be left on without attention Heater current 
cuts off if water supply is interrupted, or inadequate or forgotten 
When receiver (5 litres capacity) 1s full, current cuts off When 
gistilled water 1s drawn from receiver, the still resumes operation 
until receiver 1s refilled 


Purity Electrostatically charged condenser droplets can pick 
up fumes, dust and air-borne organisms from the laboratory 


of such contamination 


Efficiency Heater of Scorah design and manufacture, con- 
sumption 1,700 watts, output 24 litres per hour (the full 
theoretical yield) Cost less than 2p per gallon at 4p per unit 


Safety The heating element ıs out of contact with the feed 
water, thus eliminating danger from “live” water supply or 
electrolytic effects or “burn out” 
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may be installed on a shelf or platform about 1 ft above bench 
level near a sink and enclosed ın a transparent plastic cover 
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Heat-resisting glass Interchangeable ground glass Joints 
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No Tax on Books and Papers 


In April 1940 the Chancellor of the Exchequer announced 
the introduction of a purchase tax on certain goods 
Among these were books A campaign against thus 
move was immediately started by publishers and a 
broader base of support rapidly developed A deputation 
led by the Archbishop of Canterbury and including Sir 
Arthur Eddington and Professors A V Hull and R H 
Tawney tried to persuade the Chancellor to change his 
mind When this failed, the Archbishop, Mr J B 
Priestley and Sir Geoffrey Faber pleaded with MPs for 
support This was forthcoming, and in August 1940 the 
Chancellor announced the exemption of books from tax 
The principle that books are not taxed has held since 

When Value Added Tax (VAT) replaced Purchase Tax 
and Selective Employment Tax in Britain, the principles 
were re-asserted WAT (which, it has been said, should 
more correctly be called SPIT, for selling-price mcrease 
tax) 1s not levied on books, nor on newspapers and 
periodicals, nor (among other things) on food The zero- 
rating on printed matter 1s not part of a concession, say, 
to scientific and medical research (water 1s zero-rated, 
distilled water is not!) nor to the academic community, it 
1s a clear affirmation of the importance attached to the 
printed word Private Eye and Men Only are zero-rated 
alongside Nature and the Oxford English Dictionary 

A problem, however, 1s fast approaching, and was given 
wide publicity by Mr March Hunnings m the Times 
Literary Supplement of August 31 There will be strong 
pressure within months in the EEC for unified WAT 
rates Other countries in the Common Market do not 
zero-rate books, so if unification 1s done on a majority 
basis Britain will be expected to raise the rate to at least 
5% British diplomatic efforts are likel¥ to be fully 
extended 1n attempting to keep food zero-rated 

The case for no taxation ıs as valid 1n 1973 as ıt was ın 
1940 Books and papers still live on the margins of most 
personal budgets—as desirable possessions but amongst 
the first to be jettisoned 1f money becomes tight Further- 
more, 1t will be the poorer, to whom the cost of books and 
papers represents a larger fraction of their income, who 
will suffer most If the tax goes up on most consumer 
goods there is the possibility of a change in habits to 
settle for less This 1s not easily done with printed matter— 
the choice ıs between buying and not buying 

The present zero-rating on printed matter 1s an assertion 
of the importance of thinking and partiapation A clear 
line 1s drawn between, for stance, printed music (zero- 
rated) and gramophone records (rated at 10%), between 
books (zero-rated) and television sets (10%) This 1s an 
enlightened attitude for a Government to take, especially 
as itis thereby demied of substantial revenue It ıs, one 
hopes, not utterly starry-eyed to say that the absence of tax 
on printed matter ought to be maimtamed simply because 
it makes Britain a more civilized place 

What tactics should be adopted to attempt to retam 
things as they are? 

Those in the publishmmg business can be accused of 


being motivated by self-interest, thus any organized 
opposition to such tax moves would have to be as broadly 
based as ıt was ın 1940 to carry deep conviction, and it 
would have to be seen not to be a vehicle for another 
attack on Britam’s membership of the EEC Whereas 
representatives of trade unions, staunch defenders of 
the printed word, would provide eloquent support, their 
implacable stand on the EEC might prove an embarrass- 
ment On the other hand, few distinguished scientists 
have revealed strong European preyudices They would 
be admirable members of any opposition movement 

It should be said that such a movement would have 
to work within a European framework There would 
undoubtedly be much sympathy in Whitehall for it, but 
the question Ys an international one and other countries 
within the EEC should be made aware of the depth of 
feeling Two courses are possible. A case could be made 
that Britam should be allowed to continue as an exception 
in zero-ratmg But a more imaginative approach would 
be to urge other countries to come into line with Britain 
(probably by exemption rather than Zero-rating—an 
exquisite difference) There are reasons to believe the 
latter 1s the mght way to go. It has less connotations of 
Bntam as the loner and 1s thus not seen as a threat to 
EEC unity. Newspapers are already exempt in some 
countries. It could be a valuable boost to the as yet 
poorly developed concept of cultural benefits springing 
from European unity, by means of a levelling up rather 
than down of civilizmg assets It would be an excellent 
opportunity to make new contacts in Europe And most 
obviously, it would, 1f successful, be good for everyone 

The question of VAT-rating ıs not a narrow domestic 
issue. If handled intelligently it could have broader 
European benefits. Moves towards VAT which President 
Nixon has made imply that now 1s also the time to raise 
the issue of exemption in the United States 


100 Years Ago 








The sozrée in St George's Hall last Thursday was a great 
success ; indeed all the arrangements for the meeting have 

*®* been satisfactory. The public lectures, by Profs. W C 
Wilhamson, Clerk-Maxwell, and Dr. Siemens were well 
attended, but the proportion of the working-classes pre- 
sent at the lecture on Fuel, which was specially mtended 
for their benefit, was very small 


From the report on the British Association meeting at Bradford 
From Nature, 8, 448, September 25, 1873. 
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NERC Foresees Difficulties over White Puper 


Tue Natural Environment Research 
Council 1s facing “serious difficulty” in 
attempting to meet the transfers of 
funds to government departments 
which are required following the publi- 
cation last year of the white paper A 
Framework for Government Reseaich 
and Development 

In its annual report published this 
week (House of Commons Paper 426, 
HMSO, £120) the council states that “it 
will not be difficult to meet the first 
year s transfers (for financial year 1973- 
74) with applied research projects of 
direct relevance to departmental inter- 
ests’ But "the possibility can be fore- 
seen from experience of the first year of 
transfer, that really serious difficulties 
will arise 1n later years in fitting NERC 
programmes, scientific skills and facili- 
ties to departmental responsibilities =” 

Under the terms of the white paper, 
£255 million was transferred from the 
councils budget to the customer de- 
partments in 1973-74, with a further 
£36 million and £48 million due to be 
transferred in 1974-75 and 1975-76 
NERC s customers are the Department 
of Trade and Industry, the Department 
of the Environment, and the Ministry 
of Agriculture, Fisheries and Food 

The council goes on to warn that if 
the various needs of the customers and 
of fundamental research are not 
properly coordinated, the scientific 
capacity of the country in some fields 
could be reduced “to a damaging 
degree" 

The difficulty, the council says, 1s that 
sometimes two or all three of the cus- 
tomer departments “are concerned with 
different applications from a field of re- 
search that cannot be sensibly sub- 
divided This difficulty will increase in 
attempting to meet transfers for the 
second and third year” 

Areas that are likely to be hardest hit 
in this way are the Geological Survey 
and practical research ın coastal waters 
—storm surge prediction, coast protec- 
tion and offshore navigation 

"For these and other fields, which 
also include a significant amount of 
fundamental research, ıt will be neces- 
sary to devise a system whereby the 
various customer requirements and the 
needs of fundamental research are 
properly dealt with m a coordinated 
way" » 

But even so it 1s possible that “really 
serious difficulties” will afise in the 
second and thfrd year, in trying to fit 
NERC programmes to departmental 
needs “in such a way as not to destroy 


the balance of fundamental and applied 
research in many of the sciences of the 
natural environment If this were to 
happen it would reduce the scientific 


capacity of the country in some fields to 
a damaging degree” 

The council highlights its problem 
by pointing out that the £45 millon 





Transfer of NERC Funds 

















Recipient 1973/74 1974/15 1975/76 
£m at 1971-72 prices 

DT Yn 125 185 2 50 
DOE 075 115 1 
MAFF ae ae 025 0 375 0 50 
Ncc |R 0 30 0 30 0 30 

Sub-total 255 3 675 4 80 
NCC (conservation) 11 11 11 

TOTAL 3 65 4TIS 5 90 

. 


nnn 
+ DTI—Department of Trade and Industry, DOE—Department of the Environment, 
MAFF- —Mmuistry of Agriculture, Fisheries and Food, NCC—Nature Conservancy Council 
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IONOSPHERE 


Coherent Project 


by our Astronomy Correspondent 


Tue Science Research Council is being 
asked to help support a £3-4 million 
European ionosphere project This 
week a group of British ionosphere 
scientists 1s applying to the SRC for 
£18,000 to pay for a design study of 
a VHF transmitter which, if built, will 
be the British contribution It will prob- 
ably be several months before the 
decision of the SRC is known, but it 1s 
believed that both the council’s Ggo- 
physics Working Group and Space 
Policy and Grants Committee have ex- 
pressed strong support 

The plan calls for the construction of 
an ionosphere sounding station at 
Tromsg in Norway which will be able 
to determine as many as fourteen para- 
meters of the polar ionosphere from a 
height of 80 km up to 1,000 km The 
station will operate on the incoherent 
scatter technique in which a radio beam 
directed. vertically upwards causes the 
free electrons of the ionosphere to 
oscillate and thus radiate a radio wave 
of approximately the same frequency 
as the original signal Because of the 
small scattering cross-section of elec- 
trons and the faot that the scattered 
wave 1s emitted 1n all directions, the sig- 
nal received back, at the ground is weak 
and so powerful transmitters have to be 
used 

Other contributións to this programme 
—known as the EISCAT project--are 
to come from France (a UHF trans- 
mitter), West Germany (the UHF 
aerials), Finland (a VHF aerial) Nor- 


way, possibly Sweden and possibly the 
Soviet Union Negotiations have 
reached different stages in the various 
countries In France the design study 
for the UHF transmitter 1s complete, 
and there 1s thought to be a possibility 
that funds will be available from 1975 
It 1s believed that the French would 
favour four equal contributions from 
France, West Germany, Britain and the 
Scandinavian countries In West Ger- 
many the design study for the UHF 
aerials is virtually complete, and al- 
though the West German government 
does not wish to support the project it 
seems that the Max Planck Foundation 
may be able to help The Norwegian 
Research Council and the Norwegian 
Physics Council have both expressed 
support for the project, and Finland 1s 
carrying out a design study for the 
VHF aerial 

The Soviet contribution would be a 
UHF receiving station near its border 
with Norway, and it 1s believed that this 
project has been approved by the 
Academy of Sciences although so far 
there has been no official approval from 
the Soviet government 

British 1onosphere scientists feel that 
it is high time Britain. became involved 
in the project The existence of another 
high-latitude incoherent scatter station 
which ıs already in operation at Chata- 
nika in Alaska is said not to detract 
from the need for the EISCAT project 
Although the Chatanika station 1s less 
sophisticated than the proposed EISCAT 
project, the data which it has already 
produced are said to show how much 
exciting work can be done in the auroral 
zone using the incoherent scatter tech- 
nique 
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(1971-72 prices) that 1s to be transferred 
by 1975-76 represents, on the face 
of things, 27% of the council’s 
1971-72 budget of £164 million But, 
the council goes on, by the time a 
further £11 milion has been trans- 
ferred to the new Nature Conservancy 
Council and the £27 million spent 
on research training, the £15 mulhon 
spent on the British Antarctic Survey 
and the £03 million spent on the 
Geological Museum are deducted as 
these all lie outside the responsibili- 
ties of the three customer departments, 
the budget from which the £4 8 million 
has to be transferred is only £107 
milion In other words the £48 mil- 
lion which is to be transferred repre- 
sents 4595 of the budgets of NERC 
Institutes 

One solution to the difficulty that 
the council is facing in transferring pro- 
grammes to ministries—although not a 
solution that 1s proposed in the annual 
report —muight be to alter the balance of 
transfers between departments At 
present the Ministry of Agriculture, 
Fisheries and Food will only spend 
£05 million with the council by 1976, 
yet much of the marine and fisheries 
work undertaken by the council could 
easily and logically be funded by 
MAFF Equally, marine sounding 
work could be financed by the Ministry 
of Defence (on a non-secret basis), thus 
reducing the amounts that will have to 
be transferred to the budgets of the De- 
partment of Trade and Industry and the 
Department of the Environment 

Apart from outlining its problems 
stemming from the white paper, the 
annual report also exhaustively explains 
the large scale reorganizations that have 
taken place within the council The re- 
shuffling of the physical marine science 
institutes into the Institute of Oceano- 
graphic Sciences is expounded and the 
thinking that les behind the proposed 
Institute of Terrestrial Ecology 1s set 
down 

The council records its doubts about 
the move of the administrative offices to 
Swindon, which will possibly be com- 
pleted by 1977, leaving only conference 
facilities and office services for senior 
employees ın London. It 1s the view of 
the NERC Staff that dispersal will 
“seriously weaken the coherence of 
NERC as an organization” 


GRADUATE EMPLOYMENT 


A DOUBLE warning against over 
reaction to short term trends 1n higher 
education was delivered 1n Dundee last 
week at the Standing Conference of 
University Appointments Services 

Lord Boyle, Vice-Chancellor of the 
University of Leeds and a former Con- 
servative minister of education, m- 
formed the conference that the fact 


that the situation for graduates seeking 
employment is much easier this year 
than last (there are now about 20% 
more vacancies) underlines the danger 
of drawing long term conclusions 
about the future of university courses 
and of graduate careers on the basis of 
short term statistics 

Sir Kenneth Berril's version of the 
same warning was a somewhat more 
sophisticated one Speaking for the 
last time in public as Chairman of the 
University Grants Committee (he be- 
comes chief economic adviser at the 
Treasury in October), Sir Kenneth out- 
lined the difficulties and doubts that be- 
set a chairman of the UGC 

Quoting the government's target of 
750,000 students in higher education by 
1981 (half of them in universities and 
half ın polytechnics), Sir Kenneth said 
that planning for each subject that will 
be studied in universities by then was 
not easy Attempts to define the 
different types of skill that will be 
needed in 1984 are a waste of tyme 
Relatively few people go into careers 
that follow directly from their degrees 

Equally, unemployment among 
graduates is difficult to forecast and the 
biggest danger lies in reacting too 
quickly When a bad year occurs, as in 
1971, nothing can be done Immediately 
to rectify the situation. The results of 
any change will not be seen until 
several years later 

Two basic difficulties beset planning 
for 1984 The first 1s that the system 
may not react at all to change and, 
paradoxically, the second ıs over 
reaction, or as Sir Kenneth terms it, the 
"bandwaggon effect” 

Changing the ratio between the arts 
and sciences in universities from 55 
science to 45 arts to 53 to 47 by 1976 
means that for every new place pro- 
vided in the sciences two have to be 
provided in the arts, and this 1s difficult 
in a system in which until recently the 
emphasis was the other way around 
On the other hand the system can over- 
react because it ıs so decentralized At 
present, Sir Kenneth said, universities are 
asking for expansion in biochemistry, 
pharmacy and biology—the move to- 
wards the life sciences But universities 
all over the country are thinking the 
same way, and there 1s a danger that 
too many courses will be started 

Equally, when Lord Ashby as Chair- 
man of the Royal Commission on En- 
vironmental Quality asked the UGC to 
conduct a survey on university teaching 
in pollution mattérs, the survey re- 
vealed that an enormous number of 
universities had moved with the times 
and introduced work on the subject 
into their courses e 

When the university appointments 
officers at the conference were not 
being lectured on future trends in 
graduate employment, they were busy 
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discussing the current situation Chiefly 
they conclude, in the absence of final 
figures, that this year has been much 
better than last, which in turn was an 
improvement on 1971 The most 
notable trend 1s that many officers re- 
port that while industry has vacancies 
to offer, an increasing number of 
graduates are not interested in taking 
up the jobs At the end of the year 
many predict there will still be jobs in 
industry going, and there will still. be 
undergraduates on the "unemployed" 
list More and more graduates want to 
look around before taking a Job, and 
there 1s some evidence that industry 1n 
particular is under suspicion for its 
actions ın 1971 when, in some cases, 
offers of jobs were withdrawn after 
they had been made Now that the 
situation is brighter, and GEC, for 
example, has the better part of 600 
graduate vacancies, many graduates do 
not want to know 


POLITICS 


Shortage of Science 


THE scientific community owes a debt 
of gratitude to the National Association 
of Conservative Graduates Out of 
1,304 motions to be debated at the 
Conservative Party annual conference 
to be held at Blackpool on October 
10-13 the one and only motion to do 
with research and technology 3s pro- 
posed by this association The Labour 
Party’s agenda of 436 motions for 
their conference on October 1-5 con- 
tains no such item The Liberals 
also had little time for science although 
energy policy was discussed on Wed- 
nesday afternoon of this week at their 
conference at Southport 

The Conservative motion asks the 
conference to deplore “the continued 
waste of money on  inadequately 
founded national ventures in scientific 
research and in technology” However, 
the remainder of the motion calls for 
such projects (presumably not inade- 
quately founded) to be "pressed forward 
in future on a multilateral or European 
basis" 

Energy policy and environmental 
planning get a great deal of attention 
in the manifestos The Labour Party 
1s called upon by tts members to 1mple- 
ment an energy policy and also to 
establish a “working party to evaluate 
present energy resources and to con- 
sider ways of ensuring state exploration 
of all forms of energy” The Liberals 
called this week for a permanent energy 
commission to be established to advise 
the government and they also asked for 
an assessment of the future of nuclear 
edergy, taking into account reactor 
safety, polluting effects and "the moral 
justification far storage of wastes for 
future generations to deal with" — The 
Conservatives will not debate energy 
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policy per se but the representatives 
from East Dudley ask the conference 
to “view with concern the pending ex- 
haustion of some of the natural re- 
sources of our overcrowded Islands and 
to look to the government for an en- 
lightened strategy for those resources 
and for population”, 

Higher education does not receive 
much attention from the Conservatives 
or the Labour Party but the Liberals on 
Friday morning will be discussing educa- 
tion from the age of 16 onwards But 
the few resolutions on this topic are in a 
familiar vein The Conservatives are 
to be asked to make student loans 
repayable “over a reasonable period, or 
on emigration, or by undertaking two 
years approved civic or social work” 

The Labour Party conference will be 
asked by the National Organization of 
Labour Students to abolish the system of 
discretionary awards and to provide 
maintenance awards at full value to all 
students in higher education A novel 
motion ın the Labour Party agenda this 
year ıs a call for all workers to take a 
year's *sabbatical" every fifteen years— 
at full pay, of course 


PARTICLE CONFERENCE 


from £a Recherche 
THE second Aix-en-Provence Inter- 
national Conference on Elementary 
Particles ended on September 12 after 
a week's review of new developments 
in particle physics Attended by more 
than 600 physicists from (almost) all 
over the world, the colloquium was, 1n 
fact, the seventh in a Europe-wide 
series begun in Aix in 1961 and ıt was 
organized by the European Physical 
Society and the Société Française de 
Physique This year’s meeting had a 
few sideshows, not all connected with 
particle physics, of both the planned 
and unanticipated varieties 
The scientific content of the confer- 
ence was straightforward and without 
surprises*, But ıt was the social and 
even political appendages which made 
things livelier than usual In an era 
when subatomic physics is still not 
clearly understood by nonspecualists, 
the organizers and the French hosts 
had the good sense to schedule some 
popularization sessions at first called 
“About Particles and Physicists” but 
later transformed conveniently to *Aix- 
Pop”’—a series of end-of-day encounters 
* There were sessions on the electro- 
magnetic production of hadrons, hadron 
spectroscopy, hadron decays, neutrino 
interactions, strong interaction theory, 
unified theories of weak and electro- 
magnetic interactions, new trends in field 
theory, elastic scattering and low multl- 
plicities, high multiplicity reactions, large 
transverse momentum phenonfena, and 
400 GeV physic® Bnefer sessions were 


devoted to weak interactions and neutral 
currents 


between physicists and local citizens 
High energy physics was explained from 
A to Z—for those who wanted to know 
—mainly in the open court of the stately 
seventeenth century Hôtel Maynier 
d'Oppéde mansion 

There, under the shade of enormous 
plane trees, the man or woman ın the 
street could wander in and browse 
among static or working models of 
accelerators, bubble chambers, spark 
chambers and cloud chambers There 
was also a demonstration to explain 
quarks Also explained or contested 
were antimatter, the ecological and 
military aspects of nuclear energy, 
research and its relation to economic 
growth and the research needs of the 
developing world The people who 
came off the street to see the exhibits 
(and operate some of them), as well 
as to meet theoretical and experimental 
physicists in the flesh, were those one 
would expect the ones who venture 
to the theatre, a concert or an art 
gallery The working man’s social 
stratum was not represented in these 
encounters at Aix, so next time the 
organizers will use a new approach in 
trying to educate the public in high 
energy physics They will go to resi- 
dential and shopping neighbourhoods 
to make contact, according to Michel 
Crozon of the Collége de France 

Why this pre-occupation with the 
popularization of something assumed 
to be arcane to the nonspecialist? 
Professor Victor Weisskopf of MIT 
perhaps explained it best when he 
lamented that astrophysicists and radio- 
telescopists always seem to command 
public attention while the layman 
simply has not been stimulated by anti- 
neutrinos, hadrons and  pomerons 
“Tmagine”, visualized Weisskopf, 
“carrying on an enthrallıng conversa- 
ton with a layman about neutral 
currents We are to blame we spend 
too much effort in trying to publicize 
the latest findings and theories” 


Coming Shorily 


THE latest television programme in 
the series which has included The 
Violent Universe, The Mind of 
Man and The Restless Earth has 
just been completed It 1s written 


by Nigel Calder and called The Life 
Game, and will be shown in the 
Netherlands on September 24, Bel- 


gium on September 25 and 26, 
Canada on September 30, Australia 
on October 3 and Britain on 
October 13 Dates for showings in 
Germany, Swedéif and the United 
States are not yet available 

In Nature on October 12 Nigel 
Calder will write on the problems 
of presenting science as intel- 
lectual entertainment 
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Weisskopf also pointed out that one 
of the world's most prestigious journals 
dedicated to making science popular 
“publishes one article every two years 
on high energy physics, whereas we 
have about 10-1595 of the total civil 
research money in the world Yet 
Scientists and science writers have no 
problem in bringing out articles on 
continental drift one after the other 
It’s our job to make our own work 
known to the rest of humanity” 

The People’s Republic of China was 
represented for the first time in this 
series of conferences The three-man 
team from Peking was headed by Profes- 
sor Chung Wang, director of the Institute 
of Atomic Energy The Chinese, who 
were en :oute to their homeland after 
a week's visit to Stony Brook and the 
Batavia research institutions in. the 
United States, presented no papers 
although Professor Wang served as 
chairman of the session on neutrino 
interactions 

Physicists from Australa or New 
Zealand were, however, not officially 
present at the Aix congress An un- 
official observer, from the Australian 
National - University at Canberra, 
charged publicly that French visas had 
been denied to Australian and New 
Zealand scientists wishing to attend the 
conference, presumably because of the 
currently strained relations emanating 
from the French nuclear testing at 
Mururoa Atoll But the meeting’s 
official organizing committee adamantly 
and repeatedly denied that there had 
been official interference by the French 
government 1n regulating attendance by 
New Zealanders or Australians 

Aix has recently felt ripples of the 
racial antagonism between natives and 
imported North African labourers in 
nearby Marseille and a petition was 
circulated at the meeting, asking men 
and women of the world of research 
to condemn racism At least a hundred 
signatures were collected Meanwhile, 
the French Communist Party unit at 
the Cadarache Nuclear Research Centre 
circulated broadsheets to conference 
participants fixing the responsibility on 
scientists and engineers for pollution, 
spoilage of the environment and the 
subservience of man to machine 
“Only socialism can master our 
economic growth”, proclaimed the flyer 

Summing up the trials and tribula- 
tions of the particle physicists in their 
general relationship with the other 
sciences, governments and the public, 
CERN’s D Amati hypothesized that 
“Possibly we are too institutionalized 
as professional scientists” He suggested 
that high energy physicists become more 
flexible in their dealings with people 
outside their discipline Commented 
Weisskopf, “I would like to think that 
you are wrong, but I believe that you 
are right” 
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NEW WORLD 


Clean Air or Warm Homes ? 


by our Washington Correspondent 


A YEAR ago, the environmentalist move- 
ment in the United States was able to 
point to a series of spectacular achieve- 
ments and stunning victories over the 
federal government and other desporlers 
of the natural environment Among its 
more prominent victims it could count 
the Alaska pipeline, which had been 
held up for three years by legal tangles , 
the Atomic Energy Commission, which 
had been forced to consider environ- 
mental factors before granting licences 
for construction and operation of 
nuclear power plants , DDT, which had 
been banned, automobile manufac- 
turers, who had been denied their 
request for an extra year in which to 
develop clean cars , and polluters of air 
and water who had been put under the 
gun by strong legislation passed by 
Congress Then came the energy crisis 

Although it would be overstating the 
case to say that the environmental 
bandwagon has been derailed by the 
barrage of publicity and widespread 
concern about fuel supplies, there 1s no 
question that it has lost momentum 
and that it 1s facing an even tougher 
period in the months immediately ahead 
A series of setbacks in the past few 
weeks and impending battles over the 
development of energy resources attest 
to that All of which puts Russell Train, 
whose appointment as Administrator of 
the Environmental Protection. Ágency 
was approved by the Senate last week, 
In one of the hottest seats in the federal 
government 

Train held his first press conference 
as EPA Administrator last week, and 
for more than an hour he was faced 
with a barrage of questions about 
whether energy policy dictated by the 
White House would castrate the EPA's 
drive to clean up air pollution. In parti- 
cular, he was repeatedly questioned 
about a meeting held in the White House 
on September 8, after which President 
Nixon and Governor John Love, the 
head of the White House Office of 
Energy Policy, announced that some air 
pollution controls will have to be lifted 
this winter to prevent power blackouts 
That decision, perhaps more than any 
other, 1s being seized upon as a signal 
that the environmental movement has 
come up against the energy crunch 

In short, the White House is putting 
pressure on state governors to adopt 
contingency plans to lift pollution con- 
trol requirements on power plants by 
allowing them to burn fuels containing 
relatively high quantities of sulphur if 


supplies of low-sulphur oil dry up this 
winter Train emphasized that lifting 
the regulations would be a temporary 
solution to an acute problem, and that 
it in no way signals long term relaxation 
of air pollution controls In two or 
three years’ time, he argued, the techno- 
logy for removing sulphur from oil and 
sulphur dioxide from stack gases will be 
more widely available, and fuel supplies 
will be stepped up 

Unfortunately, however, a couple of 
days before the White House announced 
the need for relaxing controls, the EPA 
itself proposed that some controls be 
lifted on coal burning power plants and 
copper smelters because stack gas clean- 
ing technology 1s not widely available 
And, last week, officials from oil ‘and 
gas corporations were arguing, 1n a set 
of public hearings concerned with off- 
shore production of oil and gas, that 
there is little prospect of a letup in fuel 
shortages for the next few years Thus 
it can be safely assumed that, in the 
absence of adequate clean-up techno- 
logy, a trade-off between air pollution 
controls and oi! shortages will have to 
be faced not just this winter, but for 
many years to come 


SCIENCE POLICY 


Informal Advice 


by our Washington Correspondent 


SINCE the President's Science Advisory 
Cemmittee last met 1n December 1972, 
before it was abolished by President 
Nixon, there has been no provision 
for the scientific community ın the 
United States to have a formal voice 
in the federal government's science 
policy apparatus Last week, however, 
Dr H Guyford Stever, Director of the 
National Science Foundation and now 
the President's Science Adviser, took 
the first step towards setting up a 
mechanism for sounding out the views 
of the scientific community He called 
together the heads of 19 of the largest 
scientific and engineering societies 1n 
the United States to discuss “whether 
the views, hopes and needs of the pro- 
fessional scientific community can be 
introduced into the science policy- 
making process” 

The meeting was glpsed to the press, 
but Stever said afterwards that there 
was general agreement that contact 
between the science adviser and the 
heads of scientific organizations should 
be developed Consequently, Stever 
said that he will call similar meetings 
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The Energy Policy Office says that 
it has not received a deluge of com- 
plaints about its proposal, which 1s 
probably fair indication of public re- 
action to the energy crisis (Indeed, it 
would be remarkable if there were no 
public concern about the matter, since 
the oil companies are spending millions 
of dollars advertising the seriousness 
of the situation—ecopornography has 
given way to  thermopornography ) 
But that is not to say that the office 
18 getting away with its proposal with- 
out raising some opposition Senator 
Edmund Muskie and his Air and Water 
Pollution subcommittee 1s not happy 
about it, nor 1s the Natural Resources 
Defense Council (NRDC), a public 
interest law group which has fought 
many a legal battle with the government 
and won 

NRDC lawyers fired off a letter to 
Love’s office last week, suggesting that 
his proposal 1s “a shocking attempt to 
make Americans’ lungs bear the burden 
of the Admunistration's failure to take 
meaningful steps to 1mprove our short- 
term energy situation” Not only that, 
but the energy office has acted illegally 
in failing to produce a statement giving 


on an informal, but fairly regular, basis 
in the future, and he also said that he 
hopes to be able to incorporate in 
Science policy decisions the work that 
the societies themselves are doing on 
such problems as manpower planning 
There are also plans to call together a 
group of representatives from industry 
1n October, to discuss means for bring- 
ing the industrial viewpoint to bear on 
science policy 

For their part, the scientific societies 
had already begun to consider how they 
could make the views of their members 
known to the Washington decision 
makers, well before Stever called them 
to a meeting Early in July, for 
example, the heads of some 13 societies 
formed a Committee of Scientific 
Society Presidents, under the chairman- 
ship of Dr Alan Nixon, President of 
the American Chemical Society, with 
the intention. of working for *a con- 
structive national science policy" 
Although the committee has no paid 
staff and no budget, the newly opened 
lines to Stever and his staff could 
strengthen its voice 1n national affairs 
Nevertheless, an informal committee 
giving informal advice to the science 
adviser still does not giye the scientific 
community a powerful and continuing 
voice in the corridors of power 
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details of the environmental impact of 
its proposal, as required by the National 
Environmental Policy Act (NEPA), the 
lawyers suggest. Such an impact state- 
ment, which 1s required by NEPA for 
all government projects having an 
impact on the environment, should 
spell out exactly what 1s being proposed, 
and alternative methods of approach 

One possible method for alleviating 
fuel shortages this winter, NRDC 
suggests, is for the federal government 
to require some meaningful] conserva- 
tion measures, instead of the almost 
derisory moves in that direction which 
have been made so far Moreover, the 
letter points out that the energy office 
has not said which regions will be 
affected by relaxation of pollution con- 
trols, how long they are likely to last, 
or how great the shortage of fuel 1s 
likely to be For its part, the energy 
office says that 1t does not know the 
answers because they depend on how 
cold it 1s going to get 

Already the Congress is putting final 
touches to legislation which will clear 
away all obstacles to construction of 
the Alaska pipeline although environ- 
mentalists will probably fight the legisla- 
tion in the courts on the grounds that 
it 18 unconstitutional, and as a last resort 
they are considering the possibility of 
bringing an antitrust suit. against. the 
companies intending to build and 
operate the pipeline And automobile 
manufacturers have now been given the 
extra year they want to develop exhaust 
clean-up technology But there are at 
least four other major issues which will 
be fought out in the next few months 
They are strip mining of coal, exploita- 
tion of offshore oil and gas reserves, 
extraction of oil from shale ın the Rocky 
Mountains, and an attempt to weaken 
the Clean Air Act 

A. far as strip mining 1s concerned, 
the United States possesses more than 
half of the world’s reserves of coal, and 
much of the low sulphur deposits lie 
close enough to the surface to be 
extracted by opencast mining Already, 
whole areas of the Appalachians have 
been stripped of coal, leaving behind 
massive destruction of mountainsides, 
streams and vegetation, and large-scale 
strip mining 1s likely to begin soon in 
the Midwest, particularly ın Montana 
Although some opponents of strip 
mining are demanding nothing less than 
a total ban on the method, the battle 
lines are being drawn chiefly around 
bills before Congress which are 
designed to force coal companies to 
repair the damage wrought by their 
coal shovels—the largest of which can 
scoop up 2,000 tons of soil and coal 
at a single bite At issue 1s the 
stringency of the regulations requiring 
the coal companies to fifl in and 
revegetate the “scars left on the land 
Similarly, proposals to exploit the off- 


shore deposits of oil and gas and the 
Rocky Mountam oil shale fields are 
being fought chiefly to ensure that 
exploitation of the energy resources 1s 
accompanied by adequate environ- 
mental protection 

In the long run, the outcome of the 
various confrontations between the 
desire to protect the environment and 
the need for adequate supplies of 
energy is likely to depend, in large 
part, on how Mr Train guides the EPA 
in the next few months He ıs on 
record with a number of tough speeches 
criticizing those who have made the 
environment the whipping boy for the 
energy crisis, and he has spoken out 
against the move ın Congress to exempt 
the Alaska pipeline from further review 
under NEPA And last week he re- 
iterated his support for the thrust of 
NEPA and the Clean Air Act and said 
“I am not a rubber stamp for the 
Administration" In particular, a criti- 
cal factor will be whether Train's voice 
in the White House will be equal to that 
of Governor Love and his Office of 
Energy Policy Differences of opinion 
are already emerging between EPA and 
Mr Love's office, and the compromises 
that will eventually be reached will set 
the basis for environmental policies for 
many years to come 


HUMAN EXPERIMENTATION 


No More Abuse 


by our Washington Correspondent 


THE Senate last week voted to set up 
a national commission to safeguard the 
rights and welfare of those who take 
part as experimental subjects in bio- 
medical or behavioural research The 
move 1S a direct response to a number 
of recent disclosures of total disregard 
for human rights in some researeh 
projects, perhaps the most notorious of 
which was the so-called Tuskegee study 
of the effects of syphilis, 1n which treat- 
ment was withheld for 40 years from 
some 200 poor black men who were 
known to have the disease The Senate 
decreed that all grants and research 
contracts should be subject to peer 
review before they are awarded by the 
National Institutes of Health or the 
National Institute of Mental Health 
The Senate also called for a thorough 
study of the ethical, legal and scientific 
implications of psychosurgery, and 
voted to ban research on living foetuses 
—at least until the proposed commis- 
sion had a chance to study the matter 
A commission to protect the rights of 
experimental subjects was proposed by 
Dr Bernard Katz of Yale University 
during hearings held by Senator Edward 
M Kennedy’s Health subcommittee, 
and it was written mto a research 
training bill by Kennedy and his com- 
mittee Made up of eleven members 
appointed by the President and drawn 
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from a variety of disciplines, the com- 
mission would be charged with the task 
of drawing up mandatory regulations 
governing all clinical research supported 
by the Department of Health, Educa- 
tion and Welfare (HEW) The com- 
mission would eventually oversee the 
implementation of the regulations 

In short, the commission would estab- 
lish guidelines for the selection of sub- 
jects and for obtaining their consent to 
take part in biomedical research pro- 
jects, and it would draw up risk-benefit 
criteria for deciding whether individual 
research projects are justified The 
commission would also be required to 
recommend to Congress sanctions that 
can be invoked if the regulations are 
violated, and suggestions for compen- 
sating individuals who are injured as 
a result of their participation in a 
research project Although the bill 
stipulates that the commission would be 
concerned only with research funded by 
HEW, it also suggests that the commis- 
Sion should consider ways to bring all 
human experimentation in the US 
under its purview 

A key component of the proposal 
is the setting up, in every institution 
receiving HEW funds for clinical 
research, of institutional review boards 
which would be certified by the com- 
mission The chief function of the 
boards would be to ensure that the 
regulations are properly implemented 
at the working level, and if necessary 
they would refer disputes to the com- 
mission for arbitration Every institu- 
tion receiving funds from HEW for 
clinical research would be required to 
set up review boards 

As for the other provisions in the 
Senate bill, like the House version of 
the legislation, it calls for some $208 
milion to be spent on biomedical 
research training grants in the present 
fiscal year This 1s 1n contrast to the 
Admunistration’s recently announced 
decision to spend only $30 million this 
year on a new training programme, 
and eventually to build up the expendi- 
ture to some $90 million in three years’ 
time Whatever Congress finally 
decides to vote, however, it can be 
assumed that the Administration. will 
release only what it wants to spend 

Finally, the bill includes a provision 
demanding that all grants and contracts 
awarded for biomedical research should 
be subject to peer review The pro- 
vision was included in the bill in 
response to suggestions earlier this year 
that the Office of Management and 
Budget had the knives out for the peer 
review system because it made the 
allocation of research money 1nsensiti- 
tive to central management control. 
Those suggestions caused such an out- 
cry from the scientific community, how- 
ever, that wholesale butchering of the 
peer review system now seems unlikely 
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Neutral Current in Weak Interactions? 


GARGAMELLE was Gargantua’s mother She had a dread- 
ful and Rabelaisian labour before finally bringing her 
great child into the world Nowadays Gargamelle 1s a 
giant heavy-liquid bubble chamber at CERN A vast 
collaboration of physicists from seven European labora- 
tories—Aachen, Brussels, Milan, Ecole Polytechnique, 
Paris, Orsay and University College, London- -has been 
acting as midwife to the delivery of her most recent result 
(presented at the conference on neutrino physics held 
last month in Bonn) In this case the labour has also 
been long, not because the offspring was caught up in her 
internal workings, but because the data were embedded in 
background 

The chamber was exposed to a neutrino beam and to 
an antineutrino beam The kind of events which were 
expected always includes a fast charged muon in the final 
state, along with strongly-interacting pions, protons and 
neutrons from the breakup of the struck nucleus The 
process of changing the incident neutrino into a charged 
final muon 1s called a “charged-current” interaction But 
in Gargamelle more than 160 events have been seen which 
look exactly like charged-current events, except that there 
1s no muon in the final state It 1s impossible to prove for any 
of these events, taken by itself, that it was a neutrino inter- 
action, but no alternative explanation has been found which 
could account for even one quarter of the number of 
events seen A long list of background processes has 
been investigated (as described by Hasert et al 1n a forth- 
coming issue of Physics Letters) but none can reproduce 
the observed properties of the sample of events, either 
qualtatively or quantitatively For comparison, about 
570 charged-current neutrino events were seen in the same 
film, showing that the neutrino flux was more or less as 
expected 

If 1t 15 accepted that most of the 160 events were induced 
by neutrinos, then the most attractive explanation 1s that 
they are “neutral current" events, in which the incoming 
neutrino or antineutrino has scattered inelastically, but 
kept its identity The old-established theories of weak 
interactions forbid this, but a family of new theories, due to 
Weinberg and others, requires such neutral currents 
These new theories not only attempt to explain the weak 
interactions more fully , if successful they will establish 
that the weak interaction and the electromagnetic inter- 
action are two aspects of the same force 

Some properties of the weak interaction are very 
analogous to electromagnetic interactions at the most 
fundamental level Both weak and electromagnetic pro- 
cesses are, for instance, described in terms of currents, a 
concept of quantum field theory which 1s remotely related 
to the everyday electric current But calculations of 
weak processes have been very crude because the theory 
could not be “renormalized” Renormalization ıs the 
formal technique which removes infinities and other 
nonsense properties from the theory of quantum electro- 
dynamics and allows exact calculations to be made for 
electromagnetic processes The new theories attempt to 
renormalize the weak interaction too, but in doing so they 
predict hitherto unobserved phenomena In order to 
cancel out infinite terms from the crude conventional 


calculation of weak processes, other unconventional 
infinite terms must be introduced These terms are not 
just mathematical tricks If they are present they will 
give rise to one or two physically observable properties , 
neutral weak currents of the kind Gargamelle has probably 
discovered, or a new type of heavy lepton like a massive 
electron or muon Some theories require both neutral 
currents and heavy leptons Groups at CERN and at the 
National Accelerator Laboratory at Batavia, Illinois, 
are looking for heavy leptons but no firm claims have yet 
been made, though a Harvard group at NAL, led by 
Rubbia, has also reported evidence for neutral currents 
So far only a fraction of the film from Gargamelle has 
been analysed But to understand the neutral currents 
more thoroughly it will be necessary to study them in 
neutrino interactions on hydrogen, as well as collecting 
more of the events on heavy nuclei from the present 
Gargamelle experiment One of the most readily avail- 
able devices for studying neutrino-hydrogen interactions 
is Gargamelle herself, but with a propane filling (C3Hs) 
instead of freon (CF;Br) Gargamelle 1s better than a 
pure hydrogen chamber for this work because the propane 
1s a denser liquid, which will detect many of the neutrons 
and gamma rays in the final state Because there is 
pressure at CERN to close down Gargamelle before the 
propane experiment can take place, to save money for 
the new accelerator, a brisk debate 1s ın prospect The 
supporters of Gargamelle are not expected to go to the 
same lengths in defending their case as did their sixteenth 
century predecessors DM 


Thermoluminescent Dating 


THE various phenomena of luminescence provide useful 
diagnostic tools for the study of electron states in solids 
Among them is thermoluminescence, which has been 
applied since the late 1940s to the dating of geological 
minerals and more recently to the dating of archaeological 
specimens, particularly by M J Aitken and his team in 
Oxford The same phenomenon ts now in common use 
for dosage measurements 1n radiology 

Many non-metallic solids are at least feebly luminescent 
‘and of these many show the thermoluminescence effect, 
that 1s, emission of luminescence on warming 1n the dark 
after suitable excitation at ordinary or lower temperatures 
In the case of minerals and archaeological samples the 
excitation 1s the result of the cumulative effects of exposure 
to radioactive inclusions in the material or at the original 
site In the simplest cases, therefore, warming of such 
samples in the dark in the laboratory can give a light 
emission which can be a measure of the total dose of 


. eeXcitation and so, if the excitation 1s a steady process over 


the years, an indication of the sample age By laboratory 


e calibration with stardard radioactive sources the time 


scale can be established : 

The most elementary mechanism fos the thermo- 
luminescence effect is that which assumes excitation to 
put electrons into metastable states or electron traps from 
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which they escape by’a thermal activation process having 
a probability dependent on a Boltzmann type function 
C exp(—E/kT) where C 1s a constant, E another constant 
known as the trap depth, k Boltzmann’s constant and T 
the absolute temperature Such a function gives a very 
critical temperature dependence, for example, if for a 
given value of C traps of depth 0 1 eV hold electrons for 
a mean time of 2X10° s, then traps of depth 2 eV give 
mean lifetimes of 10? s Thus deep traps in solids form 
electron storage sites effective for geological times The 
simple model is, however, not realistic as Wintle has 
shown on page 141 of this issue of Nature Electrons 
leak away from traps at ordinary temperatures on account 
of what are effectively non-thermal processes Such 
effects have been known for a long time 1n inorganic solids 
and the transition of electrons from triplet, metastable 
states 1n organic molecules to the singlet ground states by 


Aged Sediments 


RECENT discoveries have pushed back the radio- 
metric ages of early crustal rocks to the extent that 
probable ages of at least 3,800 m y are now widely 
accepted These great ages are normally derived 
from analysis of such rocks as granites and granite- 
gneisses. Moorbath, O’Nions and Pankhurst now 
report on page 138 of this issue of Nature results 
of analyses of supracrustal rocks, including banded 
ironstones, from the Isua area of West Greenland 
near Godthaab, they deduce a probable age of 
3,760+70 my The geological setting presents 
familiar problems in these Archaean terrains, 
because the metasediments occur in a (refolded) 
syncline among granitic gneisses, and the interpre- 
tation of the contact 1s difficult because of intense 
deformation , however, the two groups show simular 
metamorphic grade 

The gneisses yield a whole rock Rb-Sr 1sochron 
age of 3,700+140 m.y The banded ironstones 
have provided Pb-Pb isochron ages of 3,760 +70 
my —a remarkable application of this technique 
to such ancient sediments—and there 18 evidence 
of severe uranium depletion at or before this time 
These ages are concordant, and the authors discuss 
the problems arising 1n a useful maner Although 
these are the greatest ages yet reported for water- 
laid sediments, the "country" gneisses of the 
Godhaabsfjord area enclose rafts and enclaves of 
earlier rocks, which include what may well be 
metasediments of still greater age The Isua meta- 
sediments are therefore at present to be regarded 
as the oldest to be dated, and their depositional 
age may well be greater, because the figure of 
73,700 my may well represent a subsequent 
metamorphic event It is clear that this early Pre- 
cambrian cratonic area of the central belt of Green- 
land deserves still further study to elucidate the 
time sequence, structural details and sedimentary 
emplacement among the Archaean rocks 

In addition to these interesting results, the 
communication also brings out some outstanding 
new applications of. Pb-Pb isochron work 

T.S W 
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direct but forbidden processes ıs also well known In 
1950 Garlick and Bull (Proc. phys. Soc Lond, 63, 
1283) reported a non-thermal phosphorescence decay 
involving loss of trapped electrons in diamond and having 
a lifetime of 10's Much later, similar effects 1n terrestrial 
labradorite and ın lunar soil samples were described 
(Garlick and Robmson in The Moon (edit by Runcorn, 
S K, and Urey, H), 324 JAU, 1972) 

There 1s no doubt that the existence of the anomalous 
loss of trapped electrons from storage sites 1n minerals 
and in other samples raises doubts as to the usefulness 
of the thermolumrnescence dating methods The effect 
can, however, be a minor one m many samples and the 
important procedure for anybody wanting to use the tech- 
nique 1s to determine the degree of anomalous fading 
This can be done, as in the work of Wintle, by studying 
the room temperature decay of the stored energy over 
sufficient time periods It 1s also wise to take only that 
part of the thermoluminescence curve, namely the high 
temperature section, which arises from the release of 
electrons from relatively deep traps There always 
remains the problem that tests for anomalous fading are 
limited ın time scale to weeks or months for practical 
reasons and so low rates of loss must then be extrapolated 
to thousands of years or more High accuracy of correc- 
tion of dating curves 1s thus not possible 

It 1s fitting to add some explanation of the anomalous 
fading effects 1n minerals and archaeological specimens 
It ıs now well known in luminescent and semiconducting 
solids that electron traps and luminescence emission 
centres are not remote from each other and that direct 
tunnelling of trapped electrons into centres can occur 
even at very low temperatures Such quantum mechanical 
effects depend strongly on trap-centre separations and on 
the extent of overlap of wavefunctions for trapping and 
centre states ; the last depend, for example, on trap depth 
and so for a typical mineral sample, or say pottery sherd, 
for which a wide distribution of trap depths occur there 
ıs a whole range of mean lifetimes for the anomalous leak 
process for trapped electrons Thus no simple decay law 
emerges and in fact it 1s not surprising that the curve of 
Fig 3 of Wintle’s communication does not follow a simple 
exponential form In the work of my team the common 
form 1s that of a power law process, produced by summa- 
tion of many exponential decays If Wintle’s data of 
Fig 3 are replotted on a log-log plot, a sensibly straight 
line graph results This indicates, as expected, a wide 
range of trap depth distributions 

It ıs also worth pointing out that both ın radiological 
dosimetry, using such thermoluminescent systems as 
lithium fluoride, and in mineral and archaeological 
specimen investigations there are other effects which can 
obscure the stored energy information One of these 1s 
the introduction of surface states on samples by adsorp- 
tion (of ambient water vapour, for example) Such states 
can provide leak paths for trapped electrons or even 
introduce spurious thermoluminescence effects. In most 
cases handling and operation 1n dry nitrogen seem to be 
effective in controlling or eliminating the unwanted 
disturbances It must also be admitted that grinding up 
of samples before thermoluminescence experiments could 
be an important source of disturbance of electronic states 
and of new surface states , most experienced workers make 
control experiments to determine the extent of such 
effects in every type of sample they- investigate. 

2 " GFIG 


~ 


NATURE VOL 245 SEPTEMBER 21 1973 


Predicting Earthquakes 


For some years now a body of evidence has been 
growing that there may be some premonitory symptoms 
of the occurrence of earthquakes Of course, in a restric- 
ted sense one can predict earthquakes by looking at a 
world map of seismicity, drawing one’s finger over all the 
seismic belts of the world and saying “it has happened 
there in the past and it will happen there again, because 
1t 1s 1n the nature of plate boundaries to continue to manı- 
fest themselves by earthquakes” This 1s not a very useful 
approach because although undoubtedly very sound ın the 
long term it imparts no immediacy to the problem of 
preventing people being killed by earthquakes And 
immediacy seems to be the only concern of most people 
residents of San Francisco and Los Angeles seem rela- 
tively unmoved by the prospect that there will be a major 
earthquake 1n the next fifty years 

One of the problems of predicting quakes in the past, 
however, has been a gloomy yet perfectly justifiable 
feeling that they may just happen when strains exceed a 
certain (unknown) value and that there simply 1s no prior 
revelation This still may be true of very many earth- 
quakes, and yet those who wanted to predict were 
encouraged by the signs that some earthquakes could be 
controlled, essentially by lubricating fault surfaces This 
meant that some earthquakes, at least, were sitting and 
waiting for the go-ahead and the message came from fluids 
in the vicinity of the fault And yet no amount of sitting 
and thinking about the problem would have revealed that 
there was an observable chain of events before some 
earthquakes occurred This needed observations which 
were, 1n a sense, random. They were certainly not directed 
specifically towards monitoring the fault surface itself 
which would have been the most obvious thing to do and 
certainly prohibitively expensive 

In the late 1960s 1t became clear that some results of 
importance were coming from Russian experiments ın the 
Garm area of the Soviet Union Many physical properties 
in an earthquake region were being monitored on a regular 
basis, such as random emissions, electrital resistivity, 
water levels in wells, magnetic field variations and seismic 
velocities Before earthquakes these properties would 
behave ın an unusual way Seismic velocity 1s a good 
example Days before an earthquake ıt would appear that 
the ratio of velocities of compressional and shear waves 
would drop quite steadily to a value at least 20% less 
than its unperturbed value Just before the earthquake 
the value would return to normal Russian science 1s 
clearly motivated in ways different from Western science, 
for this singular result which, if discovered in the 
United States, would have been published within months 
and advertised in every possible way, lay fallow for a 
long time—indeed much of the credit that earthquake 
prediction has advanced so far ın the past year or two 
belongs to the indefatigable Professor Lynn Sykes 
(Lamont-Doherty Observatory) who went to Garm to find 
out what was going on 

From then on the mexorable Lamont machine started 
rolling, and, as 1t has done several times in the past, did 
not take long to get answers They came from, of all 
places, upstate New York where Lamont had deployed 
some instrumentation to study small earthquakes It 
transpired that here too velocity ratio changes of up to 
20% were being observed, and these effects were spread 
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throughout a region considerably larger than the roughly 
planar surface of the fault 

Suddenly travel times 1n focal regions became all the 
rage and an important additional observation was made by 
Whitcomb, Garmany and Anderson, of California Insti- 
tute of Technology, that P-wave velocities in the vicinity 
of the San Fernando earthquake of 1971 seemed to have 
been perturbed for several years before the quake 

It became apparent at this Stage that the velocity 
anomalies and indeed other anomalies too were under- 
standable if dilatancy was behind it all (A report by 
Scholz, Sykes and Aggarwal (Science, 181, 803 , 1973) 
has recently packaged observational data and the makings 
of a physical theory rather neatly) A water-saturated 
rock under increasing stram may reach a stage where the 
opening of new cracks cannot be matched by the flow of 
fluid into these cracks The “pore pressure” thus drops 
and so does the compressional wave velocity This 
process, however, leads eventually to the rock being 
hardened and at this stage no more cracks form, but the 
water continues to flow into the unsaturated region This 
now increasing pore pressure (with compressional velocity 
returning to normal) leads finally to an earthquake by the 
same process’ as do the earthquake control experiments 
mentioned previously Thus, a train of events is set in 
motion some time before the earthquake occurs which 
mexorably leads to rupture, and furthermore the changes 
im physical parameters are sufficiently gross to be observed 
1n the general region of the earthquake Another attractive 
feature of this notion 1s that because the size of the dilated 
region will be related to the size of the fault length (and 
thus approximately to the magnitude of the earthquake) 
and also the duration of the above-mentioned processes 
will be controlled by diffusion processes in the dilated 
region, there should be a relation between the time dura- 
tion of the precursor and the size of the earthquake. 
Quite remarkably, this seems to be working out well— 
Scholz et al and Whitcomb et al have found an approxi- 
mate relation over three orders of magnitude in precursor 
time between the latter and the square root of the length 
of the ruptured zone 

Not all earthquakes appear to show these effects, and 
the boast of Scholz et al that “earthquake prediction 
appears to be on the verge of practical reality" 1s no more 
than an enthusiastic opinion , nevertheless, an enormous 
research field has opened up Up to the present many 
seismologists have been dubious of the data because of 
the great difficulty of reading seismograms (particularly 
shear wave arrivals) to the required accuracy A com- 
munication m this issue of Nature (see page 139) may 
Bo some way to dispelling these worries, as the readings 
were made not by participants in the frenzied activity of 
the past year but by Japanese technicians ten years ago 

Wyss and Holcomb examined the possibility that seis- 
mic stations sitting in the vicinity of potential earthquakes 
can see this velocity anomaly using compressional waves 
that have travelled nearly vertically through the dilated 
region from distant and entirely unrelated earthquakes 
One of the problems with work previously reported has 
‘been that sources of seismic waves have necessarily had to 
be small earthquakes in the focal zone, with the obvious 
disadvantage that 1t is more difficult to use standard seismic 
velocities to locate these quakes accurately than to use 
the accurate location but infer anomalous” seismic velo- 
cities Although this objection has been well known to 
Scholz et al and Whitcomb et al, and they have done 
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their best to obviate it, the work of Wyss and Holcomb 1s 
a great encouragement The authors studied the station 
Matsushiro in Japan before and after a large swarm of 
events in 1965 They simply used times of arrival of 
waves reported by the station operator and compared them 
with expected arrival times A large body of data is used 
And it ıs clear from their Figure 1 that the so-called 
residual 1s time varying The time duration of the nor- 
mal and its amplitude both fit in well with expectations 
from other information operators of the swarm , thus in 
hindsight an event could have been predicted 

This 1s a remarkable result which shows among other 
things that there are still good things in existing geo- 
physical data for those who can look for them with a 
new eye DD 


Sequencing the Messenger 


RECENT advances in sequencing RNA molecules have 
been at once stimulating and frustrating Direct com- 
parison of the nucleotide and amino acid sequences has, 
of course, been a new and powerful probe te demonstrate 
the meaning of the genetic code But one of the most 
intriguing aspects of the RNA sequences at present identi- 
fied is the existence of quite long stretches of untranslated 
polynucleotide chain at the beginning and end of, and 
between, the genes Because the only RNA molecules 
which could be obtained in sufficient quantities to analyse 
were those of the RNA phages, the implications of this 
discovery are not unambiguous 

The RNA phage both serves as a template for protein 
synthesis by the ribosomes and must also be packaged 
into the limited space of the phage particle, so that the 
extensive features of secondary structure found in its 
3,500 nucleotides might be the response to the evolution- 
ary demands of either situation That the sequences 
additional to the genes themselves and their features of 
secondary structure are not the consequence of some 
demand of the translational apparatus 1s suggested by the 
absence of any noted homologies between the various 
initiation. and termination regions of the genes of the 
phages of the f2 and Q8 group But the discovery of 
untranslated sequences and of appreciable secondary 
structure 1n an RNA which serves as a messenger at 
least suggests that such parameters may be implicated in 
its translation To confirm or deny such concepts requires, 
of course, the characterization of some messenger of 
Escherichia coli which serves only the function of coding 
for protein The beginning of just such an experimental 
analysis 1s reported in the current issue of the Proceedings 
of the National Academy of Sciences by Bronson, Squires 
and Yanofsky (70, 2335 , 1973) in an extension of the 
work of Yanofsky and his colleagues on the tryptophan 
operon of E coli 

One considerable advantage offered to researchers on 
the tryptophan operon is the large number of bacterial 
strains which have been isolated with deletions of parts of 


it and the derivation from them of phage molecules ofe e 


$80 which carry particular regions of this operon 
Squires et al were therefore able tb isolate the RNA of 
the beginning of the tryptophan operon by hybridizing 
RNA syntheswed by one deletion strain of E col: with 
the DNA of a phage #80 p molecule carrying only the 
trpE gene (which thus provides the only homology between 
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the trp mRNA of the bacterium and that of the phage) 
By obtaining T1 ribonuclease fingerprints of the hybridiz- 
ing RNA, they were able to show that their complexity 
increases as the RNA 1s derived from a series of strains 
which possess increasing lengths of the start of the trpE 
gene The oligonucleotides found in deletion strains can 
therefore be assigned to different groups by their presence 
or absence in each strain, giving some indication of which 
part of the beginning of the trpE gene they represent 

From the sequences of some of these oligonucleotides, 
Squires et al deduced a stretch of forty-three bases which 
corresponds to the first eleven amino acids of the poly- 
peptide specified by the t/pE gene Confirmation of the 
identity of the nucleotide and protein sequences was 
elegantly provided by the demonstration that the 
messenger sequence represented by these oligonucleotides 
is altered by genetic mutants in the starting region of the 
trpE gene The absence of these particular nucleotide 
sequences in two deletion strams with the least part of 
the irpE gene (identified as such by genetic analysis) 
indicates that the sequence coding for the start of the 
protein does not lie at the 5’ end (the starting region) of 
the messenger It must therefore be preceded by a 
nucleotide sequence which ıs either untranslated, or which, 
if translated, specifies some small polypeptide the existence 
of which has previously been quite unsuspected 

The example of the RNA phages argues that the 
sequence on RNA representing the frpE gene 1s most 
probably preceded by a sequence of RNA which ıs not 
translated In the RNA phages, this sequence extends 
for an appreciable distance, of the order of 200 nucleo- 
tides How great ıs this distance in the fp messenger? 
The total length of nucleotides present in the strains 
possessing most of the beginning of the frpE gene and 
absent from the deletion possessing only the initiation 
sequence of its protein 1s of this same order of size—the 
untranslated sequence must be at least [50 nucleotides 
long 

Most of the functions which have been attributed to 
the *leader" sequence of the phage RNAs are inapplicable 
to a bacterial messenger, which does not need to be com- 
pressed into a bhage particle and which does not recognize 
an RNA replicase to catalyse its reproduction That this 
sequence may have some regulatory role in the tryptophan 
operon 1s suggested by the previous observation of Jackson 
and Yanofsky (J molec Biol , 76, 89 , 1973) that the dele- 
tion mutants lacking this part of the operon synthesize 
increased amounts of the tryptophan messenger Some 
mechanism which acts on this region thus seems to achieve 
a repression of the operon which 1s independent of the 
usual repression mediated by the interaction of repressor 
and operator In an intriguing preliminary report of 
attempts to sequence the beginning of the tryptophan 
operon messenger, Cohen, Yaniv and Yanofsky (J molec 
Biol , 74, 163 , 1973) observed that distinct and reprodu- 
cible bands are produced on gel electrophoresis of its 
mRNA They suggested that these bands might be the 
result of cleavage in vivo of the RNA at a small number 
of specific points Whether this cleavage might be related 
to the regulatory mechanism which seems to act in this 
region 1S, of course, at present a matter for speculation 

Although originally hailed as the beginning of a detailed 
analysis of messengers which would throw new light on 
the controls and interactions of transcription and transla- 
tion, the sequencing of RNA phages has recently come to 
be regarded as an interesting and important contribution 
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to molecular biology, but oneneverthe- 
less which fails to say much about the 
mechanisms of nucleic acid metabo- 
lism in the uninfected bacterial cell 
The tantalizing hint thrown up by the 
report of Squires et al is that the 
parallels between phage RNA and 
messenger RNA may after all show 
the type of relationship originally 
attributed to them If bacterial mes- 
sengers prove to have the same class 
of secondary structure and untrans- 
lated sequences which prevail in the 
phages, mechanisms now only dimly 
suspected may prove to be of critical 
importance in gene expression 


From our Molecular Genetics 
Correspondent 


SPINA BIFIDA 


Stopping a Second Strike 


from a Correspondent 


Ir is distressing for any family to have 
a child with hydrocephalus or spina 
bifida—to produce further children with 
similar defects is a tragedy, yet the likelt- 
hood of doing so is variously estimated 
at l! in 5 or 10 

Efforts are being made to diagnose 
the affected foetus so that the parents 
may be offered termination of that preg- 
nancy Ultrasound may detect enlarge- 
ment of the foetal head, and X ray may 
Show an abnormally large head and 
defects of the spine, but some affected 
foetuses may remain undetected by 
both these methods until the pregnancy 
has proceeded too far for an abortion 
to be carried out safely Tt now seems 
that the measurement of a-foetoprotein 
in the amniotic fluid may be the solution 
to this problem 

A retrospective study published last 
year suggested an association between 
a-foetoprotemn and congenital abnor- 
malities of the central nervous system 
The technique involves obtaining 
samples of the fluid surrounding the 
foetus by amniocentesis—introducing a 
needle through the mother’s abdominal 
wall and uterus into the amniotic sac 
This technique ıs not without hazards 
It may possibly induce abortion by 
uritation of the uterus, or haemorrhage 
by piercing the placenta, but it 1s already 
widely practised for the detection of 
other disorders such as rhesus haemo- 
lytic disease Technically amniocentesis 
i$ not difficult to perform after 10 to 
12 weeks, but before this difficulties 
arise due to the small volume of fluid 
present 

Now the results of a prospective study 
have been published (Allan ef al, 
Lancet, n, 522, 1973) Yt ıs based on 
120 samples of amniotic fluid, mostly 
collected for other investigations, such 
as the detection of haemolytic disease 


or chromosome abnormalities, but some 
coming from twenty patients with a 
history of at least one previous preg- 
nancy 1nvolving a gross abnormality of 
the central nervous system 

The results show a good correlation 
between high a-foetoprotein levels and 
affected foetuses, particularly for 
samples taken between 12 and 20 
weeks’ gestation This is the time 
when amniocentesis 1s most conveniently 
performed, and 1s still sufficiently early 
for a foetus to be aborted if necessary 

Very high «-foetoprotein levels were 
found in seven of nine samples from 
pregnancies in which the foetus turned 
out to have a gross neural tube defect— 
the two apparently normal samples from 
this group were taken at 6 and 39 weeks’ 
gestation so do not detract from the 
significance of the results since these are 
outside the normal limits for amnio- 
centesis Two of the seven samples 
were from patients with a history of 
nervous system abnormalities in pre- 
vious pregnancies ‘These two patients 
accepted termination, and the foettises 
had abnormalities of the central nervous 
system 

So of the twenty patients particularly 
at risk because of their history, two have 
already had terminations The remain- 
ing eighteen had normal o-foetoprotein 
levels and six have already delivered 
normal infants Unfortunately the 
work was published before the outcome 
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of the other twelve pregnancies was 
known, but it already looks as if this 
method is going to be the best way of 
spotting recurring cases of neural tube 
defects 


PALAEOZOOLOGY 


Ancestry of Chordates 


from a Correspondent 


ONE of the most controversial questions 
to have taxed the minds of zoologists is 
to which of the great invertebrate 
groups are the vertebrates most closely 
related Few people would argue today 


that the echinoderms fill this role The 
evidence for this view is largely 
embryological both groups are deuter- 


ostomes (those bilaterally symmetrical 
animals in which the embryonic blasto- 
pore becomes the anus) What is still 
a matter of debate, however, are the 
relations of two smaller groups of living 
deuterostomes—the urochordates (sea 
squirts) and cephalochordates (Amphi- 
oxus)—to one another, and to the 
echinoderms and vertebrates The view 
currently accepted places Amphioxus, 
derived by neoteny from the tadpole 
larva of urochordates, close to the 
origin of the vertebrates 

Jefferies (Phil Trans R Soc, 265, 
409 , 1973), in drawing attention to the 
recent findings of other workers, now 
removes Amphioxus from this position 


i E cU cue e. ME em PON 
B-cell Mitogens in vitro do not Require Complement 


BIOLOGICAL scientists, attempting to 
wrest order from the materials of their 
Investigations, often adopt unifying 
hypotheses With almost the same high 
frequency, such attempts at formulation 
of rules are found to have exceptions, 
ofgen so numerous as to invalidate the 
original generalization An instance of 
such reappraisal emerges from the 
communication of Janossy et al in 
Nature New Biology for September 26 
Janossy and his colleagues used 
various preparations of bacterial lipo- 
polysaccharides (LPS) to stimulate the 
lymphocyte populations in mouse spleen 
in vitro, and conclude, first, that various 
LPS populations have mitogenic actı- 
Vity , second, that the response is pre- 
dominantly of B lymphocytes (that is, 
those cells not derived from the thymus), 
and, third, that the response is poly- 
clonal and not equivalent to the “clonal” 
responses to specific antigens They note 
that although their various LPS prepara- 
tions differed in thtir capacity to acti- 
vate complement there was no correla- 
tion between this psoperty and mito- 
genicity On this basis their first thought 
was that complemept, and ın particular 
C3 activation, is not necessary for 
B-cell mitogenicity in these conditions 
Janossy et al then undertook a series 
of experiments designed rigorously to 


remove or destroy the C3 component of 
complement in their cultures However 
hard they tried they were unable by 
the various exclusion methods to demon- 
Strate significant diminution. of the 
response of B cells to LPS They con- 
clude that their results provide no 
support for the notion that C3 activa- 
tion is a prerequisite for the direct 
triggering of B cells by LPS (or poke- 
weed mitogen) This interpretation 1s 
in line with other studies which have 
shown that agents which destroy C3 
reduce or suppress T (thymus-derived) 
cell dependent immune responses but 
do not affect T independent responses 
Other workers, however, have proposed, 
partly on the basis of the demonstration 
of C3 receptors on B cells, that C3 is 
important in the non-specific stimulation 
of B cells 

It seems that although the import- 
ance of C3 in the codperative activities 
of B cells with T cells 1s likely, the direct 
stimulation of B cells does not involve 
complement Furthermore, it ıs prob- 
ably coincidental that some B-cell mito- 
gens can activate the alternate comple- 
ment pathway (by way of C3) Janossy 
et al maintain that it is the efficient 
multipoint cross-linking of surface 
receptors by polymeric ligands which 
determine B-cell mitogenicity in vitro 





Jefferies’s restoration of Lagynocystis, 
an ancestor of Amphioxus? (from Phil 
Trans R Soc, 265, 1973) 


The urochordate tadpole and vertebrates 
share specializations — for example, 
motor endplates — which Amphioxus 
does not Jefferies reports that he has 
found fossil evidence for his view in 
a hitherto obscure group, previously held 
to be primitive echinoderms These, 
which he has renamed the calcichor- 
dates, he has resurrected (in a series of 
papers) with spectacular success He 
considers one group of calcichordates, 
the mitrates, to be the common ancestors 
of Amphioxus on the one hand, and of 
the urochordates and vertebrates on the 
other The common specializations 
which Jefferies believes are shared by a 
group of swimming mitrates and verte- 
brates are “a brain, a complex nervous 
system and a body clearly separate from 
the tal” Amphioxus on the other hand 
he considers to be descended from 
Lagynocystis, a burrowing  mutrate, 
which he describes in this new paper 

It must be said, however, that many 
of Jefferies’s colleagues find it difficult 
to accept such a radical reassessment of 
the phylogeny of Amphioxus In try- 
ing to convince them Jefferies ıs up 
against the perennial problem faced by 
palaeontologists when describing groups, 
such as the calcichordates, which are 
very different from any living today 
There 1s no way of knowing whether the 
soft parts have been accurately identi- 
fied , this being the case 1t 1s difficult to 
see how hypotheses concerning the 
evolutionary relationships of such 
animals can be tested 


ECOLOGICAL GENETICS 


Genic Heterozygosity 


from a Correspondent 


Selander and Kaufman in a recent 
paper (Proc natn Acad Sa,USA,70, 
1875 , 1973) use data from their own and 
other electrophoretic studies to show 
that populations of invertebrates have 
higher levels of heterozygosity than do 
those of vertebrates In the inverte- 
brates studied, polymorphisms occur at 
a higher proportion of loci and, on 
average, more alleles are segregating at 
each polymorphic locus than in the 
vertebrates By suggesting that these 
differences reflect different ways ın 


which populations of small and large 
organisms experience their environ- 
ments, the authors “take sides” in two 
independent controversies 

First, to account for allozymic varia- 
tion in adaptive terms implies non- 
acceptance of the view expressed by 
several mathematical geneticists that ob- 
served levels of heterozygosity are too 
high to be maintained by natural selec- 
tion, and that most of the electrophoretic 
variants must be of neutral survival 
value relative to each other 

Second, in order to predict differences 
in the mode of action of selection on 
vertebrates and invertebrates, Selander 
and Kaufman use Levins's conclusion 
(Evolution in Changing Environments, 
Princeton University Press, 1968) that 
polymorphism 1s the response of a popu- 
lation to a spatially or temporally un- 
predictable environment For example, 
where a population exists 1n a spatially 
variable environment, each individual 
may either spend most of its lıfe in one 
type of “patch” or may cover most of 
the ‘different types m the proportion in 
which they occur In the first case, 
which Selander and Kaufman argue 1s 
general for invertebrates, including 
larvae of flying 1nsects, because of their 
small size, low mobility and limited 
potential for homeostatic control, differ- 
ent individuals m the population are 
exposed to different environments In 
the second, supposedly more characteris- 
tic of vertebrates, each individual must 
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survive in all environments Levıns’s 
conclusion that the first type of selection 
leads to polymorphism whereas the 
second tends to give a single all-purpose 
genotype sounds logical, but has been 
criticized by Hamilton (Science, NY, 
167, 1478 , 1970) who found that 1t was 
based on unrealistic population dynamic 
assumptions. 

Although Levins has shown that poly- 
morphism is the optimum population 
strategy in an unpredictable environ- 
ment, the classical view has been that 
disruptive selection, that 1s, selection 
acting 1n more than one direction simul- 
taneously does not give rise to poly- 
morphism unless the selective advantage 
of an allele ıs dependent on its 
frequency, such that individuals with 
rare alleles are favoured Thus, 
it seems that the degree to which 
Levins’s conclusions apply must depend 
1n part on the balance between selection 
pressures acting at the population and 
individual levels This question itself 
1s complex and controversial, the out- 
come being much dependent on the 
population structure of the species con- 
cerned 

For these reasons ıt seems that, if the 
term “neo-Darwinist” 1s to lose 1ts aura 
of condescension, the *neutralists" must 
be attacked in other ways This can 
be done by basing predictions of the 
action of natural selection on specific 
metabolic functions of the enzymes con- 
cerned, or by detailed ecological and 





Isolation of H Chain mRNA Precursor 


Stevens and Williamson have previously 
reported that myeloma cell heavy (H) 
chain mRNA binds to the total protein 
H,L, and that, after precipitating with 
antiserum to H,L,, the RNA can be 
recovered Using this method thie 
different RNAs have been isolated , 
two were found in both nucleus 
and cytoplasm, but the largest only in 
the nucleus The two smaller RNAs 
were shown to direct the synthesis of 
H cham when injected into Xenopus 
laevis oocytes and in Nature New 
Biology next Wednesday (September 26) 
Stevens and Williamson describe a 
technique which allows the largest RNA 
to be isolated ın sufficient quantity for 
injection into oocytes Increasing the 
concentration at which the cells are 
grown from 57X10* to 10" cells ml! 
results ın an accumulation of nuclear 
RNA until 80% of the RNA isolated 
by binding it to DL, ıs nuclear in 
origin After separating the three 
RNAs on polyacrylamide gels the 
largest can be elutét for injection into 
oocytes This results in the production 
of myeloma H chafns, 

Because the largest RNA contains the 
sequence of nucleotides which codes for 
H chain and is confined to the nucleus, 
it seems likely to be the precursor of 


cytoplasmic H chain mRNA To prove 
this the authors performed pulse-chase 
experiments and were able to show that 
the largest RNA 1s synthesized before, 
and gives rise to, the smaller RNAs 
The cleavage takes place in the nucleus 
—the whole procedure being analogous 
to the production of ribosomal RNA 
The two RNAs (which appear in both 
the nucleus and cytoplasm), although 
apparently very different in molecular 
weight (6X10° and 31x105, are not 
thought to represent different stages in 
the processing of mRNA _ Their true 
molecular weights are probably much 
closer—the large difference arising from 
different electrophoretic mobilities 
depending on whether or not they con- 
tain poly(A)-rich sequences 

Previous attempts to demonstrate a 
precursor-product relationship between 
high-molecular-weight nuclear RNA and 
cytoplasmic mRNA have not been com- 
pletely successful because of the diffi- 
culty of working with both easily 
labelled and uniquely identifiable RNA 
molecules Stevens and Williamson 
have met this difficulty by using differ- 
entiated cells which grow in culture with 
the result that the precursor—product 
relationship is most successfully demon- 
strated 
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genetic comparisons of closely-related 
species or populations of a single species. 
Differences between vertebrates and 
invertebrates are too many and too 
intangible to be valuable ın this type of 
comparison 


VAN DER WAALS 


Honoured Again 


from our Statistical Mechanics 
Correspondent 
VAN DER WAALS’S own university of 
Amsterdam celebrated the centenary of 
the publication of the famous equation 
by organizing a conference on statistical 
mechanics (under the auspices of the 
International Union of Pure and Applied 
Physics) which took place between 
August 26 and 31 Jt was on altogether 
a larger scale than the Centenary Con- 
ference held at the University of Kent 
in April (see Nature, 243, 263 , 1973), 
the programme of which was practic- 
ally confined to liquids and critical 
phenomena 

'The main emphasis of the conference 
was on the fields opened up by van der 
Waals—the equation of state, corres- 
ponding states and scaling laws, mix- 
tures and surface tension It was 
possible to hear all the invited papers 
(if not all the contributed ones), which 
should retain therr interest as surveys 
for many years to come One was con- 
tinuously reminded that science almost 
never advances ın the clean and tidy way 
that might be imagined from a super- 
ficial reading of its history 

For example, J de Boer (University 
of Amsterdam) and M J Klein (Yale 
University) showed what a gross error 
1t would be to say that van der Waals 
simply used some then current ideas to 
give a nice interpretation of the work of 
Andrews In fact, van der Waals’s real 
roots go back to Laplace and Newton 
J M H Levelt-Sengers (US National 
Bureau of Standards) recalled that dis- 
crepancies between experiment and the 
van der Waals critical exponents were 
known in 1900, but had to wait until 
1965 for a satisfactory interpretation 
Scaling laws and their possible origins 
were discussed by B Widom and K G 
Wilson (both of Cornell University) 
J L Lebowitz (Yeshiva University) 
showed that the equilibrium van der 
Waals equation can now be rigorously 
derived, but that serious doubts remain 
about the metastable regions of the 
van der Waals loop, which were also 
discussed by J S Langer (Carnegie- 
Mellon University) 

Difficulties become even more severe 
when attempting to discuss apparently 
simple transport phenomena in a fluid, 
as was shown by P M Résibois (Free 
University, Brussels) and by B J Alder 
(University of California, Livermore) 
R B Griffiths (Carnegie-Mellon Univer- 


sity) discussed the new phenomenon of a 
"tricritical point" that occurs with mix- 
tures, E M P Guyon (University of 
Pans, Orsay) described instabilities in 
liquid crystals and E B Smith (Univer- 
sity of Oxford) surveyed present know- 
ledge of intermolecular potentials, the 
raw material of theory Exactly soluble 
models of phase transitions were 
reviewed by E H Lieb (Massachusetts 
Institute of Technology) and melting, 
obviously a much more complicated 
phenomenon than evaporation, was 
dealt with by H Mori (Kyushu Unrver- 
sity) , this last contribution provoked a 
lively, but quite friendly, discussion 
J van Kranendonk (University of 
Toronto) showed what detailed 1nforma- 
tion 1s now available from spectroscopy 
about mechanisms of collision, induced 
dipole moments and the formation of 
bound complexes 

A sad note was struck by the contri- 
bution on specific heats by A V 
Voronel (USSR) (read 1n his absence by 
C Domb) which called attention to the 
difficulties caused by gravity (not fully 
appreciated until the 1950s), the necessity 
for stirring and surprisingly that, from 
the point of view of deriving critical 
exponents from experimental results, 1t 
can matter very much which of several 
possible alternatives one chooses as the 
definition of the “order parameter” 
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Troodos as Are Volcano 


from our Geomagnetism Correspondent 


THE search for evidence to support the 
idea that the Troodos Massif of Cyprus 
1s an upthrust fragment of ancient ocean 
floor has been going on for more than 
a decade During this period there have 
been several individual disappointments 
and setbacks, although the chief prob- 
lem has been not so much the un- 
welcome discovery of evidence conflict- 
ing with the ocean floor hypothesis but 
the inability to obtain data giving un- 
equivocal support As a result, the 
hypothesis has had few, if any, active 
opponents, and most people with an 
interest in the situation have been con- 
tent either to suspend judgment or to 
accept the circumstantial evidence 
But this happy consensus has now 
been broken by Miyashiro (Earth planet 
Sc: Lett, 19, 218, 1973), who argues 
agamst one of the basic concepts in- 
volved The Troodos Massif is, of 
course, an ophiolite complex, and in 
recent years it has come to be accepted, 
at least by supporters of plate tectonics, 
that ophiolite complexes were formed at 
oceanic ridges Miyashiro, however, has 
carried out an analysis which, he claims, 
shows that the Troodos rocks are chemi- 





Turbulent Gas Flows on the Moon 


THE idea that surface markings on 
some parts of the Moon were produced 
by supersonic turbulent gas flows is re- 
examined in next Monday's Nature 
Physical Science (September 24) by 
Rehfuss and Larson It has been pre- 
viously thought that these lineations 
were produced by outgassing, recent 
work by Rehfuss, however, pointed to 





Cross-hatching ablation pattern on 
teflon surface produced during tests 
at Marshall Space Flight Center 


an association with gas produced in 
vaporization during meteor impacts 
(J geophys Res, 77, 6303 , 1973). The 
second possibility now seems to be 
supported by a pattern of cross-hatching 
found at Silver Spur, a feature near the 
Apollo 15 landing site 

Diamond shaped patterns, or cross- 
hatching, are a common feature of wind 
tunnel ablation studies (see figure) and 
are also found on recovered flight 
vehicles Such patterns also occur on the 
Moon, notably where two sets of 
lineaments intersect about 20 km south 
of the Apollo 15 landing site, suggesting 
strongly that the area has experienced 
supersonic turbulent flow Such a flow 
can be produced in the expanding gas 
cloud which forms when a meteorite 
strikes the Moon at a speed above 
16 km s^, regardless of the size of the 
meteorite 

Clearly, 1f the model is correct then 
there should be a young crater near to 
the Silver Spur cross-hatching Rehfuss 
and Larson discuss the plausibility of 
the candidature of several nearby 
craters, and suggest that the best possi- 
bilities are Aristillus, Autolycus and 
Aratus If any of these three craters 
was produced by a meteorite impacting 
at sufficiently. high speed the impact 
could have produced the required turbu- 
lent flow at Silver Spur 
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cally distinct from those produced at 
oceanic ridges and more closely resemble 
the volcanic piles in immature island 
arcs with relatively thin oceanic-type 
crust In other words, he proposes that 
the Troodos Massif was created as a 
volcano ın an island arc between Eurasia 
and Africa 

The chemical basis of Muiyashiro's 
analysis 1s the variations of the ratio 
FeO*/MgO (an increase in which 1s a 
measure of the advances in fractional 
crystallization of basaltic magma) with 
FeO*, S10, and T10,—variations which 
enable distinctions to be made between 
the tholentic series and the calc-alkalic 
series of igneous rocks For example, 
when SiO, is plotted against FeO*/ 
MgO over the approximate FeO*/MgO 
range 2-5, the rate of increase in the 
S10, content as fractional crystallization 
progresses is found to be much lower 
for tholeutes than for calc-alkalic rocks, 
and a definite dividing line may be 
perceived between the low gradient 
tholeutic rocks and the higher gradient 
calc-alkalic rocks This distinction 1s 
even more convincingly demonstrated 
by the variations of FeO* with FeO*/ 
MgO As fractional crystallization 
proceeds in tholeutic rocks the FeO* 
content rises to a maximum and then 
decreases, in calc-alkalic rocks, by 
contrast, FeO* decreases monotonically 
A similar pattern 1s also observed for 
the variation of TiO, with FeO*/MgO. 
Moreover, these trends are apparently 
altered very little by metamorphism or 
other secondary procésses 

The relevance of these distinctions to 
the Troodos Massif 1s that certain of the 
Massif rock compositions fail to fall 
into the group expected on the basis 
of an origin at oceanic ridges Most, 
if not all, non-alkalic igneous rocks from 
the deep ocean floor are known to be 
tholentic Whether or not there are 
any calc-alkalic rocks of genuine ocean 
floor origin 1s still a moot point, but if 
there are, the results of dredging suggest 
they must be very rare Plots of S10,, 
FeO* and TiO, against FeO*/MgO for 
samples of the lower pillow lavas and 
the sheeted complex from the Troodos 
ophiolite sequence show, however, that 
a relatively high proportion follow the 
calc-alkalic trends described earlier 
The data points are quite widely scat- 
tered , and there can be no doubt that 
many of them represent tholeutic rocks 
as expected But for about one-third 
of the samples, S10, increases rapidly 
and FeO* and T10, decrease rapidly 
with increasing FeO*/MgO ın accord- 
ance with calc-alkalic behaviour 

The implication of the presence of 
such a high proportion of calc-alkalic 
rocks is that the Troodos Massif fs 
unlikely to have been created at an 
oceanic ridge Moreover, on the more 
positive side, a relative abundance of 
calc-alkalic rocks 1s more ín keeping 


with volcanism in island arcs and con- 
tinental margins, as Miyashiro himself 
recently showed (Am J Sct, 272, 629, 
1972) And to make his case even 
stronger, Miyashiro points to a possible 
modern analogue of Troodos Hachyo- 
jma ıs a small volcanic island in the 
northern Izu-Bonin Arc , and the FeO*, 
S10, and T10, plots for 1ts rock composi- 
tions bear a remarkable resemblance to 
the corresponding Troodos plots The 
chief difference is a smaller proportion 
of calc-alkalic rocks on the island In 
other words, in Hachyo-jima there 1s a 
volcano, demonstrably produced in an 
1sland arc environment, yet having a less 
developed calc-alkalic series than in a 
supposed segment of old oceanic floor 
where the occurrence of calc-alkalic 
rocks ıs theoretically unlikely 

But what of other geochemical work 
that has been taken to support the 
concept of Troodos as oceanic crust? 
Kay (Eos, 53, 536 , 1972), for example, 
claimed that the rare earth element 
abundance patterns from Troodos 
igneÓus rocks resemble those from 
abyssal tholeutes Miyashiro’s reply 
to this, quoting Schilling (Phil Trans R 
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Soc, A268, 663, 1971) as authority, 1s 
that the patterns from island arc 
tholeutes also resemble those from 
abyssal tholeutes—and so Kay’s data 
are also consistent with the concept of 
Troodos as island arc volcano A 
similar consistency 1s claimed for the 
Ti, Zr and Y abundances reported by 
Pearce and Cann (Earth planet Sci 
Lett , 12, 339 , 1971) 

Finally, as Miyashiro recognizes, one 
of the arguments in favour of Troodos 
being oceanic crust is the presence of 
dyke swarms (sheeted complex), inter- 
preted as representing oceanic ridge-type 
crust formation This does pose a 
problem ın that on island arc volcanoes 
such as Hachyo-j:ma no parallel dyke 
swarms are observed on the surface 
The deep structure of island arc vol- 
canoes is, however, little known , and 
so dyke swarms may exist at depth 
Moreover, a dyke swarm does not seem 
to be a necessary component of ophio- 
lite complex The Vourinos complex in 
northern Greece has both tholentic and 
calc-alkalic trends (again suggesting 
island arc formation) but no marked 
dyke swarm 





Benioff Slopes and Mineral Deposits 


METALLOGENIC belts near both old and 
new consuming plate margins have been 
related to the underlying presence of 
Benioff zones But although the models 
developed have incorporated Benioff 
zones which remain stationary or 
migrate oceanwards (to accommodate 
the production or extension of marginal 
basins) the zones have usually been 
regarded as having constant slopes In 
Natuie Physical Science next Monday 
(September 24), however, Mitchell 
argues that the slope of a Benioff zone 
ıs an important variable, governing not 
only marginal basin spreading and the 
migration of island arcs but also the 
nature of the deposits emplaced near 
continental margins 

As far as the tectonics 1s concerned, 
most island arcs overlying Benioff zones 
which dip at angles greater than about 
35° are associated with late Cainozoic 
extension of the marginal basins or, 
more rarely, major displacement along 
strike-slip faults Mitchell thus suggests 
that the development of marginal basins 
only occurs above Benioff zones with 
steep or moderate dip The variation 
of dip from one Benioff zone to another 
is, however, not the only sense 1n which 
dip may be regarded as variable, for 
the dip of a single zone may vary with 
time There is *seme evidence, for 
example, that the marginal basin spread- 
ing behind the Mareanas arc 1s cyclic, 
spreading only occurring when the dip 
IS steep, and that the changes in dip 
are related to changes in the rate of 
descent of the lithosphere 


Both between-zone and within-zone 
variations of dip are involved in Mit- 
chell’s more important thesis, which 1s 
that the type of metallogenic belt 
formed at any given time depends on 
whether the dip of the corresponding 
Benioff zone is shallow or steep 
Arguing from particular examples, 
Mitchell concludes that deposits of tin, 
tungsten, bismuth and fluorite and 
associated granites are emplaced near 
continental margins only above shallow- 
dipping Benioff zones Porphyry copper 
deposits, on the other hand, are emplaced 
in andesitic and tonalitic rocks on con- 
tinental margins and island arcs above 
steeply dipping Benioff zones, although 
they may also occur in silicic volcanic 
rocks above tin-bearing granites asso- 
ciated with shallow-dipping zones The 
occurrence of copper in both types of 
environment suggests, however, that it 
might be possible to recognize two 
gradational types of porphyry deposit— 
and there 1s already a little evidence for 
this It seems, for example, that copper- 
molybdenum deposits are more fre- 
quently observed in association. with 
silicic volcanic rocks (shallow dip) and 
that copper-gold deposits are more com- 
mon 1n the andesitic environment (steep 
dip) 

Finally, this work suggests the theo- 
retical possibility that Benioff zone 
models might be used to aid mineral 
exploration — Mitchell warns, however, 
that interpreting the distribution. of 
metallogenic belts 1s one thing but pre- 
diction 1s quite another 


— 
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Hope for the Technological Solution 


THOMAS J. BOYLE 


Lowell Observatory, Flagstaff, Arizona 86001 





The pollution crisis forecast by a well 
publicized ‘“‘world model" has been 
traced to a typographical error in the 
program. The corrected, slightly revised 
model shows growth being limited be- 


fore the year 2100 if the appropriate 
technology is introduced before the year 


2000. Affluence without restrictive 
social policies is apparently attainable. 


THE use of computer simulation to study the problem of 
population and industrial growth on a world scale has been 
published by Forrester! and Meadows? under the auspices of 
the Club of Rome Their models have generally forecast an 
“overshoot” mode for population, industnal output and food 
production which has been interpreted as human disaster 
involving billions of people before the year 2100 These 
workers were particularly pessimistic about the possibility 
of averting disaster through the use of conventional techno- 
logical and economic approaches Rather, they foresaw a 
need for social policies which have been seen by others? as 
restrictive of freedom 

Forrester and the Meadows team have invited alternative 
formulations or policy approaches The work reported here 
proceeded as follows The original computer programs were 
obtained and translated into the Fortran computer language , 
validation runs were then made on a small scientific computer 
(IBM 1130) and alternative policies were tested During the 
translation step using the Meadows model, a typographical 
error was noted in the original program listing—one number 
In a sequence was larger by a factor of 10 than its com- 
panions, this was corrected During validation, major dis- 
crepancies were found between the results from the trans- 
planted program and those originally published in three of 
the twelve runs reported These were positively traced to the 
numerical error noted The behaviour of the corrected ver- 
sion of the program was used to determine alternative policies 
These policies lead to simulation results which show that, 
through the use of conventional technology and economics, 
the world can achieve a growth-limited situation correspond- 
ing to widespread affluence 

When the typographical error is corrected, and no other 
changes are made, the response of the Meadows model is as 
shown in Fig 1 In this run, he has incorporated the follow- 
ing technological advances, effective in 1975 (1) World 
natural resources doubled over the "current best estimate" , 
(2) low cost energy supplies, which have made possible a 
reduction by a factor of four 1n resource consumption and 
pollution per unit of output, (3) agricultural technology 
which doubles the yield of land , (4) completely effective birth 





control used by all—but actual family size ıs a matter of 
personal choice 


Corrections 


According to the uncorrected Meadows model, a pollution 
crisis ensued in spite of the technological advances; a situa- 
tion which does not occur’ (On page 139, with reference to 
Fig 40, the authors say “Although a strict pollution control 
policy 1s still in effect, so that pollution per unit of output 1s 
reduced by a factor of four, industry grows so quickly that 
soon it 1$ producing four times as much output” Not so, 
output goes up by only a factor of about two, not enough 
to trigger a pollution crisis The reader can make a rough 
verification of this by comparing Fig 36 and Fig 40, using 
a straight edge to extrapolate industrial output per capita 
(population ıs similar ın the two Figures) and a scale to esti- 
mate the relative magnitudes ) As Fig 1 shows, the behaviour 
of the corrected model has the following favourable aspects 
world population stabilizes below 6,000 million with low birth 
rate and long life expectancy, pollution is under control 
The disturbing properties of the run are that food and 
industrial production have gone through overshoots and have 
fallen abruptly On balance, the world in 2100 has seen 
better days than we have seen or it will see again 

Any version of the model which stabilizes population and 
controls pollution warrants further study Apparently, the 
error noted earlier prevented the original workers from seeing 
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Fig. 1 Simulation results for the world model with extensive 

technological advances “introduced in 1975 The curves go 

through standard world statistics for 1900 and 1970 — Vertical 

scales have been omitted following the procedure of Meadows, 

scales are identical to those used by him a, Resofirces, b, food 

per capita; c, industrial output per capita, d, population, e, 
pollution. 
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how close technology had come to achieving a satisfactory 
limit to growth With the corrected run as a guide, it 1s con- 
tended that the technological policies are sound, but the 
economic policies in the simulation which control industry 
and agriculture are deficient 

A study of the agricultural section of the Meadows model 
reveals that the following aspects are simulated (1) The 
favourable effect on land yield of capital-intensive farming , 
(2) the possibility of bringing uncultivated land under cultiva- 
tion through the use of capital at a cost which increases as 
the supply of land decreases, (3) the allocation of capital 
between capital-intensive farming and new land development 
based on the marginal productivity of capital in each area, 
and (4) the irretrievable loss of soil fertility under over-inten- 
sive farming 

A study of the industrial section of the Meadows model 
reveals the following properties (1) Industrial output 1s 
allocated to resource extraction, consumer goods, and capital 
for the food and service sectors, (2) all output not so con- 
sumed ıs reinvested in the industrial sector , and (3) consump- 
tion functions are used to settle the split of industrial output 
among the above categories—these show no decline in 
demand up to very high levels of consumption of food, 
services and goods 

Alternative policies which would tend to alleviate the prob- 
lems remaining in Fig 1 are as follows (1) Modify the 
economics of the agricultural sector to discourage the use of 
capital-intensive farming above the level at which soil deple- 
tion becomes serious and divert the capital to land develop- 
ment instead , (2) simulate a moderation of demand for food 
and goods such that some of the excess industrial output 1s 
retired because of lack of good investment opportunities as 
productivity per capita reaches high levels Figure 2 shows the 
results of a simulation run with the model modified to incor- 
porate the above policies This run has the following very 
favourable aspects (1) Growth is halted 1n all sectors of the 
society , (2) the overshoot modes 1n food and industrial output 
have been avoided , (3) the stabilized population of less than 
six billion people 1s affluent and healthy—per capita world 
product ın 2100 ıs $3,000 (1970 US dollars) and the world 
average life expectancy 1s more than 75 yr, (4) natural 
resources are in a more favourable long term position It must 
be noted that these favourable results depend not only on the 
rational economic policies proposed here, but also on the 
important technological advances proposed by Meadows and 
cited previously 

The economic policies are typical of those already 1n force 
in the developed nations Strong governmental regulation 
1n agriculture has a particularly long history A positive sub- 
sidy on land development and a negative subsidy on over- 
production on developed land are well within the framework 
we know Market mechanisms that regulate investment 
through demand are an essential part of the industrial system 
At worst, the simulated mechanism might require a curtail- 
ment on that advertising which has as 1ts aim the encourage- 
ment of conspicuous consumption 


Research for Improvement 


There 1s already extensive research under way in each of 
the technological areas where improvements are needed— 
exploration for resources, energy supply, recycling, pollution 
control, agricultural technology, birth control and family 
planning In the past, research has achieved improvements 
comparable in level to the doubling (of resources) and reduc- 
tion by a factor of four (of pollution) used in the Meadows 
model, but these have required time ‘To estimate the effect 
of a research delay, a run was made in which the techno- 
logical advances in recycling, pollution, land yield and birth 
control were not introduced until the turn of the century—a 
delay of 25 yr Qualtatively, the simulation results were 
comparable to those shown 1n Fig 2, but the few years with- 
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out the technology made a definite difference , there were an 
extra 1,000 million people by 2100 and resources were down 
by 25% from that of Fig 2 Clearly the technology 1s needed, 
and the sooner the better, but considering the coarse nature 
of the model, the real conclusion 1s that a well directed pro- 
gramme of technological development accompanied by 
rational economic policies offers reasonable hope of a satis- 
factory transition to a stabilized comfortable world To be 
sure, resources will be depleted substantially by the year 2100, 
but the society of that time will have known more than 75 yr 
of prosperity based on stability rather than growth They 
will have had plenty of ume to plan their future 
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Fig 2 Results of simulation which incorporates two revised 

economic policies to avoid the overshoot modes in Fig 1 A 

stable prosperous world ıs reached Scales and annotation as 
in Fig 1 


The Meadows model, when corrected and provided with 
revised economic policies, indicates hope for technological 
solutions to a few of the problems 1n the present world, but 
this does not resolve the disturbing questions raised by men 
of many disciplines?" The gross level of aggregation ın the 
Meadows model is appropriate for an overview of the ques- 
tions of population, resources and environment, but ıt leaves 
a great many small scale situations with potentially dangerous 
consequences for man unsimulated Then, on the global 
scale, many critica] human issues are left out, for example, 
the unbalanced distribution of wealth and resources in the 
world, the degradation of the human spirit that has accom- 
panied the industrial revolution, and international conflict 
among nuclear powers One hopes for similarly encouraging 
prospects from simulations which include these factors 

I thank Drs J Hall, P Boyce, O Franz, G Gilbert, K 
Pearson and E Walther for their help, and the MIT team 
for providing copies of the original program and working 
papers In so doing, they are true to their word, “ every 
assumption we make is open to criticism by all” (ref 2, 
page 22) 
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Comparison Between Ice Age and 
Present General Circulations 


E. B. KRAUS 


School of Marine and Atmospheric Science, University of Miami 


Small reductions of tropical sea surface 
temperatures during ice ages are associ- 
ated with substantial reductions in latent 
heat release and in the temperature of 
the upper tropical troposphere. Numeri- 
cal simulations confirm that this reduced 
the mean baroclinicity during ice age 
winters and presumably the atmospheric 
heat transport from low to high latitudes. 
The computed wind driven ocean circu- 
lation was also weaker. Local heat bal- 
ance considerations suggest that ice age 
cloud cover over the tropical oceans was 
more extensive in' spite of reduced 
evaporation and precipitation. The same 
deduction is suggested by analytical argu- 
ments about atmospheric convection. 


SEVERAL investigators"? have used sediment analysis to re- 
construct the distribution of sea surface températures during 
glacial ages A convenient set of maps, reproduced here as 
Fig 1, was prepared by project “Climap” scientists and pub- 
lished 1n the National Science Foundation Annual Report for 
1972 Figure 1 shows a difference of more than 10? C between 
present and ice age surface temperatures north of the 50th 
parallel in the North Atlantic By contrast, the change in the 
Caribbean and in the tropical Atlantic amounts to only 3° 
or at most 4° Over continents, the difference 1s even larger, 
with summer surface temperatures in the once glaciated 
regions of Europe and North America today some 30? 
warmer than they were 17,000 yr ago 

Clearly, the mean meridional temperature gradient at the 
bottom of the atmosphere was larger during ice ages than 
now From this 1t has been commonly assumed that 1ce ages 
were characterized by a more vigorous atmospheric circula- 
tion and by an increased meridional heat transport Con- 
trary to this conventional wisdom, I suggest that the oppo- 
site may have been the case 

The atmospheric circulation 1s driven to a large extent by 
the release of latent heat, supplied originally to the trades by 
the tropical and sub-tropical oceans. The trades form the 
lower, ‘horizontal branch of the Hadley circulations These 
can be conceived as two vortex rings which encircle the 
globe north and south of the equator Over the Indian and 
South Atlantic Oceans the Hadley circulations are coupled 
with the Indian and African monsoon 





The msing branch of the Hadley circulation forms the 
Inter-tropical Convergence Zone (ITCZ) Within this zone 
and also in hurricanes, air ascends directly without much 
dilution from the sea surface to the tropopause 1n tall cumu- 
lus towers. After reaching the vicinity of the tropopause it 
spreads out and’ sinks down over an area which 1s a hundred 
to a thousand’ times larger than the cross-sectional area of 
the rising currents Air which has been 1n contact with the 
tropical oceans fills 1n this way a large part of the whole 
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Fig.1 North Atlantic sea surface temperature maps reconstruc- 


ted by “Project Climap" scientists for, a, summers 17,000 yr ago 
and, b, for modern summers 








130 


tropospheric volume—yust as the water which sinks in the 
Antarctic and spreads out along the ocean bottom deter- 
mines the temperature of a large oceamc volume 

During the undiluted rapid ascent of air in tropical 
cumulus towers, the so-called equivalent potential tempera- 
ture 0, 1s conserved, 


0,— Qin (1) 


where 0 is the potential temperature (that 1s the [absolute] 
temperature which the air would have ıf brought adiabati- 
cally to sea level pressure), r 1s the humidity mixing ratio, L 
the latent heat of evaporation, c, the specific heat at constant 
pressure and T the temperature The saturation mixing 
ratio—the maximum amount of vapour which the air can 
hold—is an approximately exponential function of the tem- 
perature This has a strong effect on the value of 0, Aur at 
a pressure of 1,000 mbar, which 1s 1n thermal equilibrrum with 
water at 0—301 K, has an equivalent potential temperature 
0,—373 8 K, if the water 1s three degrees colder (0—298 K) 
then 0,—3577 K 

As the air ascends the water vapour 1s condensed and pre- 
cipitated The heat of condensation is used to increase the 
potential temperature 6 In the upper troposphere the mixing 
ratio r of the ascending air has become very small The 
exponent in equation (1) then differs from one by less than 
0 002, which makes the potential temperature 0 there nearly 
equal to the equivalent potential temperature 0, So after the 
condensation of all the vapour, air which had been in con- 
tact with a sea surface at 25° C could have become 16° colder 
than air which had been in contact with a surface at 28° C 

In reality, the air which is lifted upwards in tropical 
cumulus towers 1s not fully saturated initially nor can ıt ever 
reach a level where all the vapour ıs condensed A relative 
humidity of 85% is reasonably representative for air near 
sea level in tropical storms If such aur, at an initial tempera- 
ture of 25° C, was lifted to the 200 mbar level (approximately 
12 km) it would arrive there with a temperature which would 


be about 10? colder than air at an initial temperature of ' 


28° C 

One can expect a roughly three-fold amplification of tropi- 
cal sea surface temperature changes 1n the upper troposphere 
Above colder water this amplification becomes much 
smaller At an initial sea temperature of 17? C, a change by 
1° would be amplified only about twice with height Below 
10° C the amplification becomes practically negligible 

In any case, air 1s not lifted directly from the sea surface 
to 200 mbar over the temperate oceans In the Hadley circula- 
tions, the air spirals round axes which, 1f not horizontal, have 
at least a marked horizontal tilt Conditions are quite dif- 
ferent in higher latitudes, where the deflecting force of the 
Earth's rotation 1s stronger Heat 1s carried polewards there 
chiefly by baroclinic eddies—travelling cyclones and anti- 
cyclones These are quasiborzontal circulations around 
vertical axes, which do not permit any significant direct 
transport of air from the sea surface to the tropopause So 
local changes in sea-surface temperatures ın extratropical 
regions do not have the controlling effect upon conditions, 
which exists 1n the tropics 

Nor can radiation exert such a control The albedo of 1ce 
and its low conductivity can cause very low temperatures on 
the surface of snow and ice fields, but the effect on the atmos- 
phere 1s largely restricted to the adjacent air layers, without 
much influence on higher strata At the 200 mbar level the* 
air above the polar ice caps seems to be almost insensitive 
to the temperature of the surface below In summer it tends, 
to be warmer than equatorial air at the same level, even 
though the surface temperature cannot rise above freezing 

During an ice age with even slightly colder tropical oceans, 
the upper equatorial tropo$pbere must have been substan- 
tially colder From the presumed approximate invariance of 
the temperature at the same level in higher latitudes, it fol- 
lows that the mean meridional temperature gradient 1n the 
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upper troposphere was probably weaker during an ice age 
than today 


Zonal Circulation 


Large temperature differences between low and high 
latitudes can be maintained only by the centrifugal pumping 
action of an upward increasing mean westerly wind u ‘This 
1s expressed by the thermal wind relation 


dulðz = (g/f) aT/Tay (2) 


(Ou/dz=vertical shear of zonal wind, f —Coriolis parameter, 
OT /dy=mean meridional temperature gradient). Large 
values of the wind shear are equivalent to a large storage of 
available potential energy by the atmosphere ‘The resulting 
“baroclinic instability” gives rise to “synoptic scale” distur- 
bances These convert the available potential energy which 
had been pent up by the zonal flow into the kinetic energy of 
the extratropical eddies which carry heat from low to bigh 
latitudes The resulting heat flux reaches its highest values 
in the upper troposphere between latitudes of 30° and 40° 
(ref 4) The value of the wind shear in that region can 
serve therefore as a rough measure of the baroclinic insta- 
bility The preceding argument suggests that the wind shear 
in the upper troposphere may have been lower during an 1ce 
age than it ıs now This ıs confirmed by numerical 
experiments 











m/se 


Fig. 2 Vertical profiles of the mean zonal wind component at 
30? as derived from the NCAR general circulation. model for 
1ce age surface conditions (——) and present conditions ( - - - ) 


Williams et al5 have used the NCAR general circulation 
model to simulate the global atmospheric motion that might 
have been associated with surface boundary conditions 
existing some 20,000 yr ago The model covers the whole 
globe with a resolution of 3 km in height and of 5° 1n latitude 
and longitude, except for the polar regions The heat sources 
and sinks which force the simulated circulation are caused 
by the differential absorption and emission of radiation and 
by transfers across the lower boundary Cloudiness 1s com- 
puted as a function of the model state at the 3 km and 9 km 
levels 

The model was integrated for four cases, with the sea 
surface temperatures, snow lines and radiation inputs that are 
characteristic for the months of July and January during ice 
ages as well as for present boundary conditions in the same 
months, to provide a control Topographic changes asso- 
ciated with the presence of the ice caps and with the result- 
ing sea level reduction were allowed for The integration was 
continued for 80 d ın each case The last 30 d of these simu- 
lated developments were then used to generate four different 
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monthly statistics This procedure was designed to minimize 
the effect of the imitial conditions upon the monthly 
averages 

Figure 2 shows the simulated vertical distribution of the 
zonally averaged westerly wind components ın the four cases. 
The slope of the graphs indicates the vertical shear During 
winter in both hemispheres the simulated ice age wind shear 
1s indeed weaker than the one which is calculated to exist 
now The same difference characterizes the southern summer 
During the northern summer, however, the modern calcu- 
lated wind shear 1s weaker than the ice age shear This means 
that 1ce age summer conditions were more similar 1n the two 
hemispheres than today In the model this ıs reflected by 
active cyclonic activity during the glacial summer 
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Fig. 3 The Sverdrup mass transport in the North Atlantic Ocean 

as derived from the NCAR general circulation model in x 

age conditions (——) and present conditions (---) 

transport My 1s specified 1n Sverdrups (1 Sverdrup = 109 m? E 
as a function of the latitude » 


It would be unwise to read too much into the numerical 
results Particularly during summer, the realism of the model 
in low Jatitudes 1s questionable As far as the results go, they 
do suggest that the difference between present and ice age 
upper tropospheric temperatures is largest above the once 
widely glaciated zones of the northern hemisphere during 
the summer season Apart from that, however, the difference 
between upper air temperatures now and then 1s larger above 
the tropics than anywhere else The heat trensport by the 
baroclinic eddies 1s directed principally into the winter 
hemisphere Computations to calculate this flux will be made 
later In the meantime, the graphs in Fig 2 suggest that ice 
age upper baroclinic instability in the southern hemisphere 
and during the northern winter was weaker than it 1s now 
The associated heat flux reduction may well have contributed 
to the maintenance of glacial conditions in high latitudes 


Oceanic Heat Transport 


The meridional heat transport by ocean currents was also 
probably lower during the 1ce age than it 15 today This can 
be expected a priori, because the present warm North 
Atlantic drift currents would probably not allow Ireland to 
become glaciated, nor would they allow ice to drift as far 
south as the presence of ice rafted debris indicates to have 
been the case? The same inference can be drawn from the 
shape of the isotherms in Fig 1 In fact, sediment analysis 
led McIntyre! and Briskin? directly to the stipulation of a 
much reduced meridional extent of the Gulf Stream system 
during ice ages This deduction 1s supported, at least qualita- 
tively, by the numerical simulation 

Having been designed originally for the study of relatively 
short term weather developments, the NCAR model simu- 
lates only atmospheric motion. It allows for the deter- 
mination of surface temperature variations over land and 1ce 
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as a function of the transient local energy balances and the 
conductivity of the underlying material, but requires sea- 
surface temperatures to be specified It cannot be used, there- 
fore, for the modelling of long term climatic fluctuations But 
one can use the simulated surface wind to obtain some infor- 
mation about the matching wind driven ocean circulations 

A large part of the oceanic contribution to the mer- 
dional heat flow can be associated with the Sverdrup trans- 
port, particularly in the northern hemisphere. This process 
causes water to move towards the equator 1f the wind exerts 
an anticyclonic torque upon the surface 


= B- curl t (3) 


where m, 1s the vertically integrated mass flow per unit width 
of ocean, 8 represents the meridional variation of the Coriolis 
parameter and 7 1s the wind stress vector In subtropical and 
temperate latitudes the Sverdrup transport towards the 
equator increases with the vector difference between the 
surface westerlies and the trades It is compensated by western 
boundary currents such as the Gulf Stream and the Kuroshio 
which flow in opposite directions along the edge of the 
continent Although Sverdrup transports may not account 
fully for the mass flow in the Gulf Stream, they provide a 
theoretical lower limit which is of the right magnitude and 
which can be used to estimate variations in the oceanic 
meridional heat flow 

The model generates numbers for the wind components u 
and v a few metres above the sea surface at all grid points 
The so-called bulk-aerodynamic relation can therefore be 
used to obtain the stress components 


Tx = pCur/(u? + v?) ty = pCyy/(u? + y?) 


where p 1s the surface air density and the non-dimensional 
drag coefficient Czz13X10^? The derived values of m,/p 
were integrated across the width of the North Atlantic along 
the different parallel circles and the result M, 1s shown as 
a function of the latitude ¢ in Fig 3 

The modern transport values shown in Fig 3 are rather 
large compared with those derived from wind observations 
Indeed, they are larger than the actual Gulf Stream transport 
During modern July, the model produces south of 15° 
northern latitude a pronounced drift towards the north, which 
would have to be balanced by a very strong (10? m? s~}) 
southward moving boundary current This is quite un- 
realistic It has not been reproduced here, as this would only 
confuse the picture It confirms the apparent difficulty of 
the NCAR model in attempting to reproduce conditions in 
the inner tropics during summer 

Allowing for these reservations, the computations do reveal 
that the wind driven mid-latitude mass transport in the 
North Atlantic was considerably weaker during the ice age 
thanitis now This implies a reduced northward flux of warm 
water 1n accordance with the sediment studies quoted above 


Sea-surface Temperatures and Clouds 


What were the conditions which could maintain a colder 
tropical ocean surface? The local heat balance of the ocean 
can always be expressed in the form 


0 
R, = Ri + F+ f Hdz (4) 
B 
where R, 1s the absorbed solar radiation flux per unit of sea 


surface, R, 1s the net upward infrared radiation flux and F 1s 
the sensible and latent heat flux to the atmosphere In the 


e tropics the latter ıs usually about an order of magnitude 


larger than the former The last term in equation 4 repre- 
sents the vertically integrated divergence of the horizontal 
oceanic heat flux The flux through the ocean bottom at B 
1s negligible in the present contéxt 

During an ice age, when the sea was colder, the infrared 
radiation loss R, and the latent heat loss F were both pre- 
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sumably smaller. The argument of the previous section indi- 
cates that the export of heat from the tropics by ocean 
currents was also reduced To satisfy the heat balance require- 
ments one must conclude that the amount of solar radiation 
R, which reached the sea surface, cannot have been as large 
as today In other words I expect that there must have been 
a more widespread cloud cover at that time. This expectation 
1s supported by analytical inferences and numerical 
simulation 

Clouds increase the albedo and hence reduce the planetary 
temperature They diminish both the radiation flux which 
reaches the sea surface and the net infrared flux which leaves 
it The former effect predominates 1n the tropics and in the 
temperate zone, in summer it also predominates in high 
latitudes’ Averaged over the seasons, any increase in the 
amount of low cloud tends to keep the surface cooler, except 
for the relatively small area above about 60? latitude where 
clouds act as a blanket which keeps the surface warmer 

'The generation of low clouds over the tropical oceans 1s 
a function of the temperature structure As argued above, 
the temperature of the upper tropical troposphere 1s largely 
determined by the equivalent potential temperature at the 
underlying sea surface As the air sinks in the descending 
branch of the Hadley circulation it is cooled by infrared radia- 
tion at a rate Rzz1 5? C d? The mean observed vertical 
gradient of potential temperature 00/0z in the sinking air 1s 
about 5? km™. It follows that the subsidence velocity 


W ~ Rj(80/0z) ~ 03 cm s! 


At low elevation, the subsiding air is usually colder than 
the sea surface below The resulting convective mixing of 
the lowest air layers produces a more or less constant poten- 
tial temperature distribution along the vertical ın the trades, 
immediately above the oceans. 

I now consider two air masses which have reached equi- 
librium with two hypothetical ocean surfaces characterized 
by 060—295 K and 6'—299 K They will then have the equiva- 
lent potential temperatures marked 6 and 6’ in Fig 4 The 
air 1s subsequently lifted to levels where the mixing ratio 
is reduced to 06 g kg"! These levels are marked by h and h’ 
If the air sinks and ıs cooled at the same rate in the two 
cases, the colder air must reach its initial potential tempera- 
ture at a higher elevation The well-mixed tradewind layer 
which extends from that level to the surface is therefore 
deeper This favours cloud formation 

This argument suggests an increased cloud cover over the 
ice age tropical oceans How does this tally with the pre- 
sumed decrease in evaporation from the colder tropical 
oceans and with the necessarily associated reduction of pre- 
cipitation? The latter seems to be confirmed by geological 
observations which indicate an increased low latitude aridity 
during the height of the most recent ice age?? 

The answer to the apparent paradox of less precipitation 
from more clouds may lie in the change that occurs with 
temperature in the residence time of water vapour in the 
atmosphere—in other words in the ratio of atmospheric 
water storage to precipitation When the sea surface tem- 
perature is low, less water ıs supplied to the air, but with 
decreasing total moisture content, the convective instability 
of the atmosphere and the liquid water content of clouds 
decreases even more "This makes the precipitation generating 
mechanism less efficient It can cause the volume averaged 
relative humidity—the ratio of actual atmospheric moisture 
to capacity storage—to be smaller during a warm climatic 
regime than during a cold regime. 


Cloud generation in the NCAR model depends on the* ° 


vertical velocity and on the relative humidity As the latter 
tends to become larger over cold ocean surfaces, one finds 
necessarily that the model ako produces more low clouds 
during an ice age, At the same time it generates less precipi- 
tation and evaporation than ‘it does with modern boundary 
conditions? 
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Fig. 4 The vertical temperature distributions (schematic) of the 

tradewind region expected to be associated with mean sea surface 

temperatures of 0—295 K and 0/2299 K The heights h and h’ 

represent the levels at which saturated air, rising from sea level, 
would have a mixing ratio of 0.6 g kg-* 


The relationship between ocean surface temperature, 
global low cloud amount and precipitation has also been 
studied with the same model by Schneider and Washington at 
NCAR Their study has not yet been published, but they 
gave permussion to quote some pertinent numbers (Table 1) 





Table 1 Stipulated Change in Global Ocean Surface Temperature 

(A7o) and the Resultant Changes in Global Relative Humidity (Ar A), 

Low Cloud Cover (An), Global Mean Temperature at 3 km (A75) and 
Precipitation. (Apr ) 








AT, C C) —2°C +2°C 
Ar h (%) +117 —3 33 
An (94) +153 —2 74 
ATs (%) —36 +38 
Apr (mm per 90 d) —367 +397 





The data of Table 1 illustrate not only the inverse relation- 
ship between global cloud amount and precipitation changes, 
but also the amplification of sea-surface temperature changes 
with height whych can be expected from the tendency to con- 
serve equivalent potential temperature 


Further Problems 


This article essentially compares two stationary climatic 
regimes It does not reveal anything about the process and 
causes of climatic change The analysis at least raises the 
question, however, whether slight changes in the surface 
temperature of the tropical oceans might not induce the 
more dramatic changes at higher Jatitudes—rather than the 
other way round as 1s usually assumed 

Although the numerica! results provide suggestive support- 
ing evidence for the observational and analytical findings, 
they cannot be accepted without some reservation The 
ability of the NCAR model to represent low level winds and 
clouds 1n the tropics could be better, particularly 1n summer 
In any case, the simulation of climate as a dynamic process 
can be achieved only with a combined atmosphere/ocean 
model which was not available for the present study. It 1s 
reasonable to assume, however, that even the present model 
1s able to 1ndicate the sign or the general character of circu- 
lation changes that would be caused by a change in the real 
boundary conditions 

The arguments presented above seem to hang very well 
together. It 1s almost 1nevitable that changes 1n tropical sea 
surface temperature must lead to amplified changes of the 
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same sign in the upper troposphere above It is almost 
equally certain that a colder tropical sea surface must have 
been associated with an increased cloud cover In the imme- 
diately preceding section, I argued that these two phenomena 
are connected It seems probable, but less certain, that the 
colder tropical troposphere was associated also with a reduced 
baroclinicity The contention would be more convincing if 
. Supported by a more detailed modelling of the infrared 
radiation flux which 1s associated with different surface tem- 
peratures These studies are planned for the near future The 
suggestion that the wind-borne and current-borne meridional 
heat flux was weaker during an ice age than now may appear 
to be even more debatable It is.supported, however, by the 
stipulated reduced baroclinicity, by the numerical simulation 
and by the oceanic observations 

I thank Jill Williams, Dr Steve Schneider and Dr 
Warren Washington at the National Center for Atmospheric 
Research for lending me tapes used for the computation of 
the Sverdrup transports, and for supplying the numbers 1n 
Table 1 Jill Willams and Dr Schneider helped me with 
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suggestions and criticism, as did Cesare Emilam. The 
National Science foundation. permitted the reproduction of 
Fig 1 and supported this work 
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Although not all hot spots are fixed 
with respect to one another, the mem- 


bers of small groups of them seem to 
be fixed internally. 





THE hypothesis that hot spots! and their undérlying plumes? 
all remain fixed with respect to one another, and perhaps 
also to the Earth's spin axis and axial dipolar magnetic 
field, has recently received attention?*. Atwater and 
Molnar have shown, by rotating plates back to their 13 
and 38 my position, that some hot spots (notably Iceland 
and St Paul/ Amsterdam) have probably moved with respect 
to one another during this time Using a different approach 
we present here evidence that during the past 120 my 
some hot spots have moved significantly with respect to 
each other and to the magnetic field 

We use the term "hot spot" to describe succinctly a 
class of localized volcanism and associated uplift character- 
istically found within plates (Hawan and Tibesti, for 
example), but also found on divergent plate boundaries 
(Iceland, for example) The term is used to describe the 
surface feature, with no intended implications about 
processes below the surface, ın the same way as the term 
“island arc" 1s used In the ocean a hot spot trace 1s a 
volcanic ridge or line of seamounts which leads away 
from a hot spot and which is considered to have been 
progressively generated as the plate moved relatively over 
or away from the underlying source of the hot spot. Where 
a hot spot occurs on a spreading ridge axis, a trace 1s 
generated on each plate The former presence of a hot 
spot on continental crust 1s expressed by relatively localized 
alkaline volcanic piles or subvolcanic alkaline intrusives, 


sometimes accompanied by more extensive flood basalts. 
The former position of a hot spot at any time ın the past 
is marked by the point of that :2e on its trace 


Misfit 


Figure 1 1s a reconstruction of the Atlantic ocean and 
its surrounding continents about 120 my ago’, and five 
selected Atlantic hot spots which possess comparatively well 
defined traces are plotted on it at the positions that they 
occupied at that time If hot spots stay fixed with respect 
to each other, it should be possible to superimpose the 
same hot spots in their present relative positions on their 
positions 120 my ago It 1s not possible to do this, and 
the musfit ıs conveniently represented by keeping one hot 
spot fixed, and plotting the others in their present positions 
relative to ıt We have chosen to keep the Colorado Seamount 
hot spot fixed for the purposes of illustration, as it has 
a trace on the North American plate, and the reference 
frame on Fig 1 1s with respect to present North America 
Although the Azores hot spot does plot at the relative 
position ıt occupied 120 my ago, the three others shown 
from the South Atlantic fall about 20? beyond their 
positions at that time This indicates that relative motion 
between them and the two northern hot spots has occurred 
at an average rate of 18 cm yr during the past 120 my, 
ın a direction approximately perpendicular to the general 
direction of relative plate motion 


** Data used to plot the hot spot positions on Fig 1, and 


for subsequent parts of this paper, are listed in Table 1 
The positions of the two northern hot spots at 120 my 
ago were picked from maps of seafloor age in the central 
Atlantic’®, A certain amount of interpolation has been 
necessary for the Colorado Seamount hot spot traces. The 
early part 1s well defined only on the western side, and 
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Fig. 1 Sketch of configuration of Atlantic continents, with 
schematic plate boundaries, for about 120 m y ago (from ref 7), 
reference frame fixed to North America @, Positions of five 
hot spots at this time as given by their traces, @, earlier parts 
of traces of the two northern hot spots, ©, an interpolated 
older trace (see text), (O, present positions of the southern 
hot spots relative to Colorado Seamount hot spot kept fixed 
at its position relative to North America 120 my ago A, 
Azores, CS, Colorado Seamount, TG, Tnstan da Cunha/ 
Gough, D, Discovery Seamounts, B4, Bouvet Large arrows 
indicate total motion of the three southern hot spots between 
120 my ago and the present relative to Colorado Seamount 
hot spot  Palaeoequator is around average pole at 69° N 
180° W with respect to North America 
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the later part only on the eastern side of the Mid-Atlantic 
ridge, but the age ranges of the partial traces overlap, so 
the interpolation 1s valid Some authors (for example 
tef 9) prefer to generaie the New England (Kelvin) and 
Corner Rise seamounts from the Azores hot spot. We do 
not favour this, because partial closure of the central 
Atlantic by appropriate zotations? connects the Corner Rise 
seamounts with a point of the same age on the trace of . 
seamounts running east from Colorado Seamount. 
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Fig. 2 Great circle motion between Colorado Seamount and 
Tristan/Gough hot spots during the past 120 m y 


The relative motion between the five hot spots is set 
out in Table 2, showing ın quantitative form what we 
show diagrammatically in Fig. 1. The large motion between 
the two groups of hot spots 1s clear, but there does not 
appear to have been significant motion between the hot 
spots in each group 


Relative Motion 


The average rate of relative motion between the two 
groups has been about 18 cm yr-, but this rate has not 
been constant. Points representing particular ages on the 
traces from Colorado Seamount and Tristan/Gough can 
be picked from maps of seafloor age ın the central”! and 
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Table 1 Position and Palaeolatitude Data for Some Atlantic Hot Spots 





Present Present coordinates Palaeolatitude of position 
Hot spot Trace Position of hot spot coordmates of hot spot position of hot spot 
120 my ago of hot spot 120 my ago 120my ago 180my ago 
Azores Newfoundland Ridge (or South-east corner of Grand 38° N 27° W 41 5° N 48° W 26° N 29-30° N 
“Fracture Zone”), (east- Banks 
ern trace in tectonized 
area) 
Colorado New England Seamounts, South-eastern New England 34°N375°W 365°N59°W 25° N 25-27" N 
Seamount Corner Rise Seamounts, Seamounts on Bermuda 
ill defined to present Mid- discontinuity 
Atlantic Ridge 
Colorado Interpolated from continen- Just west of Azores—inter- 34° N375°W 29° N 19° W 25,5° N 
Seamount tal margin to Great polated 
Meteor Seamount, Cruis- 
er Seamount-Mid-At- 
Jantic Ridge 
Tristan Rio Grande Ruse Florianapolis 378125 'W 27° S 48° W 29° S 
da Cunha 
GoughIsland Walvis Ridge Cape Fria * 40810 W 185°S115°E 30°S 
Discovery Poorly, defined line of sea- Luderitz 47° S65°W 27°814°E 39° S 
Seamounts mounts Ce 
Discovery None known except one East of Montevideo 4P S65 W 35 5° S 53° W 38° S 
Seamounts seamount just off conti» è 
nental margın , 
Bouvet Island Meteor Seamount chain South of Cape Agulhas S45°S35°E 35° § 18° E 48°S 
Bouvet Island North Falkland Plateau, South-west Argentine Basın 545° S35°E 45° S 59° W 485° S 


ill defined to east 


—dnterpolated 


SSS 


—- 


~ 
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southern!!! Atlantic This identification of the age points 
along the two traces assumes that the two hot spots have 
stayed approximately on the axis of the spreading ridge, 
and is justified because hot spot traces extend away on 
both sides of the spreading ridge Data are given in 
Table 3 and the change in great circle distance with time 
1$ shown in Fig 2 Although the shape of the curve 
showing the relative motion 1s crudely exponential, we 
do not attach significance to this, since it only concerns 
the motion between two of many hot spot groups We 
think, however, that the variations 1n the rate of motion 
are significant, and this rate has varied between about 
5 cm yr? (100 to 80 my) and about 05 cm yr? (25 to 
O my) It 1s intriguing that the tine of maximum rate 
of relative motion coincides with a time of world wide 
accelerated spreading rates’, but we have not been able 
to confirm this correlation for any other hot spots 

We take the Mascarene/Chagos-Laccadive Ridge and 
most of the Ninety-East Ridge to have been produced 
during the past 65 my by the two hot spots now at 
Mauritius/Réunion and St Paul/Amsterdam Islands respec- 
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tively Tentative age data at two places along each of 
these traces’ suggest that at present these two hot spots 
have the same separation as they had 65 my ago (about 
25°), but that their separation was slightly greater (about 
29°) 25 my ago No significant motion between the 
Mauritius/Réunion and the Tristan/Gough hot spots can 
be detected for the past 12 my (ref 14), the motion 
between 12 my and 65 my ago must amount to about 
6° towards each other, on the basis of established plate 
motions” 

Ideally, palaeomagnetic data can be used to establish 
how the relative motion between the hot spots has been 
distributed with respect to the magnetic field and by infer- 
ence to the spin axis We have estimated average palaeo- 
magnetic poles for various plates at particular times from 
data contained in a recent compilation We used only 
non-redundant poles in reliability category 4, and only 
1f the age of any pole 1s well defined to within 10 my 
of the age required (exceptionally 20 my for the 180 my 
and 120 my ages), and we excluded poles from areas that 
may have suffered subsequent tectonic displacement — As 
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Table 2 Great Circle Distances between Hot Spots 





Hot spots 180 my 


Azores-Colorado Seamount 10 
Colorado Seamount-Tristan da Cunha — 


Colorado Seamount-Gough Island 
Gough Island-Discovery Seamounts 
Gough Island-Bouvet 

Tristan da Cunha—Bouvet — 
Discovery Seamounts-Bouvet — 


All measurements in degrees (1 degreezz 110 km) 


. D 
Difference between 


120 my Present 120 my and present 
10 9 -1 
755 
57 TI +2042 
79 
9 (7 to) 105 —2to +15 
165 —25 
19 185 -05 
205 +15 
95 10 +05 
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Table 3 


Increments of Motion between Tristan/Gough and Colorado Seamount Hot Spots 





Present coordinates of hot spot position at ages given 


Great circle Rate of motion 


Age (m y) Walvis Ridge-Gough Colorado Seamount eastwards distance (degrees) cm yr-! 
120 185°S 11 5"eE 29° N 19° W 57 5s 
100 25° S 6 E 29-29 5° N 23-24° W 62 

41to50 
80 32° S 2E 30-31 5° N 29° W 69 5-71 
16 to 33 
70 34° S 3° W 325° N 30° W 725 i 
50 36° S 55° W 33° N 32° W 75 $3 
25 40* S 10° W 34° N 35° W 78 joi 
0 40°S 10° W 34° N 375° W 79 
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Table 4 Average Palaeomagnetic Poles 








Age (m y) 

Plate 180 120 65-60 50 25 
Africa 67 5° N 104° W 55°S74°E — — 90° N 
North America 725°N94°E 69° N 180° W TP N 114° E 7) — — 

ii i ° Myo N 163° W (ref 5) 
South America — 83 5° S 113° W " E PEE — 
India — — 32° S 100° E — — 
Indo-Australia — — = 70? S 54° 76" S 89° E 
7TP N 150? E? — ? 


Eurasia — = 


“- oo —-eee a eO aaaaaaaaaaaIIIIIIIIIIIIIIIIIIIIIIIIIŘŘŘ— 
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Fig.3 Latitudinal motion between five Atlantic hot spots during 
the past 180 my Letters identifying hot spots are as in Fig 1 


the poles selected have restricted age ranges, any possible 
polar wandering as distinct from plate motion can be 
neglected for each age (but not between) Known plate 
rotations? 575 can then be applied to the groups of poles 
of each age, and a combined pole defined, which can then 
be similarly rotated to give a consistent result for each 
plate 

Palaeolatitudes derived from the average pole for 180 my, 
and perhaps the other average poles, may have errors 
larger than the differences we are attempting to detect as 
the selected data scatter over significant areas, up to 15 
to 20° across But as the average poles for 180 and 120 m y 
have been selected and then deliberately rotated so as 
to be compatible with total subsequent plate motion for 
those plates involved, palaeolatitudes derived from them 
may be more reliable than those obtained from separate 
average poles for each plate, which do not coincide when 
subsequent plate motion is removed The average palaeo- 
magnetic poles given in Table 4 should be regarded as 
present estimates, and only for the restricted age ranges 
given No motion of the African plate with respect to 
the dipole field 1s required by the palaeomagnetic data 
for the past 25 my (ref 19) 

Seventeen poles for the Eurasian plate 60 m y ago are 
almost all closely grouped, but the average pole they define 
1s not compatible with an average pole for North America? 
when the appropriate North Atlantic motion? 1s removed 
(Table 4, 1n brackets) Three poles in the Eurasian group 
plot 20? away from the main group, and their position 
iS more compatible with the North American pole In 
view of this uncertainty, we have not used the 60 my 
poles to define palaeolatitudes for the Atlantic hot spots, 
as the error 1s potentially as much as 20? Phillips and 
Forsyth? have previously discussed this discrepancy 

Palaeolatitudes derived from average poles are probably 
of variable reliability and only relatively small changes in 
one or more of the average pole positions may make a 
great deal of difference to the inferred motion of particular 
hot spots with respect to the magnetic field and the spin 
axis The palaeolatitudes we derive show that all the hot 
spots bave moved differing amounts with respect to the 
magnetic field for at least some parts of the last 120 m y, 
but the precise amounts for each hot spot we regard as 
less certain x 

Palaeolatitudes of the Atlantic hot spot positions 120 m y 
ago, and for the two northern hot spots at 180 my ago, 
are given in Table 1 The discrepancies between the palaeo- 
latitudes at 120 my and the present latitudes of the hot 
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spots are set out in Table 5, and shown graphically in 
Fig 3 First, the results show that the total, motion between 
the two groups of hot spots with respect to latitude is 
nearly as great as their motion with respect to each other 
during the past 120 m y , indicating that aggregate relative 
longitudinal motion bas been subordinate, at least for these 
particular hot spots (see also Fig 1) Second, each group 
of hot spots has moved an approximately equal distance 
away from the equator toward the poles of their respective 
hemispheres Duncan and others? showed that Eurasian 
palaeomagnetic data for 60 my ago can be interpreted 
as indicating a large northward motion of the Iceland hot 
spot (about 20?) since this time In view of the uncertainty 
in the palaeomagnetic data, we would suggest that although 
relative northward motion of this hot spot 1s probable, the 
amount of motion may be more modest We estimate 
from known plate motions?, allowing for uncertainty across 
the Labrador Sea, that the Iceland hot spot has not moved 
more than 5? away from the Azores and Colorado Seamount 
hot spots during the past 60 my On the basis of the 
North American average palaeomagnetic pole, this indicates 
no more than about 8? of northward motion of the Iceland 
hot spot during this time 


Table 5 Latitudinal Motion of Hot Spots 





Lautude/palaeo- 


Hot spot latitude change from Differences between 

(trace east or west) 120 my to present hot spots (degrees) 
Azores (W) 12° N 
Colorado Seamount (W) 9 N +3 to +35 
Colorado Seamount (E) 85° N 
Gough (E) 05S us d 
Discovery Seamount (E) 8*8 —1$ to —3 
Bouvet (E) 65°S 
Tristan da Cunha (W) 8 5S — 
Discovery Seamount (W) 9 S — 
Bouvet (W) 6e sS — 





More Hot Spots | 


We have attefhpted to extend this study to the two hot 
spots of Mauritius/Réunion and St Paul/ Amsterdam 
Islands The palaeomagnetic data perhaps suggest that 
Mauritius/Réunion has moved northwards about 10? in 
the past 65 my and that all or almost all of this relative 
motion occurred before 25 m y ago On the same basis 
St Paul/Amsterdam has moved northwards about 16? 
since 65 my ago If a very tentative estimate is made of 
its position 50 m y ago, extrapolating from a point suggested 
to be 45 my old? and using the Australian palaeomagnetic 
pole, it 1s possible that the overall relative northward motion 
of this hot spot may have reversed for a while between 
50 and 25 my ago 

The only other hot spot for which data are available 
is Hawau, the palaeomagnetic data cannot resolve any 
motion of this hot spot in the past 70 my (ref 4), but 
the equatorial sedimentation data‘ perhaps suggest it has 
¿moved slightly southwards”, perhaps up to 5? in the past 
40 my By implication, the other hot spots on the Pacific 
plate which seem to be approximately fixed with respect 


* eto Hawai’ may be moving in a similar manner 


McElhinny* showed that the apparent motion of the 


.*Iceland hot spot with respect to the magnetic field? 1s more 


likely to be due to relative motion between hot spots than 
to a rotation of the mantle containing fixed plumes with 
respect to the lithosphere as a whole?” Our conclusion 
that some groups of hot spots have moved significantly 
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with respect to each other confirms this suggestion. The 
rate of motion between two small groups of hot spots is 
comparable with rates of plate motion, and has varied by 
an order of magnitude over the past 120 m y. , the maximum 
rate of separation for these two groups appears to coincide 
with a temporary global increase 1n spreading rates’. The 
two or three hot spots within each of these two groups 
do not, however, seem to have moved significantly with 
respect to their partners for the maximum lengths of time 
that they can be observed (180 and 120 my) While 
moving apart and remaining essentially fixed internally, the 
two groups of Atlantic hot spots seem to have rotated 
somewhat relative to one another (Fig 1) Differential 
motion of hot spots with respect to the magnetic field and 
spin axis occurs and for the few hot spots we have studied 
it seems to have been predominantly ın a poleward direction, 
though not all seem to move toward the pole of the 
hemisphere in which they occur The poleward motion 
may also be intermittent, and even reversible Data from 
other hot spots are desirable, but it 1s unfortunate that 
although there are many hot spots”, there are few, if any, 
others that have clearly marked traces with well defined 
ages along them and that can be observed for comparable 
periods of time to those in the central and southern 
Atlantic 


Satisfactory Hypothesis 


We think that the idea that deep mantle plumes?” under- 
lie hot spots 1s at present the only satisfactory hypothesis 
available to account for hot spots, especially to explain 
their persistence as discrete localized anomalies, in some 
cases for 180 my — This ıs particularly the case for those 
hot spots which are on the axes of spreading ridges, and 
which have remained so for long periods, these are 
epitomized by the hot spots on the axis of the central and 
southern Mid-Atlantic Ridge. Although these hot spots 
have moved with respect to one another, and to the position 
of the spreading ridge at 120 m y ago (Fig 1), they are 
still on, or near the axis The jumping of a restricted 
length of spreading ridge axis is probably a related 
phenomenon, and ın several cases this 1s clearly associated 
with hot spots It may occur repeatedly in a consistent 
direction, and this leads to apparent asymmetrical spread- 
ing? Examples of ridge axis jumping occur at the 
Galapagos", St Paul/Amsterdam  Islands5, south of 
Australiaà?, and in Iceland?. The inference we make 1s 
that whatever 1s under the hot spots controls the position 
of the ridge, and not the reverse , the presence of underlying 
deep mantle plumes seems to us the only available hypo- 
thesis that will account for this. 

We suggest that within small groups of hot spots, the 
hypothesis that they are fixed with respect to one another 
may be valid, especially for short periods of a few tens of 
millions of years, but which bot spots belong to a particular 
internally fixed group may be hard to prove The hypo- 
thesis that all hot spots are fixed with respect to one another 
and form an independent global reference frame 1s, however, 
clearly not valid 

The groups of hot spots that we have shown to remain 
essentially fixed internally have an approximate maximum 
horizontal dimension of 2,000 km Thuis is of the same 
order as the large swells that occur in East Africa and 
the Red Sea area, which are about 1,500 km across We 
interpret the pattern of alkaline volcanism on abrupt topo- 
graphic and structural uphfts each about 200 km across 
within these swells as showing the presence of four or 
five hot spots in each swell The Cameroon zone also 
defines an ellipse about 1,500 km across and contains at 
least six discrete hot spots on uplifts, although a large 
overall topographic swell ıs not present Apart from these 
examples, 1t 1s difficult to make a similar grouping of many 
of the remainder of the 120 hot spots we recognize, although 
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some tentative suggestions can be made Menard? has 
recently demonstrated the occurrence of low amplitude 
positive topographic anomalies 1,000 to 2,000 km across, 
and without obvious associated hot spots, 1n the North-east 
Pacific We point out that similar large swells without 
associated hot spot volcanism are especially prominent in 
southern Africa, although the amplitude of these features 
ıs larger, and all but one are in continental lithosphere 

It may be that the large scale swells and internally fixed 
groups of hot spots reflect conditions at a depth comparable 
to their horizontal dimensions, and that the smaller uplifts 
and hot spots, of which there might be only one 1n some 
large swells (Hawan?), reflect conditions at shallower 
depths We speculate that the large swell may represent 
a broad, very slowly upwelling column, and that the smaller 
uplifts and hot spots within them represent smaller, more 
strongly heated and more rapidly rising columns within 
the large slowly rising column The implications of the 
poleward motion of the few hot spots we have examined 
are not clear to us, and we think speculation on this 1s 
perhaps unjustified until well distributed data from other 
hot spots become available If it 1s accepted that deep 
mantle plumes^^* underlie hot spots, then information 
relating to processes at the core-mantle boundary, and 
perhaps in the core, might eventually be extracted from 
the distribution and relative motion of hot spots Our 
observations of the motion of some hot spots during the 
past 120 my indicate that, 1f hot spots relate to mantle 
convection, this convection 1s probably highly complex and 
perhaps unlikely to be successfully modelled in terms of 
a small number of Rayleigh-Benard cells 

We thank Dr E. Irving for advice and suggestions 
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PHYSICAL SCIENCES 


Early Archaean Age for the Isua Iron 
Formation, West Greenland 


Some 150 km north-east of Godthaab, on the edge of the 
inland ice cap, a refolded synclme of mainly basic rocks 
containing banded ironstones and other rocks of supracrustal 
origin 1s enclosed by granitic gneisses (Fig 1). These gneisses 
have yielded an Rb-Sr whole-rock isochron age of 3,700+ 140 
my, indistinguishable from that of the Amitsoq gneisses of 
the Godthaab area! The present metamorphic grade of both 
the gneisses and the iron formation is upper greenschist to 
amphibolite facies There 1s no published map of the area, 
but the following geological details are taken from reports by 
Keto? The total succession of supracrustal rocks 1s 2 to 3 km 
thick The lower part of the succession consists of quartzites 
and meta-greywackes. These are overlain by garnet-chlorite 
schists and banded iron formation, including both Fe-oxides 
and carbonates. The top of the succession consists of green- 
schist facies metabasites Bridgwater et al? suggest that the 
Isua supracrusials may represent a shallow-water shelf facies 

The age relations of the gneiss and the ron formation are 
not yet clear from field evidence, because intense deformation 
has resulted 1n structurally conformable contacts. 

Here we report a Pb-Pb isochron age for several typical 
banded ironstone samples consisting of alternating, but 
deformed, bands of magnetite and quartz+grunerite+Fe 
chlorite, and for one carbonate rock (Table 1). Rocks of this 
type occur in many Precambrian terrains and are regarded as 
chemically precipitated sediments‘ As far as we are aware 
this is the first time that Pb isotope measurements have been 
published for rocks of this type 

Techniques of sample decomposition and separation of Pb 
by electrodeposition followed those developed in this laboratory 
by J. Arden and N H Gale (to be published) Isotopic 
analyses were performed on a 12-inch solid source mass 
Spectrometer using a silica gel-phosphoric acid activator on 
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single Re filaments Lead concentrations were determined by 
isotope dilution with a ?97Pb spike, and Pb isotope ratios 
were measured,on separate 05 g aliquots. All data were 
corrected for a 10 ng Pb blank (of assumed modern isotope 
composition) by iterative calculation, and also for mass frac- 
tionation (0.1% per mass unit) 


= 
Table 1 Analytical Data 








GGU sample No Description 206ppj204pp * 207ppj204pp * 208Ph/204Pb* Pb(ppm)* ft 
15578 (WR)  Fine-gramed, banded rock Bands of magnetite, 13.834+0 009 143304001 33 618 +0 025 1 228 
and grunerite plus quartz 
155781 (M)- Magnetite separated from above sample 12 9304-0 013 14025+0016 32 671 +0 039 0.9012 
155781 (S-a) 12 939 +0 014 14 042 +0.025 33 00440 053 0 701 
155781 (S-b)  Bilicate fraction from above sample 1276440006 11396540010 {33 72440020 — 10701 
155782 (WR)  Fine-gratned banded rock Bands of magnetite, 12 932+0 018 14 043 +0.019 32 827 +0 056 1 808 
and grunerite plus Fe-chlorite plus quartz plus 
calcite 
084+0 013 13 738+0 019 32 192+0 071 10 43 
155783 (WR) Same as for 155782 (WR) 1 207340004 — 113721x0004 3210240013 1047 
12 366::0 012 13 785 +0 026 32 290+0 052 1465 
155784 (WR) Same as for 155782 (WR) 12360x0012 1377440015 3222440042 1 466 
155789 (WR) Fine-grained carbonate rock, with disseminated 12 155+0 006 13 743 +0 008 32 052-+0 022 7 633 
magnetite and accessory grunerite and chlorite 42 16540011 13 752+0 015 32 095 +0 035 7 633 


—_— rr ——— 


* Corrected for fractionation and blank Quoted errors are 20. 


t Pb concentrations were nat determined in duplicate, but concentrations have been calculated for duplicate 1sotope composition analyses 


where available 
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Fig. 2 Pb-Pb plots of analytical data WR, whole rock, S, 
silicate fraction, M, magnetite fraction 


The results are presented in Table 1 One pair of duplicate 
analyses (155781—5) 1s not 1n good agreement, possibly due to 
sample inhomogeneity 

All four banded ironstones (155781, 155782, 155783, 155784), 
as well as the carbonate rock (155789), were analysed as whole 
rocks, and a magnetite and a silicate fraction from a separate 
specimen of 155781 were also analysed 

Figure 2a 1s a plot of 7°SPb/?°*Pb against ??7Pb/20^Pb The 
data define a very good isochron (M S WD =2) A perfect 
fit ıs obtained by a 50% increase ın errors, and the isochron 
then corresponds to an age of 3,760+70 my (20) (A for 
2351 =9 72 x 1071? yr-1, for ?38U —1 537 x 10-1? yr-1, 238U/ 
2350 —1378). The time-integrated ??9U/?9^Pb (p) for the 
source region of the Pb, assuming a two-stage model of Pb 
evolution and using the primordial Pb parameters of Oversby?, 
is 99-01 Figure 2b ıs a plot of 299Pb/29^pb against 
208pp/20^pb The data scatter about a line giving an average 
value of Th/U for these rocks of 34 

The highly unradiogenic measured Pb isotope compositions 
demonstrate that these rocks have undergone severe U depletion 
atorbefore3,760m y ago Uranium depletion 1s characteristic 
of many rock types in the West Greenland Archaean, leading 
to very unradiogenic Pb isotope compositions This has 
previously been interpreted as a metamorphic phenomenon? 
The present samples have not yet been analysed for U The 
combined Pb isotope compositions and Pb concentrations 
(Table 1) indicate, however, that the present day p value of 
the rocks would be less than about 0 5, and the U concen- 
trations less than about 005 ppm D Bridgwater (personal 
communication) reports a uranium content of 0025 ppm 
from a sample Isua iron formation (GGU131533) determined 
by delayed neutron activation 

The value of 3,760+70 m y 1s by far the oldest date ever 
reported for an undoubted water-deposited sediment, or, 
indeed, for any sediment It agrees within analytical error with 
the Rb-Sr whole-rock isochron date of 3,700+140 my for 
the Isua gneisses (A for ®°7Rb=1 39x 10-11 yr-*) An unpub- 
lished Pb-Pb whole rock isochron date for the Isua gneisses 
1s in close agreement at around 3,700 my, although the two- 
stage, time-integrated u of the source region of 8 6 1s signi- 
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ficantly lower than the value of 99 for the iron formation 
(In other words, the present day ranges of ?°’Pb/?°*Pb values 
are quite different ) 

We consider that the 3,760 my date probably represents 
the date of metamorphism of the iron formation, although a 
depositional age cannot be ruled out On the other hand, 
similar dates from the Isua and Amitsoq gneisses have been 
interpreted as the time of 1gneous emplacement or subsequent 
metamorphism and deformation!” Jt could well be that 
the ironstone formation predates the emplacement of the 
presumed parent 1gneous rocks of the Isua gneisses and that 
it was thermally metamorphosed by them, and/or by the 
subsequent regional metamorphism In this connexion, there 
is no lithological or field evidence to support any suggestion 
that the ironstone formation is derived by erosion of the 
gneisses The significantly different two-stage time-integrated 
p. values of 9 9 and 8 6 1n any case indicate different immediate 
precursors for these two very different rock formations 

The Amitsoq gneisses of the Godthaabsfjord area contain 
numerous rafts and enclaves of earlier rocks which represent 
the oldest material so far recognized ın the Earth's crust?^:$ 
The lithology of some of these enclaves strongly suggests that 
they were originally supracrustal rocks similar to those that 
occur at Isua, including metasedimentary ironstones 

The high degree of exposure and freshness of the rocks, as 
well as the great variety of rock types exposed, combine to 
make Isua one of the most interesting and critical areas in the 
world for future study of the geological relationships between 
contrasted rock formations of Early Precambrian age. 

We thank the Director of the Greenland Geological Survey 
for overall support, the KryolitselKabet Øresund A/S of 
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collection at Isua, Mr Philip Morey and Mr K Kurki for 
their help at Isua; Dr D Bridgwater for general help, MrR 
Goodwin for technical assistance and Mr J Arden for technical 
advice 
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Earthquake Prediction based on 
Station Residuals 


TELESEISMIC residuafs of the Matsushiro seismic station 
clearly indicate a decrease 1g P-wave velocity underneath 
this station beginning three years before the Matsushiro 
earthquake swarm of 1965 This 1s the first instance where 
premonitory velocity changes have been observed before 
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strike slp faulting’. It ıs concluded that P-wave residuals 
provide another means for assessment of the earthquake 
risk near seismic stations. 

The origin time and location of an earthquake are found 
by minimizing over all stations the difference between 
observed and computed arrival time using a standard 
earth model. As well as random experimental errors the 
residual at each station 1s 1n part due to the imperfection 
of the earthquake source determination and ın part to 
velocity deviations from the assumed simplified earth model 
along the ray path The latter effects are particularly 
noticeable for rays which travel partly 1n descending slabs 
of lithosphere?! or through volcanic magma chambers 
These rays may speed up?* or slow down 

For the purpose of detecting time variations of the 
residual due to velocity changes near a station it 1s neces- 
sary to average out effects due to the rest of the paths 
and the sources. By averaging the residuals at one station 
from numerous sources 1n all possible locations the random 
errors associated with particular paths and particular 
sources tend to cancel. The part of the residuals due to 
possible velocity changes in the crust underneath the 
station will be common to all residuals and can be observed 
Nur and Simmons* and Whitcomb et al.’ have shown that 
the P-wave velocity changes are more important than that 
of the S wave. We therefore consider P residuals only. 
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Fig.1 Teleseismic P residuals during 8 yr at Matsushiro The 

numbers of residuals averaged during each period of six months 

are given in the lower part - - - , Average of the entire period 
excluding the years 1963 and 1964 


Matsushiro was selected for this study because a large 
earthquake swarm occurred near and underneath the 
station? and because this 1s a good seismological observatory 
with accurate timing and high gain recording. The total 
seismic energy released in the Matsushiro sequence was 
equivalent to a magnitude 63 event, and the strain release 
occurred within a hemisphere of radius approximately 16 km 
centred at Matsusbiro? 

A total of 3,000 Matsushiro P-wave residuals (all earth- 
quakes located with approximately twenty-five or more 
stations) were selected from the Bulletin of the International 
Seismological Center for the years 1960 to 1968 The 
values of observed minus theoretical travel times were 
averaged over intervals of six months These average 
residuals and the number of events used for each average 
are shown in Fig 1 

The deviation of individual residuals from the mean is 
typically 1 s. Thus, the standard deviations for intervals 
of six months are expected to be equal to or smaller 
tban 01 s because approximately 150 well located earth- 
quakes are available during periods of six months 
tion of the standard deviation for several 1ntervals showed 
this to be the case 
changes if the amplitude and time duration exceed 02 s 
and six months respectively. ` 

The long term average residual of Matsushiro ıs —125 
(dashed line in Fig 1) The values of practically all the 


Calcula-* * 


We therefore expect to detect residual * 
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intervals except durmg 1963 and 1964 are within one 
standard deviation from the average. In October 1962, 
the magnitude of the residuals begins to 1ncrease, indicating 
longer travel times. Because all random effects have been 
cancelled the only cause for the 1ncrease can be a decrease 
in P velocity near the station The Matsushiro earth- 
quake swarm began 330 d after the residual values were 
back to normal The principal energy release of the 
swarm occurred 570 d after the residuals had returned to 
normal During and after the swarm no long term residual 
changes were observed. 

An inferred P-velocity scale is indicated on the right 
of Fig. 1 The assumption for this scale was that the 
residual increase was caused within the source volume of 
re;16 km defined by the earthquakes. On this basis we 
estimate that the P velocity in the source region of the 
Matsushiro swarm decreased by approximately 2096 about 
three years before the swarm. The entire pattern and 
magnitude of the anomaly is strikingly similar to pre- 
monitory velocity changes reported in other regions"! 
This observation supports the notion that the Matsushiro 
earthquake swarm was not volcanic but tectonic 1n nature!” 
The raising of temperatures above the Curie point and 
possible partial melting which may have taken place during 
the swarm in a volume with rzz01 km (ref 12) could 
not have caused the decrease in velocity which, according 
to the residuals, occurred 3 yr before the swarm 

The precursor time in this case was approximately 
1,260 d With a cumulative magnitude of 63 this observa- 
tion fits the precursor time magnitude curve^! with sur- 
prising accuracy We conclude that if the precursor time 
interval curve and the P-wave residual anomaly at 
Matsushiro had been known in August 1965, when the 
swarm started with the occurrence of many small events 
(Fig. 1), a very strong case could have been made for the 
prediction of an imminent shock with magnitude near 6 

We propose that the routine monitoring of long term 
changes in the station residuals may be used as a tool 
for earthquake prediction at stations 1n tectonic areas. 
An important advantage of this approach is that the events 
to be predicted need not be preceded by seismicity in or 
near the future source regions. 
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Stratospheric Observations 
from Nimbus 5 


EXPERIMENTS using both infrared and microwave radiometers 
have been developed for the Nimbus series of satellites»? 
Selective chopper radiometers (SCR) for Nimbus 4 and 
Nimbus 5 incorporate cells containing carbon dioxide gas to 
accomplish the narrow-band filtering, thereby achieving a very 
high effective spectral resolution—of the order of the width 
of the absorption lines themselves By this means emission 
from levels ın the atmosphere as high as 45 km can be selected 
The first SCR on Nimbus 4, which was six channels ın the 
15 um CO; band?^^, has worked successfully for more than 
3 yr, data from ıt have provided the first global, maps of 
stratospheric temperature at these high levels*~’, and strato- 
spheric warmings have been identified®»? 

The SCR on Nimbus 5 is a more advanced instrument and 
possesses 

(1) It has a narrow field of view, equivalent to ~25 km 
resolution at the Earth’s surface, which means that observations 
of areas which are cloud free or which have uniform cloud 
cover are more likely than with Nimbus 4 

(2) It has eight channels (groups A and B in Fig 1) for 
temperature sounding in the 15 pm CO, band, from which 
three selectively chopped channels are derived (two on Nimbus 
4) enabling better vertical resolution to be achieved 

(3) It has four channels for the identification and observa- 
tion of cirrus cloud Two of these (C1 and C2) are ın the far 
infrared, C1 1s sensitive to wavelengths greater than about 
100 um and C2 to a narrow band near 49 um These regions 
are chosen where water vapour absorbs strongly with approxi- 
mately the same mean absorption coefficient 1n both regions 
In clear conditions, observations of atmospheric emission in 
these spectral regions give an effective radiating temperature 
which 1s the same 1n both channels and representative of the 
upper troposphere When high cloud 1s present, this equival- 
ence no longer exists, because of the differing properties of 1ce 
particles 1n. the two spectral regions The difference in 
equivalent temperature therefore conveys information about 
high 1ce cloud 

The other two channels for observation of cirrus cloud are 
centred near 2 7 um and 2 6 um (D1 and D2 in Fig 1) where 
CO, and water vapour have strong absorption bands During 
the day, sunlight reflected from the atmosphere ın these 
channels will be due to clouds 1n the upper part of the tropo- 
sphere, so providing a further means of identification of high 
cloud 

(4) It has three channels in window regions (C4, D3 and 
D4 ın Fig 1). Atmospheric transparency 1s different in these 
three regions, also the variation of the Planck blackbody 
function with temperature is very different—at the shorter 
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Fig.1 Spectral response of the various channels of the Nimbus 5 
SCR 
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Fig.2 Effective radiation temperature measured by channels C1 

(——, > 100 um) and C2 ( - - - , 49 um) as the instrument passes 

over deep high cloud near the equator At point marked by 
arrow, C3 (18 um) and C4 (11 um) both read 191 K. 


wavelengths tfe variation 1s very steep During the night, 
comparisons between them enable clear areas to be identified 
and sea surface temperature to be determined accurately 
Further information about the structure of low cloud within 
the field of view 1s also provided 

(5) It has two channels for determmation of atmospheric 
water vapour, C1 or C2 rm a strongly absorbing region and 
C3 near 18 um 1n a weaker region 

In Fig 1 we show the spectral location of the various 
channels A more complete description of the instrument 1s 
given elsewhere? 1+ 

The prime objectives of the Nimbus 5 SCR are to carry 
out remote sounding of temperature, water vapour and cloud 
from the surface up to an altitude of about 45km Subsidiary 
measurements of cloud, water vapour and surface temperature 
are important m their own right but also enable tests to be 
made as to how well temperature retrievals can be obtained 
in the troposphere under a variety of conditions 

The Nimbus 5 SCR was switched on about 6 h after launch 
and has so far functioned perfectly Initial analysis of the 
results has been confined to channels sounding high cloud, the 
plotting of global stratospheric maps and a comparison 
between Nimbus 4 and Nimbus 5, SCR data 

In Figs 2 and 3 we present observations over deep high 
cloud near the equator The cloud in Fig 2 1s centred near 
4° N, ‘190° E, and that in Fig 3 ıs near 6° S, 180° E From 
these figures we conclude 

(1) For the cases shown, away from the clouds, where the 
window channels indicate clear regions, the effective radiating 
temperatures 1n channels C1 and C2 are the same within ~1 K 

(2) Where the cloud 1s most opaque ın Fig 2, the measure- 
ments are consistent with the cloud emitting greater than 99% 
of blackbody radiation at the cloud top temperature at wave- 
lengths of 11 um, 18 um and 49 jim, and about 94% of black- 
body radiation at that temperature at wavelengths greater than 
100 um The difference ın effective radiating temperature, of 
11 K at the centre of the cloud between channels C1 and C2, 
agrees reasonably well with the calculations of Houghton and 
Hunt!?, who predicted a difference in effective. radiating 
«emperature of up to 20 K. for deep high cloud in a tropical 
atmosphere. The same effect though less pronounced can be 
seen in Fig 3. 

(3) In Fig 2 where the cloud 1s less opaque, the effective 
temperature at Cl wavelengths is greater than that at C2 
This 1s presumably because the cloud 1s more transparent at 
the longer wavelengths both because of the ratio of particle 
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size to wavelength and also because of the behaviour of the 
absorption coefficient of ice More radiation from lower in 
the atmosphere can therefore penetrate at C1 wavelengths than 
at C2 This effect of different transparency ın the two spectral 
regions works 1n the opposite direction to the differing reflec- 
tivity mentioned in (2) above Which effect 1s the greater 
depends on the number density and size of the particles ın the 
cloud and the cloud thickness For small particles the same 
effect was demonstrated by the calculations of Houghton and 
Hunt 

(4) The signal in channel D2 (near 2 6 um) 1s plotted in 
Fig 3, expressed as an effective albedo The variation of 
signal 1n this channel matches the emission signals ın the long 
wavelength channels very well and the magnitude agrees well 
with predictions! 

Our first look at the data shows that the combination of 
Measurements of emission at long wavelengths and reflected 
sunlight at short wavelengths 1s potentially powerful 1n the 
investigation of the distribution and structure of high clouds 
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Fig.3 a, Effective radiation temperature for channels C1 (——) 

and C2 (---) b, Measurements of reflected sunlight near 

2 6 um by channel D2 on the same occasion Because of strong 

absorption 1n this spectral region, only sunlight reflected from 
very high cloud 1s detected by channel D2 


Maps of the emission measured by channel B12, 1n terms 
of equivalent temperature, which 1s approximately the mean 
atmospheric temperature averaged over a slab about 20 km 
thick centred at 45 km, are given in Fig 4 The averaging 
function 1s similar to that for channel A of the Nimbus 4 
SCR*5 On January 24 (Fig 4a) the temperature field was 
disturbed, with cold centres over Northern Canada and 
Mongolia and a tongue of warm: air extending from mid- 
latitudes over Europe to reach Northern Siberia The distur- 
bance subsequently increased 1n amplitude until the greatest 


zonal variation occurred on about January 28 (Fig 46) Duringe e 


this period the temperature over North-west Russia rose 


further to give a hot centre of 270 K, 18 K warmer than at the e 


equator, while the cold centre over Asia moved eastward to 
merge with thgt over North America This wave activity 
was accompanied by a rise of zonal mean temperature at high 
latitude, at 80^ N for the same B12 channel the temperature 
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Fig. 4 Equivalent radiative temperature (K) measured by 
channel B12 for the northern hemisphere on a, January 24, 1973, 
b, January 28, 1973 


changed from 245 K on January 24 to a maximum of 254 K 
on January 30, 

The progression of the warming was observed on all channels 
between A2, peaking at 110 mbar (16 km), and B12, peaking 
at 15 mbar (45 km). But the biggest change occurred at the 
channel centred at about 38 km, where the zonal mean tem- 
perature at 80? N, already relatively high for winter (230 K 
on January 24, compared with typical temperatures of 215 K 
for December 1972 and late February 1973), rose to 254 K 
on January 30 The dominance of the upper stratospheric 
temperature field by wavenumber two (two waves around the 
globe) on January 24 and wavenumber one on January 28 
was followed by reversion to shorter wavelengths after January 
30 with predominance of wavenumbers two and three 

Nimbus 4 and Nimbus 5 are ın similar orbits, so direct com- 
parison 1s possible between their SCRs There seems to be no 
significant systematic difference between the highest channel 
of the Nimbus 4 SCR and a ¢ombination of Nimbus 5 channels 
arranged to match the Nimbus 4 channel 
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Anomalous Fading of Thermo- 
Iuminescence in Mineral Samples 


THE use of thermoluminescence (TL) for dating archaeological 
ceramics 15 well established! Recently we have been attempting 
to use similar techniques to date volcanic lava from geologically 
recent flows (5,000 to 50,000 yr old), by measuring the TL 
from the feldspars present These included rhyolites from near 
Naples and basalts from Iceland and the Massif Central region 
of France, the latter were of particular interest because palaeo- 
magnetic and potassrum argon age measurements and related 
radiocarbon dates in the Chaine des Puys region have sug- 
gested a geomagnetic polarity excursion of the Earth's magnetic 
field within the past 50,000 yr (ref 2). The basalts contained the 
plagioclase feldspars labradorite, andesine and bytownite, 
and the rhyolites contained the alkali feldspar sanidine All of 
the TL ages obtained were significantly lower than the accepted 
ages of the lava flows, some by an order of magnitude 

The reason for this discrepancy 1s a loss of charge carriers 
from traps which contribute to the TL in the 350-450° C region 
of the glow curve It 15 commonly assumed in TL dating, and 
expected on theoretical grounds, that at ordinary temperatures 
the lifetime of carriers ın such traps 1s of the order of 105 yr 
and upwards? This Joss 1s termed "anomalous fading” and 
its occurrence has been directly demonstrated in the laboratory 
for a variety of feldspars Using the TL apparatus described 
by Aitken and Fleming’, and a ??Sr/??Y beta source for 
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Fig. 1 a, TL glow curves for Massif Central basalt obtained 
immediately after irradiation (A) and after storing for 3 d at 
room temperature (B) The heating rate used was 6° C s^ 
b, TL intensity ratio curve derived from Fig la The ordinate 
represents the % TL left after storage for 3 d 
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irradiation, each sample was put through the following pro- 
cedure (1) srradiate, (2) store in darkness at room temperature, 
(3) measure TL, (4) irradiate, (5) measure TL immediately 
A check was made that there was no change in sensitivity in 
any of the samples used In Fig 1a] show the TL glow curves 
obtamed for a basalt lava sample from the Massif Central 
(labcratory reference 13201) The intensity ratio of the delayed 
glow curve to the immediate one 1s shown in Fig 15, there 1s 
a 45% loss of TL at the 400? C ordinate after storage for 3 d 
at room temperature The behaviour of other lava samples 
followed this pattern. In Fig 2a similar glow curves are shown 
for a sample of Norwegian alpha quartz and the ratio plot 
(Fig 25) shows no loss above the 250° C glow curve ordinate; 
the profile of the curve 1s that expected on account of the 
thermal emptymg of the shallower traps only Quartz 1s a 
material widely used 1n archaeological dating with satisfactory 
results* 


M 


Table1 Room Temperature Fading of Minerals 
A 


Temperature TL lost Storage 
Mmeral ordinate (°C) (95 tme 
Sanidine 300 25 4h 
Fluorapatite 400 40 15h 
Labradorite 350 40 15h 
Andesine 350 16 16h 
Zircon 350 16 17h 
Bytownite 350 10 8d 
Quartz Above 350 05 2yr 
Limestone 370 05 2 months 


ee 


Various feldspar separates, limestone, fluorapatite and 
aircon were also examined and the results for the samples 
showing the most acute fading are summarized in Table 1 
Zircon and fluorapatite were included because their use for 
TL dating has been proposed? Within experimental error the 
lugh temperature peaks in quartz and limestone do not show 
anomalous fading About twenty different feldspar samples 
were studied, 1n five the fading was less than 5% after 4 weeks 
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storage, and in the remainder the behaviour was intermediate 
between this and the fading of the four feldspar samples 
quoted in Table 1 But failure to observe fading in a short 
term experiment does not exclude longer term fading More 
detailed experrments onthe samples ın Table 1 indicate that 
there 1s a rapid initial fading followed by a much slower loss 
of TL with time The shape of the decay curve does not, 
however, conform to any simple time dependence A typical 
decay curve for fluorapatite 1s shown in Fig 3 





Table 2 Effect of Temperature on Fading of 270 °C Peak in 
Fluorapatite 
Storage temperature TL lost Storage time 
(K) % ) 
TT 22 2 
173 30 3 
290 35 2 
373 43 2 





The effect of fading of the temperature at which the sample 
was stored during the delay period was examined Storage at 
255, 173 and 77 K gives decay rates which are slower at the 
lower temperatures (see Table 2) indicating some temperature 
dependence So it is not strictly correct to describe the process 
as “non-thermal” as early work suggested? Similar apparently 
“non-thermal” TL loss has been reported recently for lunar 
material’ 

The fading does not seem to be related to surface effects 
as the fading rates 1-8, 50-100, 200-500 um grams and also 
for a thin (300 jum) slice of the same material (fluorapatite) 
gave the same fading rates The fading rate seems to be 
independent of the type of irradiation unless this 1s by alpha 
particles, an orthoclase feldspar (laboratory reference Z1) 
exhibited no detectable difference 1n rate after irradiation by 
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Fig. 2 a, TL glow curves for Norwegian alpha quartz obtained 
immediately after 1rradiation (A) and after storing for 3 d at 
room temperature (B) The heating rate used was 6° C s^! 
b, TL intensity ratio curve derived from Fig 2a The ordinate 
represents the % TL left after storage for 3 d. 
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Fig. 3. Room temperature fading in fluorapatite The ordinate, 
on a logarithmic scale, indicates the % TL remaining at the 350° 
C glow curve ordinate after storage for t h 


P particles, ultraviolet radiation (medium pressure Hg lamp) 
or y rays ($?Co), but when ?*?Cm alpha particles were used 
the loss at the 350? C ordinate after 100 h storage was 10% 
greater The mechanism for the fading 1s now being investigated 

Use of research facilities provided by the Nuffield Foundation 
and an NERC studentship are acknowledged I thank Dr 
F B Atkins (University Museum, Oxford) for supplying 
many of the samples, Dr M J Aitken for supervision and 
J C Alldred for discussions 
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Encounters of the Barth with Comets 


THE proposal by Urey! that tektites may originate through 
Earth-comet collisions has recently been extended to suggest 
that the energy released may be sufficient to produce periods 
of intense geological activity? But the hypothesis 1s crucially 
dependent on the picture adopted for the structure of comets, 
and Urey assumes that the fundamental permanent heart-and- 
soul of a comet 1s a solid nucleus of kilometric size, with 
activity of the comet resulting from solar radiation and pos- 
sibly interaction with the solar wind If that were so, such an 
object impacting the Earth would not produce essentially 
different effects from those by a meteorite or asteroid of com- 
parable mass 
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In spite of the publicity devoted to the icy nucleus model, 
observations of comets make it clear that the hypothesis 1s 
untenable These considerations have recently been reviewed 
1n detail, but it may be worth mentioning again some of the 
more inescapable instances Comet 1927 IV remained visible 
out to 115 au, where solar heating would be negligible, 
and an object only kilometres ın diameter would not be de- 
tectable at such distance Comets do not appear as point- 
sources but expa up and grow fainter, merging with the 
background sky ar 4 vanishing through excessive diffuseness 
of their light Again Comet 1729 had perthelion distance of 
more than 4 . > vet was visible to the unaided eye, and 
Comet Humason (1962 VIII) remained far outside the orbit 
of Mars yet developed a splendid tail On the other hand, 
Ikeya-Seki (1965 VIII) developed a negligible tail when inside 
the orbit of Mercury This difficulty was dealt with ad hoc 
at the time by claiming that the comet was “worn out”, with- 
out explaining how this could be known for a freshly dis- 
covered comet But immediately after perihelion ıt produced 
a tail 20° long visible to the unaided eye, as was predicted 
on the dust swarm hypothesis 

Another telling consideration 1s that only about 60% of 
comets have shown signs of any nucleus, and even for these 
not at all times nor at every return The angular sizes of 
some nuclei when measurable are far too large to correspond 
to solid bodies, and though occasionally one may seem star- 
like to the eye there 1s no possibility of resolving an object of 
only kilometric size The nucleus of 1882 II shortly after 
perihelion suddenly became a brilliant streak 200,000 km 
long, which then divided into five or six separate comets, 
resembling "a string of pearls" Yet another more recent 
observation unfavourable to the nucleus picture was Comet 
Bennett (19697) which 1n Ha was found to have an overall 
extent ın excess of 10%cm Radiometric measures, interpreted 
as if relating to a nucleus, indicated a temperature of 700 to 
800 K at about 055 a u from the Sun‘ what sort of ice could 
this be? Yet again, during intense meteor showers (the debris 
of comets), there has been no instance of any meteorite reach- 
ing ground level in the shower orbit, decisive evidence that 
no large particles exist ın comets Finally, no feasible 
mechanism whereby such icy snowballs could form ın the 
Solar System has been forthcoming 

On the other hand, from more than a century of observa- 
tions before 1950, the structure inferred was that of vast 
swarms of widely separated meteoric particles, and this 
receives theoretical support from the accrefion process for 
the formation of comets from interstellar dust All the 
numerous accounts and interpretations by former skilled 
observers are still available, and it 1s only by ignoring this 
mass of evidence, not to mention modern observations, that 
the icy nucleus model can survive at all Even the short period 
Comet d’Arrest has a coma 10" cm or larger at times But 1t 
1s not likely that the actual limit to the particle distribution 
should be the mere optical limit, as the vast extent of Comet 
Bennett seen in Ha would suggest 

With the particle structure for comets, the circumstances 
during an encounter with the Earth would be very different 
from those envisaged by Urey First, the probability of 
encounter 1s much increased on the nucleus basis, a direct 
hit would occur only about once every 50 my, but for a 
dust swarm 10”, 10" or even 10? cm ın linear dimensions, 
the Earth may on average pass through a comet more than 
once every million years Other things are changed too, for 
if the relative speed 1s high, as 1t would be for long period* 
comets, the Earth would only sweep up those particles 


directly ın its path, with just a slight increase 1n effective radius, ə 


from gravitation The result would be a meteor shower 
over the forward hemisphere, probably on a most impressive , 
scale, but the whole captured mass would only be of order 
105 g, and would correspond to a total entry energy of about 
10” to 10? erg, not only three orders of magnitude less than 
on the nucleus picture, but spread over a time of order 1 d 
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and distributed through the high atmosphere, rather than an 
almost instantaneous meteoritic type of impact on the solid 
surface But for short period comets of moderate eccen- 
tricity, the relative velocity can be low enough for an accre- 
tion stream to form behind the Earth by gravitational 
focusing, and then, ın addition to meteors on the forward 
hemisphere, a captured jet of far denser heated material 
would fall to the Earth through the high atmosphere, and 
could by these means shower tektites onto comparatively 
small localrties’ Although short period comets are generally 
smaller than long period ones, the amount of captured 
material could be of the same order because of the lower 
relative speed, and if only 01% were refractory material 
going to form tektites, this could still mean a fall of about 
10? g 

The same general kind of accretion process could also be 
initiated for the Earth by a meteoritic impact sufficiently ener- 
getic to remove the whole atmosphere above the general area 
of impact, thereby enabling material to be projected into 
orbits carrying it halfway round the Earth, again to be 
focused into a stream above the atmosphere by the accretion 
mechanism® On either process, cometary or meteoritic, the 
resulting downward jet could persist for a period measured 
m hours, depending, in the cometary case, on the circum- 
stances of passage through ıt, during which time the rotation 
of the Earth would spread the shower ın longitude This 
mechanism right well account even for the systematic dif- 
ferences in tektites with longitude claimed to have been 
established 1n the australite and 1ndochimte fields 

Thus on the nucleus hypothesis, cometic collisions with the 
Earth would probably be too rare for possibly eight dif- 
ferent tektite fields to have formed during the past 50 my, 
though whatever the details of the mechanism it could not 
be essentially different from that of the impact of a meteorite 
of comparable mass In either case, for a mass of 10/9 g, the 
energy could be 10? to 10% erg, as maintained by Urey, and 
would certainly be enough to produce worldwide devastation, 
though any detailed mechanism whereby objects resembling 
tektites would result 1n such a cataclysm has not been put 
forward On the other hand, with the dust swarm picture, 
encounters with the Earth would be far more frequent, but 
only intense meteoric phenomena could occur for long period 
comets, with no serious consequences at ground level, unless 
indeed increased rainfall were stimulated thereby for a 
time, after the manner suggested for known meteor showers 
by Bowen’ But for short period comets there would be the 
possibility of formation of tektites by means of the accretion 
mechanism, and for this process the frequency of occurrence 
would accord with the number and ages of the known tektite 
fields F 

Also, on the meteoritic or cometary nucleus impact hypo- 
thesis, tektites should be present on the other terrestrial 
planets and the Moon But on the dust swarm cometary 
encounter hypothesis, tektites should be rarer on Venus than 
on the Earth, because of its smaller mass and higher orbital 
speed, rarer still on Mars and probably absent altogether from 
Mercury and the Moon’, though it may not be possible to 
verify these conclusions directly for some time 
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Clathration as a Practical Method 
for Handling Dimethylmercury 


THE interest 1n dimethylmercury 1n connexion with studies of 
environmental pollution prompts us to report a convement and 
comparatively safe method for handling this volatile and 
extremely toxic compound. We have found that dimethyl- 
mercury may be stored, until ready for release, ın the form of 
an inclusion compound, the organometallic guest being accom- 
modated in the relatively large, approximately hour-glass 
shaped, cavity? formed by the clathrate? host, 4-p-hydroxy- 


I OH 


phenyl-2,2,4-trimethylthiochroman (Structure I) This repre- 
sents the first successful attempt to prepare a stable inclusion 
compound containing dimethylmercury, although diethyl- 
mercury and longer chain mercury dialkyls have been reported! 
to form inclusion compounds with urea, diethylmercury has 
also been included® 1n the tri-o-thymotide chanel structure. 

The highly crystalline adduct, prepared by recrystallization 
of unsolvated? (Structure I) from neat liquid dimethylmercury 
(cation), 1s found by NMR analysis to have a molecular ratio 
of host to guest of 6'1 (microanalysis requires 10.35% Hg; 
found 10.4275 Hg). Thus host-to-guest ratio corresponds to 
single occupancy’ of the clathrate voids. 

The crystals suffer no detectable loss of guest (NMR analysis) 
even when pumped for several days under vacuum, the closed 
nature of the clathrate cage? preventing escape of dimethyl- 
mercury Grinding the crystals does, however, liberate sufficient 
guest to be detectable by mass spectrometry Thus when crystals 
of the adduct in an evacuated flask attached to the inlet of a 
mass spectrometer are finely ground by using a magnet to 
agitate a small steel ball in the flask, the mass spectrum of 
dimethylmercury 1s observed The minimal interference found 
from the spectrum of the host makes this an attractive method 
for obtaining mass spectra of guest molecules in clathrates. 

The dimethylmercury 4-p-hydroxyphenyl-2,2,4-trimethyl- 
thiochroman clathrate ıs very convenient for preparing solu- 
tions of known concentration in dimethylmercury, pre- 
weighed quantities of the adduct merely being dissolved in 
the appropriate solvent. 

Controlled release of organometallic guests from Structure 
I and other host lattices promises to be of considerable value 
in for example, organic synthesis—especially where guest 
materials are difficult, or hazardous, to handle 1n the free state. 
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etreated with interferon (Table 1) 


NATURE VOL 245 SEPTEMBER 21 1973 
BIOLOGICAL SCIENCES 


Inhibitory Effect of Potent Interferon 
Preparations on the Regeneration 

of Mouse Liver after Partial 
Hepatectomy 


INTERFERON exhibits a marked antitumour effect ın mice 
inoculated with allogeneic or syngeneic transplantable 
tumours'?, but comparable interferon preparations did not 
affect the growth or development of newborn mice‘ It is 
important from both a theoretical and a practical point of 
view to determine whether interferon can inhibit normal cell 
division in the animal It has been shown that interferon 
preparations inhibited the multiplication of normal adult 
allogeneic spleen cells and syngeneic bone marrow cells 
injected into heavily X-irradiated mice*, Jahiel and his co- 
workers demonstrated that three interferon inducers, New- 
castle disease virus (NDV), polyinosinicpolycytidylic acid and 
statolon, inhibited the mitotic response of liver cells after 
partial hepatectomy‘, but that administration of interferon 
itself did not inhibit this response’ Now that potent and 
relatively purified mouse interferon preparations are avail- 
able, we have used this experimental system, and report here 
a marked inhibition by interferon of liver regeneration after 
partial hepatectomy 

Three-month-old male Ajax mice were subjected to partial 
hepatectomy® By determining the mean weight of the 2 of 
liver removed, one can estimate the weight of the residual 4 
of liver and therefore also estimate the total RNA and DNA 
of the residual liver? Two hours after hepatectomy and at 
intervals thereafter, mice were injected with an interferon 
preparation, mock interferon or left untreated Mouse 
interferon was prepared from mouse sarcoma C-243 cells? 
inoculated with NDV The interferon preparation was 
concentrated and purified by ammonium sulphate fractiona- 
tion and its activity assayed on L cells inoculated with 
vesicular stomatitis virus? Omitting the interferon inducer 
NDV, mock interferon was prepared, concentrated and 
purified ın a manner identical to that used in the preparation 
of interferon. The time and the amount of interferon 
inoculated are presented ın the legend of Table 1. (One unit 
of interferon as expressed in the text 1s the equivalent of 
4 mouse reference umts) Forty-eight hours after hepat- 
ectomy, mice were injected with 20 wCr of *H-thymidine 
(CEA, France) and were killed 1 h thereafter. Liver weight 
at 48 h is not a reliable criterion for an inhibitory effect on 
cell division because of varying degrees of Steatosis?, so the 
criteria of regeneration were total RNA and DNA, specific 
activity of DNA , and the number of labelled cells (auto- 
radiography) on microscopic examination Determination 
of RNA and DNA was based on the technique of Schmidt 
and Thannhauser as modified by Moulé” 

Repeated injections of partially hepatectomized mice with 
potent interferon preparations did not result 1n any increased 
postoperative mortality, Two experimental findings indicated 
that treatment of mice with interferon resulted in a marked 
inhibition of the synthesis of both total RNA and DNA 
(1) The total amount of RNA and DNA present ın the livers 
of contro] mice had increased at 48 h after operation, whereas 
the amount of RNA and DNA present in the livers of mice 


"treated with interferon did not increase (comparison of the 


mean values at 0 h and 48h Table 1) (2) After a pulse of 


* «1 h with *H-thymidme the specific activity of DNA of the 


livers of control mice was much higher than that of mice 
(The finding that the 
amount of radioactivity present in the acid-soluble fraction 
was virtually the same for both control and interferon treated 
mice indicates that the block was in synthesis of DNA and 
not in precursor incorporation ) Synthesis of RNA precedes 
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Table Inhibitory Effect of Interferon on the Regeneration of Mouse Liver after Partial Hepatectomy* 
ed Specific activity Autoradiography f 
Experi- No of Total RNA Total DNA DNA 48 h (No labelled cells 
ment Group mice (ug phosphorus RNA) (ug phosphorus DNA) (dpm pug! per 1,000 cells 

No Oh +48 h Oh +48 h phosphorus DNA) per mouse) 
1 Control preparation 14 250 380 i +13 80 t +38 Ec t +230 15] t +12 
Interferon 14 250 246 +10 60 +33 220 + 49 15 + 4 
2 Non-treated 11 Not tested Not tested ie +994 29] t +19 
Interferon 15 1,527 +243 15 + 4 


Experiment 1 3 6 x 10° units of intérferon (specific activity 5 x 10° U mg- protein) ın 0 2 ml were moculated 1 p per mouse+2, +12, +21, 
+28, +35 h after hepatectomy Experiment 2 64x 10? units of interferon (specific activity 10° U mg protein) in 0 2 ml were inoculated 1 p 


per mouse +2, +12, +22, +30 h after hepatectomy 
* The figures indicate mean value +s e 
t 2,000-3,000 cells counted per mouse 
i P«001 


DNA. synthesis in the regenerating liver*, so it ıs possible 
that the inhibitory effect of interferon on DNA synthesis is 
a secondary effect 

Decreased DNA synthesis itself may result from (a) 
fewer liver cells ın interferon treated mice synthesizing DNA , 
(b) the same number of liver cells in control and interferon 
treated mice synthesizing DNA, but the rate of DNA syn- 
thesis per cell being decreased in interferon treated mice 

The results of autoradiography indicated that fewer liver 
cells were labelled ın mice treated with interferon than in 
controls (Table 1) Although grossly the extent of labelling 
of some cells seemed similar in both groups, we cannot 
exclude the possibility that differences in the amount of 
labelling per cell exist between control and interferon treated 
mice 

Interferon thus not only inhibits the growth of tumours in 
mice’, the multiplication of tumour” and normal cells 
in vitro but also inhibits the division of normal cells 
in vivo 1n some experimental conditions Work 1s 1n progress 
to determine whether comparable interferon preparations can 
also inhibit normal cell division under less traumatic condi- 
tions than obtain after partial hepatectomy 

We thank Miss Jacqueline Begon-Lours and Mrs Josiane 
Buywid for help in the preparation of mouse interferon, 
and Mrs Suzanne Moeuf for technical assistance. We also 
thank Dr S Baron, NIH, Bethesda, for the gift of the C-243 
cells M T is the recipient of an EMBO fellowship 
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Cannabinoid Phenotypes 
in Cannabis sativa 


Ir has been suggested that “drug” strains and “non-drug” 
strains of Cannabis sativa L comprise two comprehensive 
groups!?, which can be identified on the basis of their rela- 
tive content of two of the principal “cannabinoids”. Drug 
Strains have been thought to contain an excess, usually sub- 
stantial, of (—)-A*-trans-tetrahydrocannabinol (A*-THC) in 
comparison with the amount of cannabidiol (CBD), 1nclud- 
ing carboxylate forms of both compounds, and non-drug 
strains have been held to have the reverse ratio The former 
compound 1s considered psychotomimetic (psychosis-imitat- 
ing), whereas the latter 1s not? In examining the above 
cannabinoid ratio to decide in which phenotypic group a 
Strain belongs, some investigators? add the amount of can- 
nabinol (CBN) to the amount of THC The former seems 
to be an oxidation product of A*-THC (ref 4) and 1s not 
considered to be psychoactive 

Investigators*" have reported that in some samples of the 
high-THC category of plant, there 1s a complete absence of 
CBD. Turner and Hadley’ note that in most gas-liquid 
chromatography (GLC) systems, two additional cannabinoids, 
cannabichromene (CBC) and cannabivarin, cannot be effec- 
tively separated from CBD As some samples have small 
amounts of CBC (but no CBD) in combination with large 
amounts of THC, there 1s a possibility that previous reports 
1n the literature have mistaken CBD for CBC in some samples 
of the high-THC category of plant In our own GLC system, 
we are confident that we can distinguish CBD Although we 
examined many samples of the high-THC category of plant, 
none were completely without CBD 

Our principal aim was to verify the existence of the two 
basic categories of plant, one rich and the other very low in 
A*-THC To examine the general applicability of these 


* phenotypic categories, and to see if other patterns existed, 


we examined 350 stocks of Cannabis for their content of 
the major cannabinoids, A*-THC, CBD, and CBN 

Diverse strains of Cannabis were acquired from a variety 
of sources from about fifty countries, and grown out of 
doors in Ottawa during the summer of 1971. Three males 
and three females were collected at maturity (six vegetative 
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plants were collected where a particular stock failed to 
flower before frost), males maturing a month before females 
“Manicured” marijuana was prepared by sieving the flowers 
and leaves through a screen, and samples were analysed by 
GLC An internal standard and reference samples of the 
cannabinoids were used to characterize a sample of hashish, 
which in turn was used as an external standard for the 
samples being analysed — Detailed results and methodology 
will be published elsewhere 

The strains of Cannabis we examined were assigned to 
three large modally distinct groups with respect to their 
cannabinoid content A plot of THC content against CBD 
content for female plants (Fig 1) réveals these groups Mean 
absolute concentrations of A°-THC and CBD are indicated 
for these three “types” in Fig 2 

In type I, both male and female plants possessed large 
amounts of A*-THC and very limited amounts of CBD For 
classification purposes, type I was defined as having more 
than 03% THC and less than 05% CBD Such potent 
varieties usually originated from countries south of latitude 
30° N Many strains probably conforming to this type failed 
to come into flower in the relatively short growing season of 
Ottawa 

In types II and III, large amounts of CBD (more than 
05%) were usually present Such varieties usually originated 
from countries north of latitude 30° N Female plants pos- 
sessed substantially higher contents of cannabinoids than did 
the males Most of these strains completed their life cycle 
in the Ottawa climate Type III plants contained very little 
A*-THC (less than 03%), and were not considered psycho- 
tomimetic Type II strains were defined as having high 
mean contents of both CBD (more than 059%) and 
THC (more than 03%) This arbitrary classifica- 
tron distinguishes high CBD strains which are non-psycho- 
tomimetic from high CBD strains in which the females at 
least can be considered psychotomimetic Type II strains 
were frequently cultivated for the production of fibre, oil, or 
seed These strains varied considerably in their ratio of 
THC to CBD, and individuals of such varieties could not 
consistently be distinguished from type III on the basis of 
the ratio of THC to CBD The existence of high THC levels 
in some strains conforming to the northern characteristics 
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Fig.1 Graph of THC content'plotted against CBD content in 

female plants °Clustered points have been displaced slightly for 

clarity A few individuals frorn colonies classified as phenotype 
XI fall into range of phenotype III 
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Fig.2 Common patterns of cannabinoid association Numerals 

refer to phenotype designations (3, CBD, W, THC Height 

of bars 1s proportional to mean values for the strains examined 
which conformed to the “type” 


Cannabinoid (%) 


(high CBD levels, marked differences in content of males and 
females, and relatively early maturation) may reflect hybrid- 
ization with type I strains introduced by plant breeders and 
dealers in cannabis drugs d 

CBN was rarely found A second isomer of THC, (—)-A*- 
trans-tetrahydrocannabinol, was consistently present in very 
limited quantity, always less than 01% of the weight of the 
prepared samples 

Yamauchi et al? have reported that cannabigerol mono- 
methyl ether (CBGM) was present 1n a sample of Japanese 
mariyuana In the strains we examined from northeastern 
Asia, all of the prepared samples consistently showed trace 
amounts (of the order of 005%) of a material whose reten- 
tion time matched that of CBGM 
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Immunosuppressive Properties of 
the Lymphocyte Chalone 


EXPERIMENTAL evidence indicates that a number of cells are 
mitotically controlled by specific and endogenous negative 
feedback inhibitors of mitosis called “chalones™™® Moor- 
head et al* were the first to apply this concept of a negative 
feedback inhibitor of mutosis to the lymphocyte system 
They demonstrated that extracts of pig lymph node contained 
material which would inhibit the. transformation of PHA- 
stimulated human lymphocytes ın culture and the im vitro 
mitotic activity of lymphocytes derived from patients with 
lymphocytic leukaemia> These observations have been con- 
firmed and extended*? Because of the importance of 
lymphocyte transformation to the phenomenon of graft 
rejection, Garcia-Giralt et al and Kiger et al”! demon- 
strated that extracts of lymphoid tissue could partially 
inhibit both graft-versus-host and allograft rejection 1n mice 
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| Here we des 















ibe the concentration and: partial purification 
-of lymphocyte chalone and its application to immunosuppres- 
sion in both in vitro model systems and in vivo studies of 
mouse skin allograft rejection. 








Table 1 Inhibition of Mixed MLC (Donors A and B) by Lympho- 
cyte Chalone Concentrate 
C.p.m. per 10° mononuclear cells Average % 
Experiment 1 Experiment 2 inhibition 
À cells alone 50 114 
B cells alone 126 60 — 
A and B cells 18,500 22,000 — 
A and B+100 ug 2,100 2,900 92 
A and B--75 ug ,400 4,300 81 
A and B+ 50 ug 6,800 8,900 60 





Acetone powders of calf thymus and spleen were prepared 
in the cold, extracted (10 ml g^?) into water, allowed to stand 
overnight at 4? C, centrifuged and subjected to molecular 
sieving in the Amicon Diaflo system!*5, Inhibitory activity 
against both PHA-stimulated transformation of lympho- 
cytes in culture and against spontaneous mitotic uptake of 
3H-thymidine by human lymphoblastic lymphocytes in culture 
(NCTC-37) was found concentrated in the molecular weight 
range 50,000 and 10,000 with most of the activity being 
found between 30,000 and 50,000 as previously reported’. 
This activity was apparently non-cytotoxic. The latter 
molecular weight range was then dialysed and lyophilized. 
Approximately 50 ug ml^! of the lyophilized, sieved materials 
from either spleen or thymus acetone powders would inhibit 
about 50% of the *H-thymidine uptake by 500,000 human 
lymphocytes ml“ when stimulated by PHA in culture??, The 
effects of 100, 75, and 50 ug ml"! of lymphocyte chalone con- 
centrate from the spleen, upon the uptake of *H-thymidine 
by 500,000 mononuclear cells ml7! (from two separate donors 
cultivated in "mixed lymphocyte culture" (MLC) in Medium 
199 supplemented with 2095 calf serum, glutamine, and 
*Pen-Strep' (Gibco) ) are shown in Table 1. These data indi- 
cate that 90% of the ?H-thymidine uptake during a 7 d 
incubation in vitro in MLC was inhibited by 100 ug ml 
of molecularly sieved and concentrated lymphocyte chalone 
activity from spleen. As little as 50 ug mI"! will inhibit over 
half of the total immunologically stimulated transformation 
of these human cells in culture. Similar results were obtained 
using extracts of thymus. This MLC incubation system has 
been helpful in predicting the intensity of subsequent clinical 
graft rejection". 





Table 2 Effect of Lymphocyte Chalone Extract upon the Inhibition 
of Transformation and Release of MIF from Human Lymphocytes 











Thymus extract MIF 
(ug mi~) 55 Thymidine activity (94) 
0 0 67 
5 10 58 
10 18 50 
15 25 42 
20 33 36 
25 45 10* 
50 58 0* 





* Statistically insignificant macrophage inhibition. 


Using a new method for the determination of macrophage , 


migration inhibitory factor (MIF), which is extremely sensi- 
tive and quite rapid", we studied the effects of various con- 
centrations of sieved concentrated lymphocyte chalone from 
spleen upon both the PHA-stimulated transformation of 
human lymphocytes in culture, as judged from the uptake of 
. SH-thymidine, and also the release of MIF activity into the 
a supernatant of these cultures. These data are presented in 

2 and clearly indicate that there was a parallel inhibi- 


forming lymphocytes with 
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10 Seine uptake and MIF release from trans- Received May 10, 1973. 




















































increasin, amou 
cyte chalone concentrate until, at 25 ug ml”, ap 

45% of the thymidine uptake was inhibited and no s gni 
amount of MIF activity was released into the culture mediu 
Because of the considerable importance of MIF to the 
immunological defence mechanism of the body in te 
graft rejection, these data, together with those described 
in Table 1, support the possibility of successful immu 
suppression by lymphocyte chalone concentrate. 





Table 3 The Survival of Skin Allografts in C57B1/6 Mice from | 
Mice with and without Lymphocyte Chalone 








Untreated — Chalone Contro 
No. of mice 12 12 10... 
Mean survival time (d) — 10.51 2942* 10.541 
Range (d) 9-12 27-31 10-12 





Chalone administered at 5 mg d~t three times per week. i 
* Significantly different from untreated or control anima 
(P « 0.01). ; 


Thirty-four male C57Bl/6 mice had skin allotransplant: 
tion from C3H mice in the usual fashion®. Twelve of the 
animals received 0.2 ml of 0.15 M NaCl intraperitoneall 
twelve receiyed 5 mg of lymphocyte chalone concentrate 
from the spleen per 0.2 ml of 0.15 M NaCl intraperitoneall 
and ten animals received 5 mg of 50,000 to 30,000 molec 
weight range fraction made as described above from ¢ 
muscle per 0.2 ml of 0.15 M NaCl. All three groups. 
animals were injected on the first day and thén receiv 
further injections every other day (except Sundays) fc 
weeks. These results are summarized in Table 3. - 
grafts in the control and saline-treated animals were rej 
by 12 d. The chalone-treated animals retained their 
for about 29 d, with rejection occurring 8 to 10 d 
cessation of chalone treatment, Thus, the survival o 
mouse skin grafts on the chalone-treated C57B1/6 mic 
prolonged 2.5 times that of the control mice. Onl 
doses of lymphocyte chalone were used per mouse:i 
study because of limitations in the amount of the: part 
purified sieved spleen extract available. 

These data suggest, first, that lymphocyte chaloni 
centrate from spleen could inhibit the immunologically 
produced transformation of human lymphocytes in mixed 
Iymphocyte culture and, second, that this chalone concentrate 
could inhibit the release of MIF from transformed human — 
lymphocytes in vitro. This latter finding suggests that 
lymphocyte chalone concentrate might also have an amelior 
ative effect in limiting delayed-type hypersensitivity reactions 
in vivo. The in vivo demonstration of the inhibition of 
allograft rejection appears quite convincing quantitatively in 
spite of lack of knowledge as to the proper dose regimen: 
and concentration of this lymphocyte chalone concentrate 
for these animals. All three of these experimental results 
suggest strongly that lymphocyte chalone from spleen p 
sesses immunosuppressive properties that warrant fü 
experimental attention. | 

This work was supported in part by a contract from t 
Office of Naval Research. 
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Growth of Pulmonary Alveolar 
Macrophages in vitro 


THE mammalian pulmonary alveolar macrophage (PAM) plays 
a primary role in removing and detoxifying foreign materials 
reaching the terminal airways!-*. The metabolic characteris- 
tics of PAMs associated with their function as detoxifying 
and clearing agents in situ have been the subject of recent 
study*-5, but the PAM remains a poorly studied cell type?. 
PAMs have been considered a specialized cell type incapable 
of survival im vitro for extended periods or of division in 
culture!?:*!, In the lung, the PAM population is constantly 
being renewed'?-!5: cells leave the lung by migration into 
the blood!'*'7, the lymphatic system?'!*, by cell breakdown 
and clearance by other PAMs!?, or by mucociliary trans- 
port!:15:16:20; and are renewed by migration of stem cells 
to the lung interstitium!?:!*:?!, by division of precursor cells 
in the interstitium??:?3, or by division of mature PAMs in the 
alveoli?^. 

We report here that mammalian PAMs obtained by pul- 
monary lavage can be maintained im vitro in standardized 
conditions for long periods and can proliferate indefinitely 
when provided with factor(s) synthesized by a cell line of 
isologous peripheral lung tissue. 

PAMs were obtained from young adult C57Bl mice. With 
the animals under pentobarbital anaesthesia the trachea was 
exposed and cannulated, and ten successive washings (each 
0.75 ml) were performed with isotonic saline!?. Cell suspen- 
sions were examined in a haemocytometer and any containing 
erythrocytes were discarded. The cells obtained from each 
mouse were pooled, centrifuged at 1,000 r.p.m., and seeded 
at a concentration of 5 x 10? cells per culture in 35-mm plastic 
culture dishes (Falcon Plastics) containing 1 ml of medium. 


After 30 min of incubation non-adherent cells were removed * e 


with two changes of medium. All cultures were incubated 


at 37° C in a humidified atmosphere of'5?7 CO, in air. The e 


medium was replaced twice a week. 

The medium used in these experiments was Ham's F-12 
supplemented with 15% foetal calf serum and penicillin- 
streptomycin at final concentrations of 50 U-50 pg per ml 
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(Microbiological Associates). This medium will be referred 
to as F-12 medium. 

F-12 medium exposed to confluent cell cultures for 3-4 d 
was collected, passed through a ‘Nucleopore’ membrane 
(General Electric Co.) of pore size 0.45 um and used for 
PAM cultures after adding an equal amount of fresh F-12 
medium and 107; (final volume) foetal calf serum. This 
medium will be referred to as conditioned medium (CM). 

Three types of CM were prepared. CM121370 was pre- 
pared from cultures of mouse cell line 121370, a rapidly 
proliferating long-lived line derived in this laboratory from 
adult C57BI peripheral lung tissue?*. CMWI38 was prepared 
from cultures of WI38 human foetal lung fibroblasts?5. 
CML-929 was prepared from cultures of mouse L fibroblasts, 
clone 929, originating from a mouse subepidermal tumour?’. 
These cell lines are maintained in F-12 medium. 

Cell suspensions obtained by pulmonary lavage were quite 
homogeneous??:7, Differential counts of May-Grünwald 
Giemsa stained smears indicated 9627-9797 of the cells were 
macrophages, < 3% lymphocytes and < 1% monocytes. More 
than 96% excluded trypan blue?*. This was operationally 
considered a pure PAM population?:!?:2?, although identi- 
fication of individual cells in unstained smears and early 
cultures was difficult (Fig. 12). When incubated for 30 min 
in a 0.1% *Zymosan' suspension more than 95% of the non- 
lymphocytes were phagocytic, although the amount of 
‘Zymosan’ associated with each cell varied considerably?. 

PAM cultures maintained in F-12 medium for periods of up 
to 16 weeks presented a uniform appearance characteristic of 
non-proliferating cells: the cells remained rounded-up, mitotic 
figures were never observed, and cell number and total cell 
protein (Fig. 2) did not increase. These cells phagocytosed 
‘Zymosan’ particles for at least 6 weeks. In cultures initially 
given CM121370 mitotic figures were first observed within 
24-36 h, cells spread out, became vacuolated, motile, and 
proliferated at a steady rate. This proliferation was steady 
and sustained. The population did not respond uniformly: 





Fig. 1 Morphology of PAM cultures exposed to CM121370. 


Phase-contrast micrographs of cells in culture (x112.5). 

a, A culture 24 h after initiation showing the first division 

figures. b, A low density culture 14 d after initiation. c, The 

same culture 35 d after initiation. d, A high density tertiary 

PAM culture: these cells have been in culture 15 weeks and 
have been passaged twice with trypsin-citrate. 















some cells. remained rounded-up, som 


tained in F-12 medium for 3 weeks and switched to CM121370 
responded as just described and proliferated at a rate compar- 
able to parallel cultures given CM121370 throughout. 

Cells cultured in CMWI38 for 3 weeks did not respond. The 
cells were phagocytic, but neither division figures nor accumu- 
lation of protein were observed. These cultures were 
morphologically indistinguishable from parallel cultures in 
F-12 medium. When these cells were switched to CM121370 
division figures were seen within 48 h and cellular protein 
accumulated at a rate comparable to that of parallel cultures 
in CM121370. Cultures in CML-929 died within 1 week, 
Parallel cultures in F-12 medium remained viable for at least 
4 weeks and proliferated when exposed to CM121370. Dense 
cultures of PAMs have been passaged using either trypsin 
(0.5%) or ‘Pronase’ (0.025%) in citrate buffer at pH 7.429, 
Proliferating tertiary cultures are shown in Fig. 1d. These 
cells phagocytosed 'Zymosan' particles despite their altered 
morphology and proliferated when supplied with CM121370. 
When given F-12 medium only, these cultures stopped 
proliferating. 

We have partially characterized the factor(s) present in 
CM121370 responsible for the effects observed in PAM 
cultures. The factor(s) are stable to freezing and thawing; 
non-dialysable, and are not inactivated: by trypsin (Difco 
1 : 250), collagenase (Worthington CLS), or ‘Pronase’ (Calbio- 
chem B grade), at 100 pg ml-! in citrate buffer at room tem- 
perature for 6 h. The factor(s) pass through a protein 
retentive Amicon centriflow membrane (Amicon CF-50) with 
a molecular weight cut-off of 50,000. Low-molecular-weight 
growth and differentiation factors?! and cofactors?? have 
been demonstrated in other systems. Phytohaemagglutinin??:34 
and pokeweed mitogen?* are low-molecular-weight plant 
mucoproteins which induce mitosis in cultüres of macrophages. 
PAMs have previously been observed to divide infrequently, 
if at all, in vitro! 1?.335, Tt has seemed that the PAM 
might be a post-mitotic terminal cell? which, in certain 
conditions, might be maintained in a non-dividing state. Our 
results indicate that PAMs may require specific substances for 
proliferation: only CM121370, containing factor(s) synthe- 
sized by cultures of isologous peripheral lung tissue, stimulated 
PAMs to divide. CMWI38 maintained the PAMs, which 
could subsequently be stimulated to divide on exposure to 
CM121370, while CML-929 was toxic. We have not identified 
the toxic factor(s) in CML-929: two possibilities are tissue- 
specific factors or the tumorous origin of L cells. Additional 
work indicates that proliferation of PAM cultures is co-existent 
with the specialized function of phagocytosis. 

This work is in agreement with reports indicating a continuing 
need for "inducing substances" for continued proliferation in 
cultures of rat marrow macrophages?" and mouse peritoneal 
macrophages?5:3?, Cultures switched from CM121370 to 
F-12 medium cease to accumulate cellular protein (Fig. 2) and 
after a few weeks begin to round. up and assume the mor- 
phology of a cultufe maintained in F-12 medium: this 
phenomenon supports the hypothesis that a cell’s in vitro 
shape and activity can be thought of as an interaction of a 
particular cell with a particular environment??. 

Recently Evans et a/.?* showed that rat PAMs divide in 
alveolar spaces and terminal bronchioles after alveolar injury 
by exposure of the animal to NO,. This evidence and ours 


: Posen stellate, and others polygonal (Fig. 1b and c). Al. 
` these cells phagocytosed ‘Zymosan’ particles. 


Cultures main- 


strongly suggest that the lung can respond to such injury by i 


division of differentiated PAMs in the terminal airways. It 


is unclear whether this is a specific response to a demand for ** 


more PAMs or a more general injury response. 
- Itis- not known whether migration of stem cells to the lung 
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' division in the lung interstitium and/or alveolus: is the. — 

ncipal mechanism in the normal or pathological replacement __ 
phages. Both mechanisms have been demonstrated, z 
perium. 'uncrophages” , and the latter: in 


< * Nelson, D. S., " Frontiers in Biology, z (Wiley, New York, 1969). 
is Franson, R., 'Beckerdite, S., Wang, P., Waite, M. and Elsbach, 
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Fig. 2 Effect of medium composition on the proliferation of. A 
PAM cultures. Cell protein was determined by a modified 
Lowry method using albumin as standard. Values are means 
tse. ©, F-12 medium; €, CM121370 medium; A 

CMWDS medium. TR 


PAMs?* and in liver macrophages *?. Our results demonstrat 
that both mechanisms may occur in the mammalian Jung. / 
Further work is directed toward understanding changes i 
growth and function of stimulated PAM cultures with respect 
to the age of the donor animal, differing environmenta 
conditions, and the nature of the stimulating factor(s). 
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Tr asplantation of Interstitial Cells 
of the Testis 


ATTEMPTS to transplant the testis have been made for 
nany years but with little success. Difficulties with vascular 
inastomoses when whole organ transplantation was 
mployed and the effects of immunological rejection have 
the major: problems*?. More encouraging results, 
, have been reported following the grafting of 
ted components of the testes into intraocular sites 
rat? and ‘Millipore’-type chambers in the rabbit‘, 

experiments. were devised to study the fate of 
ogenate suspensions of the testis when grafted into 
rious sites in castrated inbred mice, and to assess their 
effects on primary and secondary sexual development. 

Autotransplantation was performed in groups of 
CBA(T6) x C57BI) F, hybrid mice at the ages of 3 weeks 
d 3 months. Bilateral orchidectomy was carried out 
under. ether anaesthesia through a mid-line vertical lower 





"un a sterile Petri dish containing three to four drops of 
normal saline and cut up finely with scissors. The resulting 
hick suspension was aspirated into a brain-type cannula 
ind then injected into localized areas in ear pinnae, under 
he skin of the back. and : ‘Shout and under the parietal 


Y., and Curelar, Za Lab. Inest, 26,20 — 


abdominal transperitoneal incision. Both testes were placed * * 
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Fig.1 Relative seminal vesicle weights of (C57BI x CBA(T6)) F, 

hybrid mice, 3 months after the operation was performed on 

mice 3 weeks old. @, Normal mice; ©, sham operated mice; 

A, castrated mice; »k, transplant at the dorsal site; @, trans- 
plant at the snout site. 


After 3 months the animals were killed to determine 
the appearance and histological structure of the graft and 
the weight of the seminal vesicles. Observations were 
also made in castrated, non-transplanted animals and sham 
operated control mice, in which the same operation was 
performed apart from ligating the spermatic cords and 
removing the testes. 

The weights of the seminal vesicles were expressed as 
an arbitrary, convenient ratio of the weight of the vesicles 
to the body weight of the animal thus: 


i weight of both seminal vesicles (mg) 
body weight of mouse (2) 


Relative reminal 
vesicle weight 





x 10 


Following bilateral orchidectomy in adolescent animals, 
the seminal vesicles did not develop and in adults they 
atrophied. When testicular suspensions were implanted, 
however, development was restored, but to varying degrees 
according to the site employed (Fig. 1). The subcutaneous 
dorsal site was the most effective, relative seminal vesicle 
weights being nearly as great as those of controls 3 months 
after grafting. 

Examination of the seminal vesicles revealed that those 
from castrated animals contained little or no secretion, 
whereas those from normal, sham operated and transplanted 
animals showed distension of the collecting spaces with 
secretory material. 

The graft areas 3 months after transplantation appeared 
as well vascularized, light. pink, localized swellings. The 
blood vessels were easily seen with. the naked eye and 
were prominent in many cases. Histological study of these 
grafts showed that initially there was some round cell 
infiltration with proliferation. of fibroblasts and occasional 
giant cell formation, Seminiferous tubules were atrophic 
in all cases and there. was no evidence of spermatogenesis 
but interspersed. within this tissue were small groups of 
larger cells containing granular cytoplasm which stained 
pinker with haematoxylin and eosin than the surrounding 
structures... These cells were indistinguishable from those 
of normal interstitial: cells. 
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.Mitoses were not seen but — 
the clumps seemed to become larger. with the progression 
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collections were found in the sites under the parietal 
peritoneum. 

We have established that autotransplantation of free testis 
homogenates can be achieved in the mouse with survival 
of interstitial cells, good vascularization of the graft and 
near normal development of the seminal vesicles. 

We thank the MRC for supporting this work, Dr 
Laurence Henry for assistance with histological studies and 
the photographic department of the Royal Hospital, 
Sheffield, for the illustration. 
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Electron Microscope Autoradiography 
of Kidney after Administration of "Pb 
in Mice 

WHEN mammals are exposed to lead, the metal is incor- 
porated into various tissues and also excreted in urine and 
bile. Lead is considered to pass into urine not only by 
glomerular filtration but also by direct transport through 
the tubular epithelial cells'. Histologically, tubular epithelial 
cells of lead poisoned kidney have been reported to have 
nuclear? and extranuclear inclusions or concretions**, which 
are thought to contain lead. Biochemical examination of 
the kidney after administration of lead revealed that a 
considerable amount of lead was bound to mitochondrial 
and microsomal fractions’. Thus, the tubular epithelial cells 
of the kidney are understood not only to excrete lead into 
urine but also to deposit some to form inclusion 
bodies. The transportation of incorporated lead and the 
process of the formation of the inclusion body in the 
epithelial cells have, however, not yet been demonstrated. 

We used electron microscopic autoradiography to demon- 
strate the precise localization of *"Pb in some organelles in 
the tubular epithelial cells of the mouse kidney. 

Male mice (dd strain ; aged 12 weeks, body weight 35 g) 
were injected intraperitoneally with 0.5 ml of solution of 
RaD (400 pCi) in 0.1% acetic acid. The mice were killed 
30 min after injection and the kidney was fixed with 4% 
glutaraldehyde buffered to pH 7.1 with sodium phosphate, 
and postfixed with 1% osmic acid. Small pieces of the 
tissue were dehydrated and embedded in 'Epon' mixture. 
Sections for electron microscopic autoradiography were 
placed on celloidine coated slides, stained with uranyl 
acetate and lead nitrate. The slides were dipped in 
Ilford L4 emulsion, and exposed for 70 d. RaD (specific 
activity 8.7 mCi mg™) purchased from the Radiochemical 
Centre was dissolved in 3 N nitric acid. The solution was 
neutralized with 3 N potassium hydroxide giving a white 
precipitate of lead hydroxide, which was redissolved in 0.1% 
acetic acid solution. 

RaD contains ““Pb, “Bi and “*Po in radioactive equi- 
librium. a-Emission of *"Po does not result in the appear- 
ance of silver grains in the emulsion and the energy of 
?!Bi is too great to be trapped in silver halides. Most of the 
grains observed were, thus, related to *"Pb. 

Hexagonal silver grains in the renal medulla were princi- 
pally associated with the tubules ; there were few grains on 


153 





Fig. 1 a, Electron micrograph of an epithelial cell of the rat 
distal tubule. Silver grains are observed over nucleus, nuclear 
membrane and mitochondrial matrix.  Intramitochondrial 
granules are also found, which are distinguished from silver 
grains. Bar=1 pm. b, Silver grains are distributed over the 
apical cytoplasm of a renal distal tubule cell. Most of grains 
are scattered on cytoplasm ur of cytoplasmic membranes. 
= pm. 


the connective tissue and capillary endothelial cells. Count- 
ing the grains on 20 tubules showed that in the epithelial 
cells, more than half of the grains were found on mito- 
chondria and about one third on the cytoplasm, half of 
which were associated with the cytoplasmic membranes. A 
few grains were found on the nuclei of the epithelial cells 
(Fig. la, b). These results indicate that lead is accumulated 


* *in the mitochondria and in the cytoplasm as soon as 30 min 


after its administration. 

Biochemical investigations have shown that large amounts 
of radioactive lead are accumulated in the mitochondrial 
fraction of the kidney after intravenous* or intraperitoneal 
administration’. Goyer’ reported that mitochondria isolated 
from rats after administration of lead had a decreased rate 












kinds of membrane and on the cytoplasm free of mem- 
branes. "Thus, the cytoplasm as well as the membranes, seem 
be involved in the incorporation and transport of lead. 
ew grains were found on the nuclei 30 min after admini- 
tration... Choie? found that nuclear inclusion bodies were 
med in the renal proximal tubules 24 h after a single 
ntraperitoneal injection of lead in the rat, which is consistent 
the limited inclusion of lead into the nuclei found in 
shorter study. 

thank Professor Harno Katsunuma and Professor 
Yamada for guidance and encouragement in this study. 
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? herited Differences in Intensity of 
cohol Withdrawal Reactions in Mice 


is not known whether alcoholism is an inherited disease, 
hough some aspects of this complex disorder have been 
shown to be genetically determined. One might expect that 
enetic factors could influence either the tendency of an indi- 
idual to drink excessively or the sensitivity of individuals to 
effects of a given alcohol intake, or both. Most genetic 
york has dealt with drinking behaviour. For example, it is 
ell known that inbred strains of mice differ in voluntary 
lcohol intake'. In man, twin studies have shown higher 
oncordance in monozygotic than dizygotic pairs with respect 
» patterns of drinking^?. Alcoholism is frequent among off- 
ing of alcoholics, even when raised away from their bio- 
parents*, Genetic differences in sensitivity to acute 
of alcohol have been shown in mice? and in human 


Table 1 Parental Generation 
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Mean score 


0.5 




























10 20 30 
Time (h) 


Fig. 1 Typical curve of withdrawal seizure scores against 
time after withdrawal. This curve is for the parental generation, 
males, second cycle. Points are mean scores for nineteen mice. 
Vertical bars indicate the s.e.m. at several points along the 
curve. The area under this curve is 32.1 units (score x h). 


populations (Caucasoid compared with Mongoloid)'. I report 
here that genes influence the severity of alcohol withdrawal 
effects in mice. This may mean that vulnerability to physical 
dependence can be inherited. 

Three generations of mice were tested for severity of with- 
drawal convulsions after a standard regimen of alcohol 
administration, From the parental generation we selected 
animals that showed consistently high or consistently low 
"withdrawal scores" and data obtained from two generations 
of their offspring showed that these differences could be 
inherited. ° 

Male and female Swiss-Webster mice were subjected to two 
cycles of intoxication and withdrawal, using methods devel- 
oped in this laboratory*?. The cycles were 6 weeks apart. In 
each cycle blood alcohol concentrations of about 1.8 mg ml! 
were maintained for 3 d by inhalation of alcohol vapour 
(11 mg 1). Blood alcohol levels were monitored using an 
enzymatic assay method”. The mice were given daily injec- 
tions of pyrazole (1 mmol kg?) intraperitoneally to inhibit 
alcohol oxidation and stabilize blood alcohol concentrations. 
On withdrawal, the mice were tested repeatedly for convul- 
sions elicited by handling, and the seizures were scored by a 





Blood alcohol (mg ml-!) 








: Male compared. with female withdrawal scores, P<0.05. 


Withdrawal score 


Males (N==19) Females (N= 18) Both sexes Males Females Both sexes 
D x Cycle 1, 1.85 +0.066 1.59+0.051 172::0.047 38.64: 2.31 25.7 + 3.06 32.32.16 
EF Cycle 2 1.94::0.071 1.84::0.075 1.89 +0.051 t 32.1 + 3.36 29.344.12 30.8 + 2.62 

. Both cycles 1.90::0.049 . 1.71 40.049 * 1.81 +0.036 35.3 +2.08 27.542.55ł 341.54+1.69 


_ Blood alcohg! concentrations were estimated in from one to three assays per mouse per cycle. - The data dre means :* s.e.m. 
* Male compared with female blood alcohol concentrations, P< 0.01, Student's r test. x noe 
IW i compared with cycle 2 blood alcohol concentrations, P«0.05,- - qu 












| “Table 2 Withdrawal Scores of Mice chosen for Breeding whe 





i : “Withdrawal score 
Group Mouse No. 


Cycle 1 Cycle 2° Group mean +3.e.m. 

High Male 1 61.8 76.4 55.043.95 

Male 2 45.2 48.9 

Female 1 50.5 64.0 

Female 2 46.3 473 
Low Male 3 30.0 14.1 14.9 3.58 * 

Male 4 22.7 23.0 

Female 3 16.0 94 

Female 4 2.0 2.0 





"The data are scores of eight mice in both replications of the experi- 

- nent shown in Table 1. 
/.^:;*High group compared with low group, P«0.001, Student's 
t test. 


-standard rating system. We have previously published evi- 
dence that these convulsions represent physical dependence 
on ethanol, that they can be reliably scored by different 
observers, that they are not due to pyrazole, and that they 
‘do not occur in normal Swiss-Webster mice**!?, Figure 1 
shows a typical plot of scores against time. A numerical 
estimate of the intensity of the withdrawal reaction was 
obtained by computing the area under the curve, in units of 
score multiplied by hours. Areas were separately computed 
for individual mice, to allow statistical comparisons between 
groups. The area under the curve is referred to below as the 
“withdrawal score". 

When mice of both sexes were exposed to alcohol in the 
same vapour chamber, the males developed higher blood 
alcohol concentrations than the females (Table 1). Clearly, 


either the: alcohol or the pyrazole was metabc 








by the two sexes. During withdrawal, the 
“higher seizure scores than the females, as would be exp 
from the blood alcohol concentrations? Withdrawal : 
were the same in the two cycles. The most important obser- 
vation was that some individual mice scored high 
cycles and others scored low. We therefore chose for 
ing two pairs of high-scoring and two of low-scoring mice 
Their withdrawal scores are shown in Table 2. The “highs 
all had scores of more than forty-five units in each cycle | 
the "lows" scored thirty units or less. The groups differed 
significantly in withdrawal scores. Blood alcohol conc 
tions were 1.96 :- 0.086 (s.e.) and 1.78 0.125 for the high 
low group respectively, not a significant difference. 
Offspring of the two pairs of high-scoring mice (five 
and six females) were designated “H”, and offspri 
two low-scoring pairs (three males and six female 
designated “L”. These twenty mice were given the sam 
alcohol exposure and withdrawal sccring as their paren 
All mice lost some weight during the intoxication period, 
in previous experiments with alcohol inhalation.. The 
weight loss was 9% for males and 5% for females and. the 
was no difference in weight loss between the H and L g 
As Table 3 shows, the sex difference in blood alcohol | 
was similar to that of the parents. Within each sex, the 
group scored two to three times higher than the L grou 
Multiple regression analysis was used to assess separately 
effects of score group (H compared with L), sex and bl 
alcohol levels on the withdrawal score (dependent variable) 
The results showed that withdrawal scores varied with blood 
alcohol levels as expected and also differed significantly be 
tween the H and L groups. There was no sex differenc 










































Table 3 F, Generation 








Blood alcohol (mg ml-*) 


Males Females Both sexes Males Females Both sexes ^ c 
High 2.60--0.119 (5) 1.72::0.096 (6) 2.12: 0.156 40.8 + 6.64 23.1 +4.09 311x450. 
Low 2.37::0.201 (3 1.590.063 (6) 1.85: 0.149 20.6 + 8.33 7542.15 1943.54 000, 
Both groups 2.524-0.106 1.65-- 0.058 2.00: 0.110 33.2: 6.06 15.3 43.22 22,543.62 E i 
Multiple regression analysis of withdrawal scores 

Independent variable Regression @oefficient - s.d. t P 

Group 6.154: 2.03 3.03 «0.01 

Sex 4.79 x: 4.11 1.1 NS 

Blood alcohol 30.10-t 8.65 3.48 «x 0.01 





Blood alcohol concentrations were computed from daily assays for each mouse. Data in the upper half of the table are means siem; 


for the number of mice shown in parentheses. NS, not significant. 
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Table 4 F, Generation 





Blood alcohol (mg ml-!) Withdrawal score Ux 
Males Females Both sexes Males Females Both sexes 
High 2.15:-0.114 (10) 1.64.3: 0.089 (5) 1.98 + 0.102 51,843.82 41.9 t 3.66 48.553.001 °° 
Low 2.05 +0.093 (5) 1.740.173 (12) 1.83:£:0.128 19.0+ 5.51 11.7: 3.91 13913.22 000 
Both groups 2.12:: 0.081 1.714: 0.123 1.90 3: 0.083 40.9 4: 5.12 20.6 + 4.50 30.1 3- 3.80 © 
Multiple regression analysis of withdrawal scores 
Independent variable Regression coefficient +s.d. è * t P 

Group 15.7642.11 TAT . « 0.001 

Sex 1.85 +2.32 * 0.80 NS 

Blood alcohol 11.97 £4.71 2.54 $ < 9.05 


Withdrawal score 












































































ral reactions, corresponding to the parents, was evident 
in the first generation, 
Two pairs of highest-scoring Fl mice from the H group 
and two pairs of lowest-scoring F1 mice from the L group 
“were bred. The progeny (fifteen males and seventeen females) 
were exposed to alcohol vapour for 3 d and scored in with- 
| drawal as before. Again, the weight loss during intoxication 
was the same for the H and L groups. In this experiment we 
-attemipted to obtain the same blood alcohol levels in both 
xes to compare their withdrawal scores directly. Therefore, 
ë females were exposed to slightly larger concentrations of 
ohol vapour than the males (12.5 mg 17! for females, 10.9 
"for males). This, however, proved insufficient to abolish the 
iex difference in blood alcohol concentrations (Table 4). As 
before, the multiple regression computation, taking the differ- 
ent blood alcohol levels into account, showed no sex differ- 
“ence in withdrawal scores. By contrast, the H and L groups 
differed markedly (P <0.001) in withdrawal reaction intensity. 
These experiments demonstrate that susceptibility to 
seizures on withdrawal of alcohol can be inherited. Further 
work will be necessary to show whether the effect is specific 
or alcohol. At least three possibilities should be examined: 
1) mice differ in their ability to develop physical dependence, 
that is, to produce a biochemical change jn the brain in 
response to ethanol ; (2) mice differ in the intensity of seizures 
"evoked by a given change in brain biochemistry ; and (3) mice 
"differ in baseline excitability of the central nervous system 
before exposure to ethanol. Inbred strains of mice are known 
«to differ in susceptibility to various types of seizures", an 
- Observation that may pertain to the second or third possibility. 
"Any of these mechanisms might help to explain why indi- 
viduals respond differently to chronic administration of 
alcohol. 
<- These data also suggest that there is no sex difference in 
susceptibility to alcohol physical dependence in mice. Sex 
differences in withdrawal scores were entirely accounted for 
by differences in blood alcohol levels, This observation is 
nteresting in connexion with the well-known higher incidence 
f alcoholism in men than in women, a phenomenon that 
might be either genetic or cultural. 
_ This work was supported by a grant from the US Public 
Health Service to Avram Goldstein. I thank Marilyn Miller 
or technical assistance, 
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"Genetic Muscular Dystrophy - | 


EFFECTS of congenital muscular dystrophy includé babes 
in processes associated with membrane systems of muscle!?. 
Moreover, there is evidence that genetic dystrophy in mice, 
which appears to be a suitable model for the human disease?, 
is associated with alteration of membrane events occurring 
in other tissue as well**. For example, we have reported 
altered proton permeability and related functions in liver 
mitochondria isolated from animals with the disease’. As 
aberrant membrane permeability could lead to the patho- 
logical state of muscle by producing defective excitation 
coupling, it is interesting to examine other tissues for evi- 
dence of systemic membrane dysfunction. We report here 
surface alterations of erythrocytes from dystrophic mice 
as revealed by scanning electron microscopy. 

Mice of strains 129/ReJ (normal) 129/ReJ-dy (dys- 
trophic) and C57B1/6J-dy” (dystrophic) from the Jackson 
Laboratories, Bar Harbor, Maine, were killed by decapita- 
tion, and arterial blood was removed with a micropipette. 
The blood was diluted ten-fold in isotonic saline containing 
0.5% glutaraldehyde, After incubation for | h at 25°, the 
cells were sedimented at 1,000g for 10 min, washed three 
times with isotonic saline, and finally diluted to 2.0 ml. A 
small volume of cell suspension was placed on a ‘Millipore’ 
filter of 0.22 um pore diameter and washed with a drop 
of isotonic saline. Pieces of filter were fixed to copper stubs 
with silver conductive paint, coated with approximately 
200 A of gold-palladium (40-60%) and examined with a 
Jeolco JSM-2 scanning electron microscope at 20 kV. 

Figure 1 shows a field of cells obtained from a normal 
animal (4) and from a dystrophic littermate (B). It is 
evident that a large proportion of the cells in the dystrophic 
case show surface irregularities involving variable protru- 
sions from the cell surface, while cells from the normal 
animal do not. Table 1 summarizes electron microscopic 
examination of twenty animals and shows a high incidence 
of distorted cells in dystrophic mice of two different strains. 
Distortion of the cell surface was also observed when the 
cells were incubated, washed, and suspended in either hypo- 
tonic or hypertonic saline solution. Finally, in each of the 
ten littermate pairs of mice examined, there was a correlation 
between erythrocyte surface distortion and dystrophy. 

It seems to be significant that the defect in cell surface 
was observed in mice of two genetically distinct dystrophic 
strains?. In this connexion, it is worth noting that we have 
also recently found similar alteration in erythrocytes from 
rats rendered dystrophic by maintenance on a diet deficient 
in vitamin E. 

The observation of considerable alteration in the surface 
of erythrocytes from dystrophic mice, together with the 
discovery of altered liver mitochondrial permeability’, 
suggests that serious consideration should be given to the 
hypothesis linking genetic dystrophy and systemic alteration 
of cellular membranes. A systemic defect in membrane 
composition could, for example, produce a corresponding 
defect in cation permeability which would be expected to 
have graver consequences in muscle, where excitation- 
coupling depends on cation fluxes, than in many other 
tissues. If a membrane defect that underlies dystrophy is 





Table 1 Percentage of Distorted Erythrocytes in Normal and Dystro- 


phic Mice 
No. of 
Strain No. of cells 
animals counted 
129/ReJ (normal) 2028 ^ 294 
129/ReJ-dy (dystrophic) , Uu 187 
y 
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indeed widely distributed in the tissues of the organism, 
then it is likely that it should be sought in tissues other than 
muscle, as the characteristic degeneration of muscle renders 
judgments about membrane function virtually impossible. 

This investigation was supported by grants from the 
Muscular Dystrophy Associations of America, Inc., and 
National Institutes of Health. J. L. H. is the recipient of a US 
Public Health Service research career development award. 
We thank the S. D. Warren Co., Westbrook, Maine, for use 
of the scanning electron microscope. 
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Odour-Blindness to Musk: Simple 
Recessive Inheritance 


Whissell-Buechy and Amoore? have reported specific anosmia 
in humans to two substances, iso-valeric acid and a musk 
(pentadecalactone), anosmia to the second being inherited as a 
recessive. They found a difference of incidence in both anosmias 
between Black and Caucasian subjects. 

This work raises several points of biological interest as both 
iso-valeric acid and musks are candidates for consideration as 
functional pheromones, the former in monkeys?**, and both of 
them in man*. It is also believed that some components of 
olfactory response to musk odours (exaltolide** and A'- n 
androstenone or “boar odour"") are hormone-dependent, 
being markedly increased by oestrogens. Exaltolide perception 
in women has been said to vary with the menstrual cycle*. 

Whissell-Buechy and Amoore's sample consisted, for penta- 
decalactone, of 218 parents and 266 children ranging in age e 
from 5 to 18 yr. These results were not broken down by sex 
and puberty, but of fifteen anosmic parents cited in their figure, 
ten were women and five were men, assuming the convention 
that circle symbols represent females. The object of Amoore's 
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study is to use genetic and chemical mapping to investigate 
primary odour response. On the crude data, and accepting the 
idea of menstrual variation, it could be that the genetic effect 
identified in the case of pentadecalactone is an unusually high 
degree of oestrogen dependence rather than a primary anosmia. 

I suggest that in future studies involving potential phero- 
mones it would be interesting to follow anosmic female subjects 
throughout a complete menstrual cycle and anosmic children 
through puberty. Anosmia for iso-valeric acid would not be 
expected to have in man the effects on sexual performance 
which it might have in monkeys?, but any anosmia, whether 
total or cyclical, affecting potential pheromones is of special 
interest. It would also be desirable to look for evidence of 
androgen effects upon the ability to detect, or upon the nature 
of the subjective response to, vaginal fatty acids, and to re- 
examine Whissell-Buechy and Amoore's data by age, sex, and 


the ingestion of hormones, particularly oral contraceptives, as - 


well as by menstrual date. It is known that the perception of 
taste and odour stimuli can be profoundly affected by, for 
example, pregnancy, at the level of subjective response rather 
than of threshold. 
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Drs Whissell-Buechy and Amoore reply: We are glad that 
Dr Comfort! has pointed out some wider biological significance 
of the variations in odour sensitivity that we have described*. 
Many of his suggestions for future study are included in new 
research that we have just begun. At present we merely wish to 
counter his argument that our observed distribution of penta- 
decalactone anosmia in families could possibly have been due 
to a menstrual variation in sensitivity of females, rather than 
having a recessive genetic basis as we believe. 

It should be borne in mind that about half our subjects were 
male, and that a good proportion of the females were either 
prepubertal or postmenopausal. Therefore, it is difficult to see 
how any reported menstrual cyclic changes in musk sensitivity? 
could account for our results, except in those few of our families 
where the incidence of anosmia was limited to nubile females. 
Although eleven mothers and only six fathers were musk 
anosmics, the difference is not significant. We should also 
mention that the eighty-four unrelated adult non-anosmic 
subjects in Fig. 1 of our paper? included fifty-two men and 
thirty-two women, but the mean thresholds of the two groups 
to pentadecalactone were not significantly different. This 
confirms an earlier report by one of us*. It means that our 
family trees cannot even be ascribed to any supposed systematic 
difference between the sexes as regards sensitivity to musk. 

We raise this point because it conflicts with Le Magnen's* 
widely-quoted assertion that men, boys, and prepubertal girls 
are much less sensitive than adult women to the odour of 
pentadecalactone musk. We find that young boys and girls 
(5-11 yr) also can ufidoubtedly smell this compound, unless 
they happen to be among the 8-10% having this specific 
anosmia, which is equally likely to affect their seniors. We are 
in the course of gathering additional quantitative data on this 
interesting topic. Meanwhile we continue to believe that a 
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Evidence for the Theory of Dual 
Hypothalamic Control of Ovulation 


E hypothalamus is rich in monoamines including. sero- 
onin (5-HT) and catecholamines (dopamine, adrenaline and 
radrenaline) It has. been reported that an injection of 
-HT into the third ventricle inhibits the secretion of 
gonadotrophins in cyclic and bilaterally ovariectomized 
“vats? and elevated levels of 5-HT in the hypothalamus 
"interfere with both gonadotrophically induced** and spon- 
taneous ovulation". On the other hand, intraventricular 
injection of dopamine! or its metabolite adrenaline? pro- 
-motes gonadotrophin secretion and/or ovulation. On the 
"basis of these and other results it has been postulated that 
the hypothalamus exerts a dual control over ovulation—its 
"inhibitory influence being transmitted vía a 5-HT pathway 
and a stimulatory one through a catecholaminergic (CA) 
pathway. It is believed that the balance between these 
ontrasting influences determines the occurrence of ovula- 
—4& certain critical balance in favour of the CA pathway 
promoting ovulation, and the opposite inhibiting it". 
How these contrasting influences interact to regulate ovula- 
tion. during the reproductive cycle is not known. We 
therefore injected monoamines or their antagonists into the 
third. ventricle of immature rats primed with gonadotrophin 
and given a single injection of progesterone, and studied 
the effects of these procedures on ovulation. It is well 
documented that the facilitatory effect of progesterone on 
ovulation in such rats is exerted at the hypothalamic level, 
because barbiturates?! or hypothalamic lesions can block 
ovulation induced by progesterone. 











Body weight 

Group and treatment at autopsy (g) 
) PMSG, 5 IU 76x1 
(B). Control 80+1 
Sham control, 10 pl * J42 
| Phenoxybenzamine, 100 ugt 7641 
Propranolol, 100 ug t 7942 
5-HT, 100 ug 711 
5-HT+ LSD, 2 ug 78 +2 
5-HT + dopamine, 100 pg 72+2 
Starvation Í 61 +1 














Immature rats (65 2 
Dawley strain were maintained under controlled. 
of light (on from 06.00-18.00 h) and temperature (7 m 
and provided free access to food and water. Rats received — 
a single subcutaneous injection of 5 IU of pregnant mare's 
serum gonadotrophin (PMSG, Equinex, Ayerst) in 0.1 ml 
saline at 11.00 h on day 29 followed by a single sub- 
cutaneous injection of 1.0 mg of progesterone (0.2 ml 
oil, Sigma Co.) 24 h later. Under our conditions the 
“critical period", that is, the period during which the 
neurogenic activation of the anterior pituitary occurs, 
extends from 14.00 h to 16.00 h on the day of progesterone 
injection as determined by pentobarbital sodium-induced 
inhibition of ovulation (unpublished data). On the follow- 
ing morning the animals were killed and both Fallopian 
tubes searched for ova. Rats were anaesthetized with 
ether on the morning or afternoon of the day of 
progesterone injection and placed in a stereotaxic instru- 
ment, Monoamines or their antagonists were injected into 
the third ventricle via a 27 gauge needle in a volume of 
10 ul of vehicle composed of propylene glycol-saline (1:1, 
v/v) 'The sham operated animals received vehicle alone. 
When two different agents were administered they were 
given together in the same volume (10 ul) The position 
of the cannula was verified at autopsy in the initial experi- 
ment using thirty-five rats. Of these, only two of the 
cannulae were misplaced. In subsequent experiments, 
therefore, the position of the cannula was not verified. 
Injection of PMSG alone failed to induce ovulation 
(group A, Table 1) but an additional injection of 
progesterone 24 h later induced a full ovulatory response 
in 100% of the animals (group B), thus confirming the 
well established facilitatory effect of progesterone on ovula- 
tion in these animals”. Intraventricular injection of 
vehicle alone 1-2 h after progesterone injection, that is, & 
approximately 1 h before the onset of the "critical period" 
under our conditions, did not interfere with progesterone 
induced ovulation (group C) whereas an injection of an 
a-adrenergic blocker, phenoxybenzamine (group D), 
blocked the facilitatory effect of progesterone. When a 
B-adrenergic blocker, propranolol, was substituted it failed 
to inhibit ovulation (group E). These results demonstrate 
that the facilitatory effect of progesterone on ovulation 
is transmitted through an a-adrenergic pathway. Thus 
following progesterone injection the balance between 5-HT 
and CA systems must be in favour of the latter. If the 
balance between these contrasting influences is crucial in 
ovulation, then maintaining the balance in favour of the 
5-HT system ought to interfere with the facilitatory effect 
of progesterone. This indeed proved to be the case as 
100 ug of 5-HT creatinine sulphate (equivalent to 45 pg 
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‘able 1 Effects of Intraventricular Injection of Monoamines and their Antagonists on Progesterone Induced Ovulation in Immature Rats primed 
" with PMSG (Mean t s.e.) 








No. of rats ovulating Inhibition of Ova 
No. treated ovulation (%) Ovulating animal 

0/10 100 0 

11/1 0 10.0: 0.8 
5/5 0 11.1: 1.4 
1/5 80 13 
5[5 0 8.61.8 
2/10 80 8042.0 

10/10 0 10.1+0.9 
9/10 10 10.3+0.7 
6/6 0 9.2+0.8 











were counted at autopsy 48 h aftes PMSG injection. 
| “Vehicle alone. 0. 
t Given 1 h before progesterone, that is, at 10.00 h: 


{Food was withdrawn following PMSG injection until autopsy but water was available. 


` All rats received 5 IU PMSG on day 29. In addition, groups B jo I received 1 mg progesterone 24 h later, that is, at 11.00 h. Within 
2 h after the steroid injection monoamines or their antagonists were microinjected into the third ventricle under ether anaesthesia. Tubal ova 
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of 5-HT) injected 1 h before the critical period blocked 
progesterone induced ovulation (group E). Conversely, by 
shifting the balance of monoamines in favour of CA, 
ovulation ought to be restored even in the presence of 
high levels of 5-HT. The inhibitory effect of 5-HT was 
completely blocked by a simultaneous injection of LSD 
(group G), a potent antagonist of 5-HT, or by dopamine 
(group H). These data should not necessarily be interpreted 
to mean that dopamine as such overcomes the inhibitory 
effect of 5-HT. It is equally possible that its metabolites 
adrenaline or noradrenaline may be involved. The possi- 
bility that the intraventricularly administered monoamines 
act on the pituitary can be excluded because monoamines 
do not inhibit the response of the pituitary to gonado- 
trophin releasing factors in vitro, nor do they significantly 
affect discharge of gonadotrophins from the pituitary when 
infused directly into the portal vessels in the pituitary stalk?. 
Body weight was unaffected by these treatments, so the 
nonspecific stress of the drugs cannot account for the 
observed effects. In fact, starving the animals beginning 
at the time of PMSG injection until autopsy, which caused 
a considerable loss of weight, failed to interfere with the 
facilitatory effect of progesterone on ovulation (group I). 

Our results provide evidence for the first time that the 
inhibitory effect of 5-HT on ovulation can be overcome 
by a catecholamine and suggest that the balance between 
these contrasting influences is crucial in ovulation. These 
findings further reinforce the theory of dual hypothalamic 
control of ovulation postulated earlier*. 

This study was supported in part by a grant from the 
Ford Foundation. 
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Lateral Interaction between Neural 
Channels sensitive to Texture Density? 


A NUMBER of well-known visual phenomena, including Mach 
Bands! and the related illusion? shown in Fig. | are inter- 
pretable as evidence of lateral interaction between adjacent 
neural channels sensitive to retinal luminance. Inhibitory 
interaction would lead to disproportionate weight being given 
to sharp discontinuities in luminance. This can be taken to 
explain why the middle panel in Fig. 1 (when viewed from 
the right distance) is seen as brighter overall than its neighbours, 
though objectively all three have the same luminance at their 
centres. The limited retinal range of the interactive process 
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Fig. 1 Lateral interaction between channels sensitive to 
luminance. This figure illustrates the well-known enhancement 
of brightness produced when a given luminous area is flanked by 
regions whose luminance profile is as shown at the foot. (Down- 
ward deflexion represents increased luminance.) The role of the 
transition regions in generating the illusion is strikingly demon- 
strated by covering them with strips of plain paper. 





Fig.2 Lateral interaction between channels sensitive to texture 
density. (a) The texture density (spatial frequency) of each 
pattern of lines is modulated in the same way as luminance was in 


Fig. |. The height of the superimposed oscilloscope trace is 

linearly related to spatial frequency (upward deflexion for 

increased frequency). Closely analogous contrast enhancement 

effects can be observed. (b) By adding a central “pedestal” to 

the controlling waveform, the éffect can be annulled and so 
quantified. 


responsible is shown by the gradual disappearance of the 
illusion as the viewing distance is increased. 

Gibson? and others have shown psychophysically that the 
gradient of density of visual texture is an important clue to 
the orientation in depth of textured surfaces. This suggests 


* “hat the visual nervous system might also have a gradient- 


enhancing process acting among elements sensitive to density of 
texture*. If so, one might expect analogous border contrast 
effects to those of Fig. 1 in «he spatial-frequency domain 
giving rise to illusory spatial frequency shif& near discon- 
tinuities of texture density. In the experiments to be described 
these expectations were confirmed. 
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panel seems coarser in texture than its neighbours, though in 
fact the central regions of all are identical. In most cases the 
strongest effect was observed when the transition region 
subtended about 1° at the eye. j 
The phenomenon of “simultaneous contrast” illustrated in 
Fig. 4 has long been taken as evidence of lateral inhibition 
between luminance-sensitive channels. Left and right halves 
of the central test strip, identical in luminance, look different 
3 in brightness. Analogous test patterns were therefore prepared 
Fig. 3 A static visual noise field with similar variations in in which contrasting densities of texture were juxtaposed. 
texture density to those in Fig. 2a. Inspection of Fig. 5 shows that (a) enhancement of texture 
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Fig. 4 Simultaneous contrast of brightness. A thin black line 

bisecting the test strip enhances the effect. If the line is moved 

transversely to and fro it seems to draw the light/dark boundary 
with it. 


For ease of adjustment the first stimulus used consisted of a 
frequency modulated grating (Fig. 2a) on the screen of a cath- 
ode ray tube. X-Deflexion was provided by a normal time- 
base generator at 50 Hz. A 100 kHz triangular waveform 
provided Y-deflexion. Trace brightness was modulated by a 
periodic trapezoidal waveform whose frequency was varied 
electronically with X-coordinate according to the profile shown 
at the foot of Fig. 2a. This arrangement avoided any change 
in mean luminance with spatial frequency, which might 
otherwise have produced confusing side effects. 

The resulting pattern in Fig. 2a produces the expected illusion 
of spatial frequency shift, the central panel appearing 5-10% 
lower in spatial frequency than its neighbours. To quantify this 
effect, the difference between resting levels of the modulating 
waveform was made adjustable by a smooth knob, which the 
subject was asked to turn until the line densities at the centres 
of all three panels looked the same. A typical stimulus 
approximately adjusted for perceived equality is shown in 
Fig. 2b, with its actual density profile at the foot for com- 
parison. As with Fig. 1, the strength of the illusion can be 
seen to depend on the visual angle subtended by the transition 
regions. With the profiles shown, a subtense of about 0.5° ° 
per region seems optimal. Interestingly, the effect is less when 
the figure is turned through a right angle. 

To test the generality of this effect, a random dot field with 
roughly similar gradations of texture density was constructed e 
from a series of strips printed at different magnifications (Fig. - c : y 
3). This gives, only a crude stepwise approximation to the Fig. 5 Simultaneous contrast of density of texture. Moving a 
texture density profile of Fig. 2a; but for most observers it dividing line over the test strip has analogous effects in each 
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contrast does occur, and obeys laws closely analogous to those 
of brightness contrast; and (b) such phenomena are not 
peculiar to stimuli with well-defined spatially periodic and 
oriented components. In both cases, the contrast seen is 
enhanced if a thin black dividing line (such as a piece of wire) 
is placed along the vertical mid-line of the figure. If the line 
is moved to and fro it "draws" the area of magnified or 
minified texture density with it. 

The contrast can be further enhanced by moving the whole 
figure up and down while the eye is held stationary. This 
suggests that the neural channels involved (like many feature- 
sensitive units already identified physiologically) are more 
responsive to moving than to stationary retinal images. 

If the central “test strip" of one of these figures is presented 
to one eye and the remainder to the other, it is possible with 
practice to combine the images dichoptically. No significant 
contrast effect is then observed. This suggests that the abstrac- 
tion of texture density takes place at a relatively early stage in 
the neural processing of retinal signals, and that the lateral 
inhibitory mechanisms presumably responsible for these con- 
trast enhancements are located mainly in the uniocular systems 
before binocular fusion. 

In summary, it seems from these experiments that the visual 
system may have channels that signal local density of texture, 
and interact to enhance local gradients of texture density, in 
ways somewhat analogous to the channels that are sensitive 
to retinal illumination and its gradients. Such "texture" 
channels would not require to be *space-frequency tuned” like 
those postulated by Campbell and Robson*. They might, 
however, play a part in the “binocular perception of depth 
without geometrical cues" described recently by Fiorentini 
and Maffei^, who found that changes in contrast in one eye 
could produce similar effects to changes in spatial periodicity. 
This, like the effects described here, would be readily under- 
standable if the channels concerned respond monotonically 
to density of texture elements over a certain range. Some 
geniculate cells recently discovered" seem to have properties 
of this general kind. 

I thank MRC and SRC for support. 

D. M. MacKay 
Research Department of Communication, 
University of Keele, 
Staffordshire ST5 5BG 


Received June 1; revised August 9, 1973. 


x gu F., Mach Bands (Holden-Day, San Fraacisco, California, 
). 
a O'Brien, V., J. opt. Soc. Am., 48, 112 (1958). 
? Gibson, J. J., The Perception of the Visual World (Houghton, 
Boston, Mass., 1950). 
* MacKay, D. M,, J. gen. Psychol., 72, 181 (1965). 
3 n F. W., and Robson, J. G., J. Physiol. Lond., 197, 551 
X Fiorentini, Adriana, and Maffei, L., Vision Res., 11, 1299 (1971). 
Levick, W. R., Cleland, B. G., and Dubin, M. W., /nvest. Ophthal- 
mol., 11, 302 (1972). 


E 


Transcellular Strands of Cytoplasm 
in Sieve Tubes of Squash 


THE mechanism of long-distance phloem translocation is the 
subject of several hypotheses based on different concepts of 


structure and function in sieve tubes'. One of us (R. T.)*-* has, 


proposed that transcellular strands of cytoplasm, continuous 
from one sieve element to the next through the sieve pores, 
provide a basis for the development of the physical force 
required for movement and pathways for translocation. 
The hypothetical model of a transcellular strand* consists of 
closely packed filaments of phloem filament (PF)-protein 
which form a tubular boundary enclosing cytoplasmic particles 
and a substructure of one or more tubules parallel with the 
outer boundary and formed from endoplasmic membranes. The 


Fig. 1 A longitudinal section (18 um thick) of a sieve tube 

viewed in the Nomarski microscope and showing parallel strands 

of cytoplasm, one of which (4+) is easily followed through the 
sieve pore. The bar represents 10 jum. 


number of tubules in each strand depends on the diameter of 
the sieve pores filled by a single strand. Should a conformational 
change’ occur in the outer boundary and cause a constriction 
which travelled as a wave in response to the propagation of 
electrical impulses of regular periodicity, this peristaltic pump- 
ing action could impel solution through the enclosed sub- 
tubules. 

Aikman and Anderson's theoretical analysis? shows that the 
capacity and energy requirements of the strand system are 
consistent with measurements obtained from physiological 
experiments, but recent reviews!:*-!° question the evidence of 
transcellular strands in sieve elements and a number of research 
workers'! ^? are convinced these structures do not exist. Their 
main criticisms are that evidence in favour of transcellular 
strands is sparse and is largely from light micrographs of fresh 
hand sections and that electron microscopy of the sieve ele- 
ments has failed to provide evidence of highly organized 
transcellular strands. Lee ef a/.** did not see transcellular strands 
when they used the differential diffraction microscope 
(Nomarski) to observe sieve tubes of Heracleum mantegazzia- 
num Which were in narrow bands displaced from surrounding 


* tissues with both ends attached to a petiole. In a study of 


freeze-etched sieve tubes Johnson?’ reports transcellular 
strands. He presents evidence of parallel groups of filaments at 
sieve pores and in the lumina «of sieve elements, but contrary 
to the model described above he found no membranes. 

Here observations of transcellular strands, obtained from 
cryostat sections in transmitted light*®.**, are extended using the 
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Fig. 2 a, An electron micrograph from a transverse section of a 
sieve plate in which pores have a tubular lining of densely 
sinined material. The bar represents 2 um. b, An electron micro- 

ph from a longitudinal section showing a strand extending 
fon a sieve pore (SP) into the sieve element. W, Sieve tube wall. 
Black arrow, plasmalemma; White arrow, a group of parallel 
structures which can be followed from the constricted end of 

the broken strand (see text). The bar represents 2 jim. 


Nomarski microscope (Fig. 1). For the electron microscopy, 
a new method of fixation and dehydration was developed. A 
panel was cut in a stem internode of Cucurbita pepo cultivar 
Golden Hubbard, and the inner phloem and xylem of one 
vascular bundle were stripped away so that the outer phloem 
(about 1.0: 1.5 mm in cross section, 40 mm long) could be 
separated from most surrounding cortex without moving the 
strip from the position it occupied in the plant. The free phloem 
and surrounding stem tissue, still attached to the otherwise 
intact plant, were then plunged into ‘Freon 12’ pre-cooled 
with liquid N., and frozen pieces of phloem were placed in a 
freeze drier at —100° C. The temperature of the tissue rose to 
—70° C after 135 min and to —60° C during the next 120 min. 
Air was admitted to the drying chamber and the specimens 
were transferred into 2% OsO, at 5° C, dehydrated in 90% 
and 1007; ethanol and embedded by standard epoxy procedure 
(Fig. 2). 

Figure 1 is a cryostat section showing a sieve plate and a 
sectional view of one sieve pore. Below the plate seven strands 
seem to be displaced toward the sieve tube wall. Above, at 
least ten strands are orientated with the long axis of the sieve 
tube and, near the sieve plate, are uniformly distributed across 
the cell lumen. With one exception, the strands are much 
narrower than the width of the pore. This we interpret as 
being due to their collapse and loss of contents during prepara- 
tion. The exceptional strand does not reveal any contents but 
at its widest is the same width as the pore. Both boundaries of 
this strand can be easily followed through the sieve pore. 

Figure 2a is an electron micrograph of a transverse section 
through three sieve pores. Three distinct layers may be seen to 
follow the contours of the pores. The first is an integral part of 
the sieve plate, the second is a narrow band of callose and the 
third is a heavily stained ring of material surrounding a com- 
paratively empty space. 

Figure 2b is an electron micrograph of a longitudinal section 
showing a strand with a discrete boundary and cytoplasmic 


contents on one side of a plate extending from a sieve pore into 


the lumen of the sieve tube. The three layers at the sieve pore 
can again be recognized. The heavily stained ring of Fig. 2a 
corresponds to the heavily stained constriction at the broken end 
of the strand within the pore. In the strand extension into the 
lumen two spherical organelles similar to small (0.6 um) 
mitochondria occur, and nearby a group of parallel structures 
(white arrow) can be followed from the constricted end of the 
broken strand and seems embedded in a mass of fine granules. 
Across the broken end there are more than ten indistinct holes 
with similar elliptical profiles (diameter about 90 nm). The 





linear structures in the lower half of the strand give an im-* e 


pression of straight-sided subtubules and may be partially 
degraded endoplasmic membranes.  * 

On the right side of the strand the boundary separating 
the contents frem the surrounding fibrillar material consists 
of a lightly stained band about 100 nm wide between two 
uniformly spaced lines with diameters of 25 nm which are much 
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wider than the plasmalemma (black arrow) but are similar in 
their staining properties. This highly organized boundary is 
best preserved near the sieve pore and is quite distinct from the 
plasmalemma which, in the absence of callose, lies against the 
surface of the sieve plate and the walls of the pores. Away from 
the pores, the dark double line, and the material between, 
spreads out into a much wider band of parallel filaments. 

In agreement with the report of Jarvis ef al.®, strands in 
Fig. 1 occur on both sides of the sieve plate and one of them is 
easily followed through a pore. This eliminates the possibility 
that strands might be formed by extrusion through sieve pores, 
for one would then expect a build-up of material on one side 
of the plate and strands on the other. The displacement of 
strands in Fig. 1 toward the sieve tube wall was possibly due to a 
lateral flow when phloem pressure was released by freezing. 
A lateral flow could not contribute to formation of the longi- 
tudinally orientated structures which we interpret as the 
damaged remains of strands that existed im vivo. In some 
preparations strands similar to those shown in Fig. 1 occurred 
in 80% of sieve elements. Cryostat sections gave the same 
results when mounted in a biochemical buffer containing a 
protein-reducing agent** or in buffered glutaraldehyde. There 
seems little reason therefore to suppose that strands are pro- 
duced by reactions between sieve tube contents and chemical 
fixatives during thawing of the frozen sections. 

It can be argued that strands are an artefact produced during 
dissection or freezing**. ThiS possibility was considered in 
relation to different speeds of freezing™ but our results cannot 
be explained in this way because in cross section our strands 
repeatedly have a tubular profile which lines the sieve pores 
(Fig. 2a and unpublished results) and aggregations of PF- 
protein due to dissection or freezing would be undifferentiated 
and closely packed even if all lateral branching resulting from 
ice crystal formation were avoided. Further evidence of strands 
with straight-sided filamentous boundaries surrounding empty 
spaces of about the same diameter as the open space within a 
pore will be published later. 

Figure 2b presents electron microscopic evidence of cyto- 
plasmic constituents within a strand which we find convincing. 
Although this fragment of a strand was preserved at a pore, it 
seems that in less than 1 s during freezing, strands on the other 
side of the sieve plate were destroyed. This demonstration of the 
highly fragile nature of the strands explains why they are not 
found following the standard methods of chemical fixation in 
electron microscopy. 

The hypothejical model* is supported by evidence that 
parallel elements within the strand (Fig. 25) seem to be derived 
from tubules formed from endoplasmic membrane. This result 
is consistent with Behnke’s** discovery of endoplasmic tubular 
elements in sieve pores. The proposal that periodic constric- 
tions in the outer boundary of a strand could induce a flow 
through the inner tubules becomes more credible with the 
evidence that the strand boundary seems to consist of protein 
filaments sandwiched between two membrane-like structures. 
The propagation of action potentials along membranes de- 
pends on the rapid depolarization of electrochemical 
potentials*^, which in sieve tubes could arise across membranes 
at the strand boundaries. 

We thank Mrs H. I. M. Sarisalo and Miss A. M. Gooderham 
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Experimental Station for EM facilities. 
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An Anti-Inflammatory Peptide 
from Bee Venom 


THE belief that the venom of the common honey bee, Apis 
mellifira, 1s beneficial 1n certain arthritic and rheumatoid 
conditions goes back to antiquity’. In a study of phospholi- 
pase-A?? we have fractionated nearly 1 kg of freeze-dried bee 
venom and tested all the fractions for anti-inflammatory 
activity. Preliminary experiments showed activity to be asso- 
ciated with the basic peptide fraction The peptides were 
separated using ‘Sephadex’ G25 and G50 followed by 10n- 
exchange chromatography using either CM ‘Sephadex’ C25 
(pH 4 7) or SE ‘Sephadex’ C25 (pH 42) 

Activity was assessed using the rat paw oedema test*5 and 
was found to be associated only with a peptide we called 
peptide 401. The dose response curve obtained ıs shown in 
Fig. 1 together with that obtained for hydrocortisone It can 
be seen that peptide 401 1s, 1n this test, about a hundred times 
more active than hydrocortisone. 

Sequence determination showed that peptide 401 is 1dentical 
to a peptide isolated by Breithaupt and Habermann? and found 
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Fig.1 Influence of peptide 401 (O) and hydrocortisone (6) on 
carrageenin induced oedema of the rat hind paw. Peptide 401 
or hydrocortisone (‘Solucortef’, Upjohn), dissolved in physio- 
logical saline, was injected subcutaneously (1 ml per rat) into 
groups of five rats (G Wistar, Guy's Hospital strain) at the time 
of injection into the right hind paw of 0.1 ml of saline containing 
1 mg of carrageenm (Marne Colloids Inc) The increase in 
volume of the paw 5 h after injection of carrageenin when 
compared with the uninjected paw volume 1s a measure of in- 
flammation Comparison of the swelling in control groups given 
saline with those treated with peptide 401 or hydrocortisone gives 
a measure of anti-inflammatory activity, expressed here as % 
inbibition of inflammation (paw volume increase) 
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Fig.2 Inhibition of plasma protein accumulation in turpentine 
oedema Groups of five rats (8, Wistar strain, histocompatible) 
received intravenous injection of 0.05 ml of 1?5]- labelled rat serum 
albumin (~10 Ci mg-!, 25 mg ml-?) by the sublingual vein 
under light ether anaesthesia, and intra-articular injection. of 
0 01 ml of turpentine into the synovial cavity of the right knee 
Joint Anti-inflammatory agents were administered by intra- 
peritoneal or subcutaneous injection either at the time of, or 3 h 
before (steroids), turpentine and 1sotope injections. The animals 
were killed after 4 h, 1 ml samples of blood collected by cardiac 
puncture and the entire knee Joint region of each hind limb 
removed by a wad punch (diameter 23 mm) The samples were 
counted in an automatic y-spectrometer Division of the specimen 
counts by ihe corresponding blood count gave their albumin 
content in tegns of equivalent blood volumes. Subtraction of the 
albumin content of the left (uninjected) knee joint from that 
of the right (injected) knee Joint gave the extravascular plasma 
protein accumulation which is a measure of the inflammation. 
The reduction by anti-inflammatory agents 1s expressed as a 
% inhibition, The non-steroidal anti-inflammatory drugs used 
were. a, mepyramine maleate, 5 mg kg-*; b, mdomethacin, 
5 mg kg-!; c, phenylbutazone, 50 mg kg-!; d, sodium salicylate, 
500 mg kg-! and, e, peptide 401, 2 mg kg- Steroidal anti- 
inflammatory drugs used were: f, ACTH, 1 U kg-, e, dexa- 
methasone, 25 ug kg^, and the mast cell degranulating agents; 
A, melittin, 2 mg kg-? and, ;, 48/80, 2 mg kg-? 
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by them to have powerful mast cell degranulating activity. It 
contains twenty-two residues"? and the primary sequence 1s’ 


Ile Lys 3Cys Asn.1Cys Lys Arg His. Val Ile Lys 


3 5 
Pro His.Ile 4Cys.Arg.Lys Ile 4Cys Gly Lys Asn-NH, 
15 19 


Essentially, by using tryptic hydrolysis combined with a 
single Edman degradation step followed by isolation and 
identification of the resulting peptides, we have shown that two 
disulphide bridges connect positions 3 to 15 and 5 to 19 
respectively 

Anti-inflammatory activity was lost after treatment with 
trypsin and also after reduction of the disulphide bridges 
followed by carboxymethylation The reduced peptide which 
had not been carboxymethylated was, however, still active, 
probably because of spontaneous reoxidation i vivo. With 
adrenalectomized animals the observed reduction in oedema 
remained virtually unaltered The anti-inflammatory activity 
of peptide 401 1s, therefore, presumably not mediated by the 
release of endogenous steroids or catecholamines 

We have also used increase ın vascular permeability as a 
measure of inflammation?. Animals were injected with Evans 
blue dye and '?-albumin and inflammation was induced 
either by subplantar injection of carrageenin or intra-articular 
injection of turpentine A comparison of the effects of peptide 
401 with those produced by other substances of interest 1s 
shown in Fig 2 While the data are not sufficiently extensive to 
make reliable quantitative comparisons of activity, ıt 1s clear 
that peptide 401 1s, particularly on a molar basis, a very 
powerful antt-inflammatory agent 

Peptide 401 degranulates mast cells? and as, 1n the rat, this 
involves the release of histamine and 5-hydroxytryptamine, the 
peptide itself should possess' inflammatory, activity Jt is 
possible, therefore, that its anti-inflammatory activity 1s a 
consequence of this. It was found that peptide 401 does indeed 
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Fig 3 Effect of peptide 401 on developing and established 
rat adjuvant-induced arthritis. Adjuvant arthritis was 1nduced 
im groups of seven rats (@ Wistar, Guy's Hospital strain) by the 
injection into the right hind paw of 0 5 mg heat killed Myco- 
bacterium. tuberculosis (Central Veterinary Lab, Weybridge) 
finely dispersed in 01 ml liquid paraffin The resulting 1nflam- 
matory response was biphasic and was measured as the increase 
in volume of the hind paws An initial reaction occurred in the 
injected hind paw which reached a peak on day 4 This was 
followed from 8 d onward by a second swelling 1a the injected 
hind paw and was accompanied by swellings in the contra- 
lateral uninjected hind paw, the fore paws, tail, ears and nose 
The swelling which occurred 1n both hund paws 1s shown here 
for rats treated subcutaneously (1 ml/rat/d) with either peptide 
401 (4 mg kg~! in saline) or saline alone (as control) both in, 
a, developing arthritis (treatment from day of injection of adju- 
vant until day 18) and in, b, established arthritis (treatment 
from day 14 to day 26 after adjuvant injection) Anti-inflamma- 
tory activity 1s seen as a failure to swell (developing arthritis) 
or a decrease in paw volume (established arthritis) O—O, 
Injected hind paw, saline control, O—0, uninjected hind paw, 
saline control, € @, injected hind paw, peptide 401 treated, 
Bi, uninjected hind paw, peptide 401 treated 


possess inflammatory activity Intradermal injection ın the 
dose range 1 to 1,000 ng produced increased vascular perme- 
ability, indicated by extravasation of !?Ialbumin The effect 
could be totally abolished by pretreatment with mepyramine 
(25 mg kg-?) and methysergide (2 5 mg kg-?) 

However, when injected subcutaneously at a dose of | mg 
kg-!, peptide 401 prevented the blue dye permeability produced 
by intradermal injection of bradykinin (0 2 ug), prostaglandin E, 
(5 ug), serum kallikrein (100 pg), histamine (0 3 ug), 5-hydroxy- 
tryptamine (01 ug) or compound 48/80 (0025 ug) providing 
that injection of the peptide was given about 1 h before the 
intradermal injectton!? The delay is required because of slow 
absorption from the site of injection Intravenous injection of 
much smaller doses (200 ug kg 7?) immediately before intrader- 
mal injection of bradykinin, histamine or 5-hydroxytrypta- 
mine, prevented blue dye extravasation in each case Further- 
more, pretreatment of rats with mepyramine (25 mg kg-?) 
and methysergide (2 5 mg kg-?), which inhibit the action of 
histamine and 5-hydroxytryptamine, fully suppressed the skin 
reactions to these two substances They did not, however, 
markedly affect the ability of peptide 401 to reduce the inflam- 
matory effects, as judged by the extravasation of }*5J-albumin 
produced by intradermal injection of bradykinin, intra- 
articular turpentine or subplantar carrageenin 

Melitin also possesses mast-cell degranulating activity but 
was found to be devoid of anti-inflammatory activity in both 
the skin tests and the turpentine oedema test Similarly, com- 
pound 48/80 which 1s known to be a highly potent mast cell 
degranulating agent, did not suppress the inflammatory 
response to intradermal histamine, 5-hydroxytryptamine or 
bradykinin even at high doses, although ıt showed weak anti- 
inflammatory activity in the carrageenin oedema test 

We conclude, therefore, that the anti-inflammatory activity 

of peptide 401 ıs not a result of its ability to lyse mast cells and 
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that the two effects reflect distinct pharmacological properties 
Results consistent with this conclusion have been obtained 
(L Bitensky, and J Chayen, unpublished) using a new anti- 
inflammatory test???, utilizing human skin, maintained in 
non-proliferative culture, treated with histamine (1077 M) The 
anti-inflammatory activity of a given compound ıs then 
assessed by its ability to protect lysosomal membranes from 
damage produced bv the histamine Peptide 401 was found to 
be twice as potent (w/w) 1n this test as salicylate 

We have also tested peptide 401 1n adjuvant arthritis in rats 
as it ıs thought that activity in this test correlates well with 
efficacy in treating human rheumatoid arthritis? The results 
are summarized in Fig 3 The inflammation associated with 
both the primary and secondary lesions in the established 
disease was considerably reduced by the treatment with 
peptide 401 The effects of starting the treatment at the same 
time as the adjuvant injection are much more dramatic, how- 
ever, as the disease usually failed to develop 

It ıs of interest to ask whether peptide 401 could be respons- 
tble for the alleged curative properties of bee venom The 
venom contains only small amounts of peptide 401 but much 
larger amounts of phospholipase-A and the peptides melitin 
and apamin, all of which are highly toxic4~!’, and ıt does not 
seem very suitable as a therapeutic agent Any beneficial effect 
would most likely arise from release of natural corticosteroids 
and there is some evidence ın the literature that this occurs?? 
Nevertheless, the venom, long thought to possess anti-inflam- 
matory properties, does contain a powerful anti-inflammatory 
agent the effect of which in man 3s still unknown 

We thank the National Research and Development Cor- 
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for a gift of bee venom 

M E J BiLLINGHAM* 
Department of Pharmacology, 
Guy's Hospital Medical School, London SEI 
J MOoRLEY 

Kennedy Institute of Rheumatology, 
Bute Gardens, Hammersmith, London W6 


JENNIFER M HANSONT 

R A SHIPOLINI 

C A VERNONÍ 
Christopher Ingold Laboratories, Department of Chemistry, 
University College, London, 20 Gordon Street, London WC\ 


Received May 14, revised June 25, 1973 


* Present address Pharmaceuticals Division, ICI, Alderley Edge, 
Cheshire e. 

T Present address The Kennedy Institute of Rheumatology 

Í To whom reprint requests should be sent 


! Beck, B , Bee Venom Therapy (Appleton-Century, New York, 1935) 
? Shipolim, R A, Callewaert, G L, Cottrell, R C, Doonan, S, 
and Vernon, C A, Eur J Biochem , 20, 459 (1971) 
3? Shipolin, R A, Callewaert, G L, Cottrell, R C, and Vernon, 
C A, FEBS Lett , 1, 39 (1971) 
* Winter, C A, Risley, E A, and Nuss, G W , Proc Soc expl 
Biol Med , 111, 544 (1962) 
5 Billingham, M E J, Robinson, B V , and Robson, J M, Br J 
Pharmac , 35, 543 (1969) 
* Breithaupt, H , and Habermann, E , Aich expl Path Pharmak , 
261, 252 (1968) 
* Von-Haux, P , Hoppe-Seyler's Z physiol Chem , 350, 536 (1969) 
8 Vernon, C A, Hanson, Jennifer M , and Brimblecombe, R W, 
British Patent No 1314823 (1969) 
® Garlick, D G, Aust J expl Biol med Sci, 43, 671 (1965) 
1? Hanson, Jennifer M , Morley, J, and Soria, C, Br J Pharmac, 
46, 537 (1972) 
u Chayen, J, Bitensky, L, Butcher, R G, Poulter, L, W, and 
Ubhi, G S, Br J Derm, 82, Supplement 6, 62 (1970) 
1 Mr. » Bitensky, L , and Ubhi, G S , Beitr path Anat , 147, 
13 Newbould, B B, Br J Pharmac , 21, 127 (1963) 
14 Habermann, E , and Reiz, K G , Biochem Z , 343, 192 (1965) 
15 Habermann, E , and Jentsch, J , Hoppe-Seyler's Z physiol Chem , 
348, 37 (1967) 
16 Habermann, E , Ergebn Physiol , 60, 220 (1968) 
1 Habermann, E , Recent Advances in the Pharmacology of Toxins, 53 
(Pergamon Press, London, 1963) 
48 k U A M, and Pitchler, O, Med Clns N Am , 55, 2015 


“~w 


\ 


NATURE VOL 245 SEPTEMBER 21 1973 


BOOK REVIEWS 


165 





Renaissance Science 


Science, Medicine and Society in the 
Renaissance Essays to honow Walter 
Pagel Edited by Allen G Debus 
Volume 1 Pp 275 Volume 2 Pp 
326 (Heinemann London, May 1973) 
£12 the set 

DR WALTER PAGEL 1s, without doubt, 
the most outstanding historian of medi- 
cine in Britan today In order to 
honour him on his seventy-fifth birth- 
day, friends and colleagues have 
gathered together a Festschiift under 
the editorship of one of his pupils, Dr 
Allen G Debus, who is Professor of 
the History of Science in the University 
of Chicago That a historian of science 
should take on this task 1s altogether 
appropriate, because Dr Pagel's work 1s 
as important for the field of the history 
of science as it ıs for the history of 
medicine 

Dr Pagel’s father was the renowned 
German historian of medicine, Professor 
Julius Pagel of the University of Berlin, 
from whom he inherited his brilliance 
and love of history After the rigorous 
German Aumanistische Gymnasium 
education he studied medicine and 
graduated in 1922 Hereafter, his life 
was divided between Germany and 
England, for he and his family came to 
this country 1n 1933, and between patho- 
logy and the history of medicine It 
is remarkable that one man should 
achieve such distinction in two fields of 
medicine, for Dr Pagel’s writings on 
pulmonary tuberculosis are as important 
as those on the history of medicine In 
fact, he 1s often mistaken for two indi- 
viduals, pathologist and historian! 

The approach adopted by Dr Pagel to 
medical history has always been that of 
the scrupulous, dedicated scholar who 
wishes “ to interpret the facts of 
medical and scientific history ‘as the 
outward expression of their time’ K 
(Volume 1, page 7) Although his 
training and background have been in 
the Germanic tradition of pure history 
of medicine with few links with history 
or history of science, his published work, 
which comprises some four hundred 
and fifty items, together with his 
methodology, have influenced historians 
of science and of the Renaissance His 
main interests have been in the sixteenth 
and seventeenth centuries, involving 
some of the most complex individuals 
and developments in the whole field of 
medical history Thus his evaluations 
of Paracelsus (1493-1541) and Jean 


Baptiste van Helmont (1577-1644), men 
who are as important to the history of 
science as to the history of medicine, 
have been classic and, fortunately for 
us, they are still appearing The remark- 
able series of papers on William Harvey 
(1578-1657) and the recent book on his 
biological ideas testify to Pagel’s 
astonishingly deep understanding of 
sixteenth and seventeenth century 
science, medicine, religion, philosophy, 
mysticism, education and many other 
aspects of culture in general Nor have 
his interests been restricted to this 
period, for he has written on eighteenth 
and nineteenth century medicine too 

It 1s therefore fitting that the contents 
of these commemorative volumes shoifld 
reflect all these facts, Dr Pagel's his- 
torical approach, scholarly methodo- 
logy, and his chief interests There are 
no less than thirty-eight papers from six 
countries and apparently these numbers 
could have been larger and the spectrum 
of topics wider, although still within his 
sphere of interest, had 1t proved possible 
to include papers from all who wislíed 
to contribute Each essay is brief, 
scholarly, well written, and documented 
impeccably , the writers have made sure 
that the style and content of their com- 
positions mirror Dr Pagel’s rigorous 
standards They cover a variety of sub- 
jects in both the history of medicine and 
science but they can mostly be grouped 
into those dealing with special aspects 
of fhe Renaissance and of the 17th 
century, with Paracelsus, the Paracel- 
sians, or chemical medicine, and with 
Harvey or the circulation of the blood 
The volumes, therefore, cover a wider 
period of time than the title would 
suggest There 1s a biographical intro- 
duction by Professor Debus, a biblio- 
graphy of Dr Pagel’s writings, a brief 
account of each contributor, but no 
index Naturally enough this book will 
be of wide appeal, for historians of 
science, of the Renaissance, of the 17th 
century, as well as of the history of 
medicine will find in it several items of 
value to their own studies 

On the whole, the Festschrift tends to 
be very uneven 1n content and style, and 
although important*papers are to be 
found in them, often there are many of 
small importance — Tlus example, how- 
ever, ıs an exception, and the editor to- 
gether with his congibutors are to be 
congratulated on their inspired efforts 
expended in producing not only a lasting 
record of their regard and affection for 
Dr Pagel but a monument of scholarship 


dedicated to * a very kind and 
gentle man and to a magnificent 
scholar", as Dr Debus appropriately 
styles him (Volume 1, page 8) 

EDWIN CLARKE 


Inorganic Biology 


The Inorganic Chemistiy of Biological 
Processes By M N Hughes Pp 304 
(Wiley New York and London, 
December 1972) £450 


THE recognition that metal ions play a 
very important role in biological 
systems has been a great stimulus to 
inorganic chemists It has provided 
Scope for speculation generally safe 
from too rigorous testing against real 
systems, and for the preparation of 
model systems based upon whatever 
aspects of a given biological system 
seem (subjectively) important to the 
researcher It has also spawned a 
variety of interdisciplinary activities, 
some of which achieve identity through 
being named, and “biological inorganic 
chemistry" ıs one such 

This book aims to be an introduction 
to biological inorganic chemistry for 
teachers and advanced students In 
about 300 pages of text it attempts to 
give a background to modern transition 
metal complex chemistry, to review the 
techniques of studying metalloproteins, 
and to describe the main enzymic func- 
tions in which inorganic 10ns appear 
important hydrolytic metallo- and 
metal-activated enzymes, redox systems, 
nitrogen fixation and oxygen carriers 
The book closes with two shorter chap- 
ters on alkali and alkaline earth ions 
in biological systems, and the use of 
metal ions and chelating agents in 
medicine 

'The author has set himself an 
immense task The amount of conden- 
sation and compression needed to 
achieve it requires writing of a very high 
standard, and it cannot be claimed that 
he has consistently reached ıt Indeed, 
the almost inevitable result is a degree 
of compression and generalization which 
makes many of his statements of little 
value to students and comprehensible 
only to those already familiar with the 
material Thus (page 17) “the presence 
of calcium ions results 1n"the activation 
of certain enzymes and hence muscle 
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contraction", or (page 24) Cu(II) 1s a 
transition metal 10n, whereas Cu(I) is 
not, or (page 35) “the spin-orbit 
coupling is very important in determin- 
ing the detailed magnetic properties of 
many transition metal ions”, or (page 49) 
“For inorganic complexes g-values are 
higher than 2 The anisotropy of the 
g-value can give much information" , 
and “The position of the Etr resonance 
gives the field at which it occurs” 
There are also occasional errors, the 
most glaring from the point of view of 
a chemist being the implication that the 
d-orbitals of a metal in a tetrahedral 
complex are split into t, and e, sets 

This selection of examples 1s taken 
from the first section of the book, which 
manifestly cannot be recommended 
The subsequent discussion of metallo- 
enzymes, though sometimes stodgy, 
provides much useful information to the 
judicious reader There are more than 
500 references, and some indication of 
those which are more appropriate to 
students would have been useful I 
doubt whether biological inorganic 
chemistry 1s yet a discipline in its own 
right and a satisfactory textbook has 
yet to be written This volume is not 
more than a brave attempt. 

G J LEIGH 


Neural Biology 


Nervous Systems By Peter N R 
Usherwood Pp v+122 (Edward 
Arnold. London, April 1973) £280 
boards , £1 40 paper 


THE author’s choice of contents for 
this book reveals how he reflects our 
times by presenting a standard account 
of the electrochemistry of the nerve 
impulse with a fairly detailed account 
of conduction and synaptic transmis- 
sion but with a hotch-potch of physio- 
logical examples and anatomy to try to 
illustrate how nervous systems actually 
work To be given the nerve impulse 
in such detail 1s bound to be puzzling 
to students when the whole point about 
the nervous system is the way in which 
the elements interact with each other 
A fault 1s that the anatomy in this book 
1s mainly the gross external shapes of 
ganglia lack of space 1s no excuse, for 
most of the illustrations could have been 
drawn as composite pictures and to fit 
the page width A whole page to show 
the position of a frog's tympanum 1s 
only one of eleven illustrations on hear- 
ing in a book that is pinched ın other 
ways Numerous examples, as in much 
scientific work, show that the author 
received inadequate critical comment 
on the manuscript It ıs misleading .to 
suggest, for example, that synapses 
resemble the remarkable scanning elec- 
tron microscope picture of a molluscan 
ganglion which so far as I know never 


proved repeatable Other minor errors 
of judgment are easily overlooked, for 
example, that the mnemon ıs an ele- 
mentary memory unit of the octopus 
optic lobe ıt is an idea relevant to 
many learning studies but, for some 
strange reason, in favour mainly with 
a few who study molluscs To be non- 
critical in a section on RNA in a 
chapter on memory could again be mis- 
leading at this level, and to accept axon 
flow in addition to axoplasmic flow 
could be contentious 

The main teaching problem in this 
subject at present is to promote under- 
standing of neurone interactions as 
causes of perception, of movement con- 
trol and so on This book shows some- 
thing of the structure of the nervous 
system at gross and at electron 
microscope level, but little about its 
essential nature as a communicating 
system It certainly does not convey 
how behaviour has its basis in the 
choice of which neurones are active 
It illustrates sense organs and their 
action but not pattern abstraction ıt 
details the processes at synapses but 
fails to follow up with the marvels of 
integration that are explained by the 
synaptic mechanism 

The mechanism of origin and the 
importance of the frequency code seem 
to have been forgotten, but a great 
compensatory feature is that the book 
is written with enthusiasm Finally, an 
essay topic for extreme optimists 1s the 
final suggestion of the book, that may- 
be we shall even know all there is to 
know about that enigmatic structure the 
human brain 

G ADRIAN HORRIDGE 


Organic Chemistry ' 


Organic Reaction Mechanisms, 1971 
Edited by B Capon and C W Rees 
(An Annual Survey Covering the Lit- 
erature dated December 1970 through 
to November 1971) Pp x+648 (Wiley 
Interscience London and New York, 
December 1972) £16 


THIS 1s the seventh in a series reviewing 
annual progress in the study of mechan- 
isms in organic chemistry The field is 
covered in fourteen chapters written by 
thirteen authors and 1s interpreted in a 
fairly broad manner, with a chapter on 
photochemistry, and extensive refer- 
ences to enzymic catalysis, to organo- 
metallic systems, amd to structural in- 
formation on species related to reaction 
intermediates he aims of the book 
are thus similar to those of the Specialist 
Periodical Reports of the Chemical 
Society, which does not have a title in 
this area at present, presumably be- 
cause of the success of the Capon and 
Rees series ' 
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Comprehensive literature coverage 1s 
claimed (almost 5,000 papers were 
scanned for this volume) and the authors 
provide brief exposition and comment 
on the papers they consider interesting 
and important The value of a book 
like this depends on two things (a) the 
quality of the exposition and comment 
on individual papers and (b) the order- 
ing and juxtaposition of material to 
bring out relationships between differ- 
ent pieces of work On the first count 
this volume seems to be excellent I 
can find very few examples where the 
main import of a paper has been missed 
On the second count the degree of over- 
lap and of cross referencing seems to 
me to be about right in general The 
chapters divide the subject up in a 
sunple and natural way, though there 
1s perhaps a little more overlap between 
the first two chapters on "Carbonium 
Ions” and on “Nucleophilic Aliphatic 
Substitution” than 1s necessary In one 
or two places the organization is be- 
ginning to show signs of age in preserv- 
ing emphasis on matters which were of 
great interest ın 1965 but have perhaps 
faded out now The cumulative index 
1s a very valuable feature 

In all, a good volume in an established 
series, the price is, of course, set for 
library purchase only 

R W ALDER 


Chemistry of Surfaces 


Surface Chemistry and Colloids Edited 
by M Kerker Consultant editor, 
A D Buckingham (MTP Inter- 
national Review of Science) Pp 306 
(Butterworth London, Umversity 
Park Baltimore, 1972) £10, $24 50 


Tur book is volume 7 of the series 
(Series One) on physical chemistry, 
which in all comprises thirteen volumes 
plus an index volume Similar series 
on inorganic chemistry and organic 
chemistry are either now available or 
in preparation All are reviews and 
deal with the period 1967-1971, the 
whole venture 1s to be repeated in 1974 
Thus there is considerable similarity in 
aim with Annual Reports of the Chemi- 
cal Soctety 

This volume contains eight chapters 
of varying length, contributed by 
authors from all parts of the world, and 
covering broadly both surface chemistry 
and colloids Short chapters on “In- 
soluble Monolayers” (by G L Gaines) 
on “Recent Advances in the Study of 
Solid Surfaces” (by W P Ellis) and 
on “Chemisorption on Tungsten Crystal 
Planes” (by H Wise) occur, but much 
longer contributions on “Membranes 
their Interfacial Chemistry and Bio- 
physics" (by H Ti Tien) and on “The 
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Physical Adsorption of Gases" (by S J 
Gregg) are included Colloids are repre- 
sented by three long contributions 
"Aggregation 1n Surfactant Systems" (by 
Per Ekwall, I Damielsson and Per 
Stenius), “Theory of Homogeneous 
Nucleation from the Vapour” (by G M 
Pound, K Nishioka and J Lothe) and 
"Hydrosols" (by D H  Napper and 
R J Hunter. Each contribution 1s 
well provided with references (mainly 
very recent) and a comprehensive list 
of headings of sections and subsections 
The latter will be much used since no 
subject or name index for the volume 
1» included, indices for the series being 
collected in the index volume 

The choice of topics would seem at 
this time to be wise but undoubtedly 
wil require modification in further 
volumes Some of the shorter articles 
are considerably condensed and de- 
signed for the specialist rather than the 
new worker in the field, but, on the 
other hand, the chapters on membranes 
and surfactants are of more general 
character and more suited to the general 
reader The final 60-page chapter on 
hydrosols 1s a comprehensive advanced 
treatment, which includes the prepara- 
tion and characterization of disper- 
sions, double layer theory and colloidal 
stability as well as coagulation 

The book is adequately produced with 
clear diagrams, but its price will ensure 
that it occurs mainly on institutional 
library shelves P JOHNSON 


Properties of Metals 


Solid State Theory in Metallurgy By P 
Wilkes Pp xu+453 (Cambridge Uni- 
versity Press London, 1973) £895, 
£3 20 paper 


THE modern student of metallurgy no 
longer sees his ultimate goal as “the art 
of working metals”, to quote the dic- 
tionary, but 1s more akin to the physicist, 
or “student of nature”, to quote the same 
source He seeks a more basic under- 
standing of the properties of metals and 
solids which make them useful to man- 
kind, and consequently the knowledge 
of both the electronic and atomic struc- 
ture of condensed matter is of profound 
importance in his studies In a past 
era the area of electronic structure would 
normally be considered the domain of 
the solid state physicist, but it 1s 
encouraging to review a new book on 
solid state theory by a metallurgist 
aimed at undergraduate and graduate 
students of metallurgy and material 
science 

Dr Wilkes’s book 1s divided into three 
parts The first two parts are written 
so that they can be studied concurrently 
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or independently whilst the final part 
draws upon the results of the previous 
sections In part I, starting from the 
physics of the free electron, Dr Wilkes 
develops ideas on the behaviour of free 
electrons in a solid in a logical, 1f con- 
ventional, manner In part II the con- 
cept of the crystal lattice 1s described 
Lattice vibrations in, and the elastic 
properties of, such an idealized solid are 
described and compared with the pro- 
perties of real materials Lattice defects 
and faults are then introduced, but not 
dwelt upon over-long since this area 1s 
amply covered in other metallurgical 
texts 

There follows a section on diffrac- 
tion by crystals which not only describes 
the theory and experimental techniques 
available (X rays and electrons are men- 
tioned but, annoyingly, not neutrons) 
but, using Fourier methods, clearly 
shows that the underlying connexions 
between diffraction and the Brilloun 
zone theory are solids This, to me, 1s 
the best section 1n the book 

In the final part, the theory and pto- 
perties of electrons in real metals are 
explored through the nearly free elec- 
tron and tight binding methods, intro- 
ducing the ideas of pseudopotentials, 
pair potentials and screening on the 
way The ultimate usefulness of the 
theory 1s now made evident by compari- 
son with the structure and properties of 
a range of metals, semiconductors and 
alloys In the final chapter the theory 
1s applied to high energy electrons in a 
lattice and the consequences in electron 
microscopy and diffraction 

The book is written in an exciting 
style of new discovery indicating its 
obvious kinship to the lecture course 
which the author no doubt gave at Man- 
chester The text 1s generally well illus- 
trated by a series of informative 
diagrams and photographs and each 
chapter ends with a comprehensive list 
of books for further reading though, 
unfortunately, there are no references 
to original articles or papers Dr Wilkes 
says in the preface that he has en- 
deavoured “to explain each mathe- 
matical step and omit none"—a worthy 
aim for an undergraduate text which 1s 
faithfully maintained throughout the 
book The mathematical steps do occa- 
sionally, however, hold up the pace of 
the physical argument Perhaps more 
mathematical appendices would have 
helped, but this 1s a minor criticism 

The level of the material presented in 
parts I and II should not present diffi- 
culties to first and Second year under- 
graduate students, but some sections of 
part III are clearly postgraduate mat- 
eral The question might then be raised 
as to whether any qne book can satis- 
factorily arm at such diverse levels of 
experience I believe that with guidance 
the able undergraduate should not find 
himself “out of depth” with the majority 
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of this text, and many postgraduate 
metallurgists will find the book a clear 
introduction to an unfamihar area of 
knowledge 

Taking into account the minor reser- 
vations and criticisms I have made, I 
still feel that the book can be strongly 
recommended to students of metallurgy 
and material science, and would make 
a worthwhile introduction to solid state 
physics for students of other disciplines 

L GILLoTT 


Scattering Theory 


Quantum Theory of Scattering Pro- 
cesses (International Encyclopedia of 
Physical Chemistry and Chemical Phy- 
sics) By J E G Farna Pp x1+152 
(Pergamon Oxford and New York, 
February 1973) £450 


Tuis short and lucid book provides a 
sound introduction to the quantum 
theory of collisions for research workers 
in physics, chemistry and mathematics 
Compactness has been achieved by con- 
centrating on a small number of funda- 
mental topics, which are illustrated with 
examples drawn from atomic physics 
The compassionate author carefully 
explains each step in the algebra and 
even the more difficult chapters should 
be easily followed by a first year 
graduate student Although it 1s neces- 
sary to abandon rigour occasionally in 
a book of this length, the author points 
out such shortcomings where they apply 
and his mathematics 1s conscientiously 
scrupulous ın most of the text. 

The introductory chapter of the book 
deals with the properties of important 
differential equations arising 1n collision 
theory and solves the problem of scatter- 
ing by a centre of force using partial 
wave analysis and the Kohn variational 
method [In chapter 2 the Born series 1s 
derived via the free particle Green's 
function and the integral equation of 
scattering Chapter 3 tackles problems 
raised by the Pauli principle and the 
separation of relative and centre of mass 
motion Inelastic scattering and re- 
arrangement collisions are considered 1n 
the next chapter The fifth chapter, on 
formal scattering theory, begins with a 
treatment of some useful contour 
integrals and uses the results to derive 
the Lippmann-Schwinger — equation, 
which 1s then applied to direct collisions 
and the scattering of a particle by two 
centres of force The remaining chapters 
are concerned with the time dependent 
approach to collisions and the scatter- 
ing matrix 

The fundamentals of the subject are 
treated thoroughly in this admurable 
book, but the coverage 1s not extensive 
enough, even at an elementary level, for 
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most requirements Nuclear physicists 
will be particularly affected by the failure 
to consider particles of non-zero spin 
and observables other than cross- 
sections, at a time when the proliferation 
of polarized sources has made asym- 
metry and triple scattering measure- 
ments commonplace I know of no 
other work on this subject which can 
be read from end to end ın a sensible 
time, however, and as such it 1s the 
most suitable book for a beginner 
V R W EDWARDS 


Practical 
Thermodynamics 


Macroscopic The:modynanucs By J S 
Turton Pp xvi+300 (Wiley London 
and New York, April 1973) £550 
cloth , £295 paper 


Here 1s an excellent introductory text- 
book on engineering thermodynamics 
to swell the contents of an already well 
stocked shelf Of course, none of this 
classical material 1s new and the con- 
tents can be found in a number of other 
similar textbooks so it 1s inevitable that 
we should ask what the present author 
and printer together have achieved 

The strength of this textbook lies in 
a combination of the clarity of the 
author’s style, his decision strictly to 
limit the contents to that part of 
thermodynamics which is relevant to the 
treatment of power cycles, refrigeration 
cycles and heat engines and to his 
inclusion of more than eighty fully 
worked examples in which both SI and 
British units are used In addition more 
than 100 problems are included along 
with their answers so that a student who 
works carefully through the book will 
emerge with an ability to deal with a 
variety of both numerical problems and 
others requiring an understanding of the 
logic of thermodynamics 

The printing and layout are impec- 
cable and the clean idealized diagrams 
give the book a real feeling of space, 
unlike some of its competitors which 
tend to be rather cramped In order 
to achieve this open appearance in a 
book of this length some of the topics 
usually dealt with at this level have been 
omitted There 1s no discussion of heat 
transfer by conduction, convection or 
radiation, nor is there any mention of 
the jet engine, although some of the 
principles involved appear ın the chapter 
concerned with the combustion of fuels 
The more recent technologies of direct 
energy conversion using semiconductors, 
MHD and fuel cells have, also been 
omitted in ordgr to give a more complete 
treatment of reciprocating machines 

Unexpectedly the International Prac- 


tical Temperature scale 1s described in 
some detail, while ın the same chapter 
the diagram illustrating a thermocouple 
circuit makes the usual mistake of 
showing only one ice point junction, 
although two dissimilar metals are 
shown (for example, Pt-Pt, Rh or 
Chromel-Alumel) 

Nuclear fuels and solar energy are 
regarded as being outside the scope of 
the book, and it seems to look forward 
optimistically to an undiminished supply 
of fossilized fuels When at last the 
supplies of these conventional fuels 
begin to decline how will the new text- 
books on engineering thermodynamics 
respond? 

Within the chosen range of contents 
the author has produced a first-class 
competitive textbook which will soon 
find a place in university mechanical 
engineering courses 


J C MATTHEWS 


Lichen Alarm 


Air Pollution and Lichens Edited by 
B W Ferry, M S Baddeley and D L 
Hawksworth Pp x+389 (Athlone 

London, April 1973) £625 


THERE 1s a good deal to be said for 
using a biological method for estimating 
air pollution, and for this purpose 
lichens have certain advantages, such 
as their simple structure, slow growth, 
mainly airborne nutrition, and ability 
to absorb, passively, almost anything in 
air or water which comes in contact 
with the thallus Thus, though resistant 
to harsh conditions of minimal nutri- 
tion, temperature, and water loss, most 
lichens are unusually sensitive to the 
accumulation of phyto-toxic materials 

These facts have been known to 
lichenologists for over a century, so it 
1s perhaps surprising that this ıs the first 
book on the subject, but quantitative 
work has had to wait for the present 
flourishing condition of lichenology, 
and for the regular and widespread 
monitoring of at least one of the major 
air pollutants, namely sulphur dioxide 
As might be expected, therefore, most 
of the book 1s concerned with SO, and 
its effects It is a collection of seven- 
teen papers, mainly of a review type, 
by a total of nineteen authors, several 
of whom appear more than once Most 
of them might be "described as leading 
members of that very active body, the 
British Lichen Sogiety, although three 
are from Canada, two from the USA, 
and one from Belgium 

After a short introduction by P W 
James, P W J Saunders and C M 
Wood review at some length the pro- 
duction, dispersal and fate of SO, in 
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the environment In those later chapters 
which deal with the recording and 
mapping of lichens, their distribution 
1s assumed to relate to this one among 
the pollutants Britain is probably 
better provided with recording gauges 
for SO, than any other country (about 
1,300 in 1968) and this has enabled 
British workers to devise two biological 
scales for estimating SO, levels, which 
are already proving their worth These 
are O L Gilbert's, based on bryophytes 
as well as lichens on several substrates, 
and Hawksworth and Rose’s, which 
uses tree-bark lichens, both published 
in 1970 There are also in use several 
more complex, numerical indices of 
atmospheric pollution (AP) or of 
poleotolerance (P) devised in Belgium 
(De Sloover), Canada (LeBlanc er al) 
and Estonia (Trass) but these do not 
seem to give more reliable results than 
the simpler British scales Possibly 
Barkman’s three lichen-based categories 
of light, moderate and heavy pollution 
for central Linburg (Belgium), which 
were used in planning the location of 
housing and industry, may be of the 
most practical use 

In chapter 7, B J Coppins sets aside 
the “drought hypothesis” of J Rydzak, 
out though there is little doubt that 
"toxic gas" is the main influence, 
humidity ıs always an important local 
factor, and in the longest of several 
chapters on lichen physiology (chapter 
12 J F Farrar sounds a note of 
caution, stressing the many variables, 
besides SO, levels, which may affect the 
growth and survival of lichens 

Some of the other pollutants— 
fertilizers, sprays, weedkillers, radio- 
active nuclides, heavy metals, smoke— 
are dealt with by P W James in 
chapter 8, but there is little or nothing 
known about the effects on lichens of 
ozone, H,S, or the car exhaust gases 
There is one chapter by O L Gilbert 
on fluorides, which are increasingly 
used in industry, but we are told several 
times in the book that their effects are 
merely local, which seems doubtful, as 
no monitoring has been done except 
around a few smelters and so on in 
rural areas 

The historical changes in the lichen 
flora of England and Wales, outlined in 
chapter 16, give us an interesting pic- 
ture of the growth of pollution, and the 
final chapter 1s a summary of the book, 
with suggestions for future work, for 
which, indeed, there 1s 1mmense scope 
There 1s a good index, and ample refer- 
ences at the end of each chapter The 
editors might, perhaps, have pulled the 
collection together a bit more, but it is 
a pioneer work which 1s likely to remain 
essential not only for lichenologists but 
for the far wider readership of those 
who, nowadays, have an interest in the 
quality of the air we breathe 


C G Doggs 
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INSTRUMENT REVIEW 





Measuring NQR Spectra 


Nuclear Quadiupole Resonance (NOR) 
Spectrometer (Decca Radar Limited, 
Instrument Division, Lyon Road, Wal- 
ton-on-Thames, Surrey, from about 
£6,275 ) 


NUCLEAR quadrupole resonance spec- 
troscopy is a branch of magnetic 
spectroscopy in which certain nucle: 
absorb energy from radio waves The 
energy levels arise from the interaction 
of a nucleus that has a non-spherical 
charge distribution (that 15, nuclear 
spn quantum number I>4) with 
electric field gradients within the mole- 
cule Thus an NQR spectrometer does 
not involve a magnet because the 
internal electric field gradient in NQR 
fulfils a similar role to the external 
magnetic field in NMR The energy of 
interaction between a quadrupolar 
nucleus and the electric field gradient 1s 
proporttonal to the nuclear quadrupole 
coupling constant! 

Nuclear quadrupole coupling con- 
stants can be measured by several tech- 
niques such as molecular beam magnetic 
resonance in the gas phase and by 
NQR spectroscopy in the solid state? 
NQR spectrometers fall into two groups 
First spectrometers, such as the present 
instrument and one manufactured by 
the Wilks Scientific Corporation (South 
Norwalk, Connecticut), which are 
designed to measure frequencies and if 
possible line shapes with the maximum 
sensitivity’, such instruments should be 
capable of scanning wide frequency 
ranges The second group‘, such as the 
Bruker spectrometer, measure the way 
in which the system responds to bursts 
of radiofrequency power, and so give 
information on the relaxation properties 
of the nucle: Such information 1s more 
specifically of interest to the physicist 
whereas the chemist 1s more concerned 
with the determination of NQR 
frequencies, and hence coupling con- 
stants, which he can use (1) to investi 
gate solid-state effects such as phase- 
transitions, molecular point-symmetry 
and other lattice effects’, (11) to finger- 
print a molecule (such as an organic 
molecule) by comparing the frequencies 
observed 1n an unknown with those of 
standard compounds’ ‘, (11) to calculate 
approximate electron distributions 
within molecules?’ The Decca instru- 
ment 1s designed principally for the 
chemist 

Nuclear quadrupole resonance spec- 
troscopy can only be carried out using 
crystalline samples where the electric 


field-gradient axes are fixed in space In 
a liquid, molecular vibrations modu- 
late the electric field-gradient and induce 
transitions between quadrupole levels to 
such an extent that the lifetime of the 
quadrupolar state becomes so short as 
to cause uncertainty broadening, 
making the line too broad to be de- 
tected Although NQR spectroscopy 1s 
in theory applicable to gases, quadrupole 
coupling constants in the gas phase are 
more easily determined from micro- 
wave pure-rotation spectra? 

The NQR technique 1s not, and prob- 
ably never will be, as simple as other 
spectroscopic techniques such as infra- 
red and NMR Thus because signals are 
weak it requires slow scanning rates, 
which ın turn means that ıt takes a long 
time to locate a signal At present ıt is 
almost impossible to predict when a 
given resonance will be strong, weak or 
unobservable, and samples in the last 
two classes can take up a lot of time 
To help the potential customer Decca 
will run a trial sample for him to help 
evaluate the potential use of NOR 

As I do not own a Decca NQR spec- 
trometer I familiarized myself with the 
instrument by following the instruction 
manual to record the spectra of 
p-dichlorobenzene, CCl, N-chloro- 
succinimide and Sb,O, In each case I 
obtained the literature spectrum fairly 
readily although the cross-referencing 
in the manual ıs poor, cross-references 
are generally to a chapter rather than to 
the*specific page In addition I found 
two of the controls labelled “PSD Set" 
and “Internal FM Amplitude” on the 
spectrometer had different names in the 
manual (“PSD Gain" and “Attenua- 
tors" respectively) In order to set up 
both the Sideband Suppression and the 
Frequency Marker it was necessary to 
read the relevant chapters through 
twice before proceeding The lack of 
a clear stepwise procedure for setting 
up both controls meant that when I 
did proceed it was with some trepida- 
tion, although I was assured that 1t was 
virtually impossible to cause damage by 
misusing the controls and to be fair 
the manual did contain all the informa- 
tion required Once mastered the Side- 
band Suppression and the Frequency 
Marker worked well Although setting 
up the Sideband Stppression can be 
achieved without an _ oscilloscope, 
Decca warn that if requires practice 
Personally I found that even using an 
oscilloscope it presented something of 
a challenge for the first couple of days 

In following the manual I quickly 


established that the spectrometer 
achieved all that the manufacturer 
claimed for ıt In addition I tested it 
with a number of transition metal 
chlorine complexes For example, with 
K,PtCl, the present spectrometer gave 
a signal at 1795 MHz with a signal-to- 
noie ratio of 3 1 as compared to 0.8 1 
reported in the literature? When 
searching for an unknown signal it 1s 
vital to scan very slowly, preferably 
overnight This, of course, requires a 
considerable measure of stability with- 
in the instrument to avoid the recorder 
going off-scale and thus failing to record 
the spectrum Although there 1s some 
baseline drift its magnitude can be 
checked manually in advance so that 
overnight and even over-weekend runs 
are possible. This 1s a very important 
point in favour of the present instru- 
ment 

The final design of any spectrometer 1s 
inevitably the result of a number of 
compromises Although tbe final 
appearance of the Decca instrument 1s 
very pleasant there are a number of 
features that could have been improved 

First, to change the coils involves 
lifting up the oscillator unit and placing 
it on its side which is not only a tricky 
operation but requires a measure of 
Strength Perhaps a vertical jack could 
be fitted? 

Second, to minimize heat losses the 
probe 1s supported on a thin coaxial 
line which will buckle easily. On several 
occasions I found it very difficult to 
align the threads necessary to screw this 
coaxial line on to the oscillator unit, 
and the risk of buckling was thus en- 
hanced The short probe (for 75 to 
90 MHz operation) 1s even more diffi- 
cult to fit on account of the small space 
left around the collar that retains it. 

Third, there are many cable con- 
nexions at the back of the instrument 
They are located there to be out of the 
way and give a pleasant appearance to 
the spectrometer, but on occasion one 
must reach them, which 1s not simple 
There is also the possibility of a con- 
nexion coming apart accidentally and 
not being noticed—at one stage I spent 
half an hour trying to find why the 
marker unit was not working, only to 
find that its plug had fallen off (how I 
do not know) Locating the plugs on the 
side or the top of the spectrometer might 
be more valuable in operation although 
aesthetically less pleasing 

The modular nature of the spectro- 
meter should make servicing relatively 
simple as Decca will exchange units 
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during repar Beyond this, detailed 
circuit diagrams are provided to help 
the customer with electronics experi- 
ence to service his own instrument The 
instruments in service have so far 
developed very few faults 

The instrument requires about 6 
foot of bench space, although 8 foot 
makes it easier to get to the back of the 
spectrometer to reach the plugs and the 
scan speed control 

At present the instrument comes in 
one of two basic packages covering 
either 55 to 55 MHz or 89 to 90 MHz 
Low frequency (1 to 10 MHz) and high 
frequency (90 to 350 MHZ) attach- 
ments are being developed and should 
be available now 

The Decca instrument does an excel- 
lent job within the limitations outlined 
above as inherent in NQR spectroscopy. 
As mentioned above it 1s not yet pos- 
sible to predict the intensities of NQR 
signals and accordingly the customer 
would be wise to submit representative 
samples to Decca who will record their 
spectra for evaluation If suitable 
signals are obtained I can strongly 


recommend the purchase of this 

instrument F R HARILEY 
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Announcements 


University News 


. Professor Jasper P. Brener, University of 
Tennessee, has been appointed to the 

.Second Chair of Psychology at the 
University of Hull 


Appointments 


His Grace the Duke of Northumberland, 
KG, TD, FRS, has been appointed 
Chairman of the Medical Research 
Council from October 1973 


The following scientific appointments 
to the Medical Research Council have 
been made Professor A. C..Dornhorst, 
MD, FRCP; Dr Helen Muir, MA, DPhil. 
Lord Halsbury, FRS, has been appointed 
as a lay member of the Council 


Errata 


IN the article “Unique Amyloid Protein 
Subunit common to Different Types of 
Amyloid Fibnl" by G Husby, J B 
Natvig, T E Michaelsen, K Sletten and 
H Hast (Nature, 244, 362, 1973), para- 
graph 1, lines 7 and 8, should read ^ a 
molecular weight of 8,500, named by us 
protein AS (amyloid subunit) — " instead 
of “ a molecular weight of 85,000, 
named byus ” 


IN the article *"Transformation of Mam- 
malian Cells im vitro by Low Doses of 
X Rays" by C Borek and E J Hall 
(Nature, 243, 450, 1973) the legend to 
Table 1 should read 


** *Plating efficiency (P E.)= 
Number of clones counted 


Number of cells plated x 100 


iSurviving fraction (S F)= 
Number of clones counted 
. Number of cells plated x PE” 


Dur to a printers’ error the title of the 
article by M G R Varma er al. (Nature, 
244, 452, 1973) was incorrect and should 
read "Zirqa Virus, a New Arbovirus 
Isolated from Bird-infesting Ticks” 


Corrigendum 


IN the article “Potent Pyrethroid Insecti- 
cides from Modified Cyclopropane Acids" 
by M Elliott et al (Nature, 244, 456, 
1973) two references should be added 


14 Crombie, L , Doherty, C E ,and Pattenden, 
G,J chem Soc , C, 1077 (1970) 

15 Brit p 1,270,270 (to Roussel-Uclaf, 
SA 


and so refs 10 and 11 on Fig 2 should 
be changed to 14 and 15 respectivelye 
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not included in the Monthly Books Supplement 
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University of London Careers Advisory Board— 
63rd Annual Report Pp 34 (London The Um- 
versity of London, 1973 ) [215 

Flora of Tropical East Africa Edited by B M 
Polhill Combretaceae By G E Wickens Pp 100 
(London Crown Agents for Oversea Governments 
and Administrations, 1973) 87p (21 

Structures of Nimome Alloys Pp 28 Wiggin 
Nickel Alloys for Electronics and Instrumentation 


Pp 14 (Hereford Henry Wiggin and Co, Ltd 
1973 ) (215 

Building Research Establishment Digest No 70 
Painting Iron and Steel Pp 8 Sp No 83 


Plumbing with Stainless Sigel Pp 4 5p No 153 
Motorway Noise and Dwellings Pp 8 5p (Lon- 
don HMSO, 1973) (215 

Pharmaceutical Industry Press Directory 1973 Pp 
24 (London The Ass@riation of the British Pharma- 
ceutical Industry, 1973) 9 [215 

Philosophical Transactions of the Royal Society of 
London A Mathematical and Physical Sciences 
Vol 274, No 1239 A P#iscussion on the Measure- 
ment and Interpretation of Changes of Strain in the 
Earth Organized by Alan H Cook, R V Jones, 
R G Biham and G C P King Pp 181-4334 
plate 4 £875, $24 50 Vol 174, No 1240 Self- 


similar Problems in Elastodynamics By J R Willis 
Pp 435-491 £205, $575 (London The Royal 
Society, 1973 ) [215 
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The Scientific Proceedings of the Royal Dublin 
Society Series A Vol 4, No 26 Deweylite from 
Inishcrone, Co Shgo By R Nawaz Pp 371-372 
20p Vol 4, No 27 Sedimentary Features of the 
Bray Group, Bray Head, Co Wicklow By J C 
Brindley, S Millan and E. J Schiener Pp 373-390 
50p Vol 4, No 28 Structure of the Lower Palaco- 
Zoic Greywacke Formations West of the Lemster 
Granite ın Counties Kildare and West Wicklow By 
P M Bruck Pp 391-410+plate 15 50p Vol 4, 
No 29 History of Zircon Growth from Minor Acid 
Intrusions in South-East Ireland By J C Brindley 
and L N Gupta Pp 411-430 Vol 4, No 30 
The Lower Palaeozoic Volcanic Rocks of South-East 
Leinster, Ireland By James C Brindley, P McArdle 
and E J Schiener Pp 431-438 45p Series B 
Vol 3, No 12 Some Interesting Fish Recorded 
from Galway Bay and Adjacent Areas during 1970 
and 1971 By James Dunne Pp 159-163  30p 
(Du5hn The Royal Dublin Society, 1973 ) [215 

Department of the Environment ' First Report of 
the Standing Committee on Research into Refuse 
Col'ection, Storage and Disposal Pp iv+20 (Lon- 
don HMSO, 1973) 21p net [225 

Science Research Council, Artificial Intelligence 
a Paper Symposium Pp 1v+45 (London Science 
Research Council, State House, High Holborn, 1973 ) 
Gratis [225 

Bulletin of the British Museum (Natural History) 
Geology Vol 21, No 6 Mid-Tertiary Cytherettinae 
of North-West Europe By Michael Charles Keen 
Pp 259-349+23 plates (London British Museum 
(Natural History), 1972) £4 60 [225 

Department of Employment The Quota Scheme 
for Disabled People Consultative Document Pp 
39 (London Department of Employment, 1973 ) 
Grats (255 

Fish Farming International, No 1, 1973 Pp 152 
West Byfleet, Surrey Fishing News (Books), 1973 ) 

[295 
A Directory of Seed Research in Britain Compiled 
by T W Hegarty Pp 44  (Invergowrie, Dundee 
Scotush Horticultural Research Institute, 1973) [295 

An Amateur's Guide to the Study of the Genitalia 
of Lepidoptera (AES Leaflet No 34) Pp 16 
(Streatham, London Amateur Entomologists’ Society, 
137 Gleneldon Road, 1973) [295 

Studies in Rural Land Use Report No 11 Second 
Homes in England and Wales (A Study of the 
Distribution and Use of Rural Properties Taken Over 
as Second Residences) By C L Bielckus, A W 
Rogers and G P. Wibberley Pp xiu+172 (Wye, 
Ashford, Kent School of Rural Economics and 
Related Studies, Wye College, 1972) £125 [295 

Recreation Traffic ın National Parks Beyond the 
Car (A Cambridge University Conservation Society 
Report) Pp 29 (Cambridge — Eco-Publications, 
6 Cavendish Avenue, 1973) 30p including post- 
age [295 

Physical Aspects of the Effects of Nuclear Reactors 
in Working and Public Environments By Roger H 
Clarke (PhD Thesis) Pp vin+273 (Berkeley, 
Gloucestershire Librarian Central Electricity Gener- 
atng Board, Berkeley Nuclear Laboratories, 1973) 
Gratis [295 

Care with Dignity An Analysis of Costs of Care 
for the Disabled—Report by the Economist Intelli- 
gence Unit (Action Research for the Crippled Child 
Monograph) Pp 180 (Horsham, Sussex National 
Fund for Research into Crippling Diseases, 1 Spring- 
field Road, 1973) £3 [305 

Department of Trade and Industry Warren Spring 
Laboratory National Survey of Air Pollution, 
1961-71 Vol 3 East Angla Region, East Midlands 
Region, West Midlands Region Pp vin+ 168 
(London HMSO, 1973) £350 net [305 

Ordnance Survey The Three Peaks Whernside, 
Ingleborough, Pen-y-ghent (125000 Outdoor Leisure 
Map) (Southampton Ordnance Survey, 1973) 
95p [315 

Skin Disorders Pp 32 (London Office of 
Health Economics, 1973) 25p (315 

The Queen's University of Belfast Vice Chancellor’s 
Report, 1971/1972 Pp 111 (Belfast The Queen's 
University of Belfast, 1973) [315 

Briush Antarctic Survey Scientific Reports, 
No 76 The Geology of the Falkland Islands By 
Mary E Greenway Pp 42+8 plates 
British Antarctic Survey, 1972) £380 net [16 

Proceedings of the University of Newcastle upon 


Tyne Philosophical Society Vol 2, No 2 The 
Development of Qualitative Analysis 1750-1850 
Part 3 The Use of the Blowpipe By W A 


Campbell Pp 17-24 Vol 2, Nos 3 and 4 The 
Permanent Zooplankton of Northumberland Coastal 
Waters By Frank Evans Pp 25-68 (Newcastle 
upon Tyne University of Newcastle upon Tyne 
Philosophical Society, 1971-73 ) [16 

Man and His Environment By Professor Harry 
G Johnson Pp 33 (London  British-North 
American Research Association, 12 Upper Belgrave 
Street, 1973) 40p [16 

List of University Institutions in the Common- 
wealth Seventeenth edition Pp 28 (London The 
Association of Commonwealth Universities, 1973 ) [46 

Science, Medicine and Man, Vol 1, No 1, April 
1973 Editor-in-Chief Peter J M McEwan Pp 1- 
92 Annual subscription rates for librarics, univer- 
sity departments, government laboratories, industrial 
and other multiple-reader institutions, £12 ($30) 
Published quarterly (Oxford and New York Perga- 


mon Press, 1973 ) [46 
Department of Trade and Industry Handbook of 
Remote Sensing Techniques Pp 419 (Orpington 


Kent The Technology Reports Centre, 1973) £5 [46 

Fabian Research Series, No 310 Fair Wages and 
Public Sector Contracts By Jim Skinner Pp 20 
(London Fabian Society, 1973) 20p [56 
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Office of Population Censuses and Surveys The 
Registrar General's Quarterly Return for England 
and Wales, quarter ended 31 December 1972 Pp 
45 (London HMSO, 1973) 23p net [56 

Centre for Overseas Pest Research—Descriptive 
Brochure Pp 24 (London Centre for Overseas 
Pest Research, College House, Wrights Lane, W8, 
1973) Gratis [66 

TRADA 72 Report of the Director of the Timber 
Research and Development Association Pp 16 
(London The Timber Research and Development 
Association, 1973 ) [76 

International Tin Research Council Annual Re- 
port for 1972 Pp 48 (Perivale, Greenford Miuddle- 
Sex Tin Research Institute, 1973 ) [76 

The Industrial Council for Educational and Train- 
ing Technology Annual Report, 1972/1973 Pp 20 
(London The Industrial Council for Educational and 
Training Technology, 8 Leicester Street, WC2, 
1973) [86 

The British Institute of Radiology Annual Re- 
port 1972/1973 Pp 8 (London The British In- 
sutute of Radiology, 32 Welbeck Street, W1, 
1973 ) 86 

British Flame Research Committee 1972 Annual 
Report Pp 23 (London British Flame Research 
Committee, 2/3 Golden Square, W1, 1973) (86 

Command and Complementarity — By Professor 
R V Jones (The Fourth J D Bernal Lecture 
delivered at Birkbeck College, London, 13th Febru- 
ary 1973) Pp 17 (“London Birkbeck College, 
1973 ) [86 

Bulletin of the British Museum (Natural History) 
Entomology Vol 28, No 3 A Catalogue of the 
Genus-Group Names of the Zygaenidae (Lepidoptera) 
By W G Tremewan Pp 111-151 £165 Vol 28, 
No 4 A Catalogue of the Family-Group and Genus- 
Group Names of the Gelechudae, Holcopogonidae, 
Lecithoceridae and Symmocidae (Lepidoptera) By 
K Sattler Pp 153-282 £470 Geology Vol 21, 
No 3 The Lower Miocene Ruminants of Gebel 
Zelten, Libya By W R Hamilton Pp 73-150+ 
14 plates £430 Vol 23, No 4 Palaeozoic Coral 
Faunas from Venezuela, II Devomian and Carboni- 
ferous Corals from the Sierra de Perya By C T 
Scrutton Pp 221-281+10 plates £435 Zoology 
Vol 25, No 2 The Type Specimens and Identity of 
the Species Described in the Genus Lithobius by 
R I Pocock from 1890 to 1901 (Chilopoda, Litho- 


biomorpha) By E H Eason Pp 39-83 £195 
(London Bnush Museum (Natural — History), 
1973) [116 

Report to the Worshipful Company of Cloth- 


workers of the City of London of the Advisory Com- 
mittee on the Departments of Textle Industries and 
Colour Chemistry and Dyeing in the University of 
Leeds for the Session 1971-72 Pp 77 (Leeds The 
Registrar and Secretary, The University, 1973) — [116 

The Nickerson Group of Companies—Descriptive 
Brochure Pp 48  (Rothwell, Lincoln The Nicker- 
son Group of Companies, 1973) [116 

Modern Fish Farming in Israel By Douglas W 
Cross Pp 25 (London The Anglo-Israel Associa- 
tion 9 Bentinck Street, W1, 1973) 30p (116 

University of Bristol Department of Agriculture 
and Horticulture Long Ashton Research Station 
(The National Fruit and Coder Institute)—-Report for 
1972 Pp xxum-214--3 plates (Long Ashton, 
Bristol University of Bristol, Long Ashton Research 
Station, 1973) £175 [116 

Oundle School Natural History Society Annual 
Report for 1972 Pp 65 (Oundle, Peterborough 
Oundle School Natural History Society, 1973) — [116 

The Environmental Crisis a Communist View By 
Pauline Robinson Pp 22 (London Communist 
Party of Great Britain, 1973} 12p [116 

The Royal Observatory, Edinburgh Report of 
the Astronomer Royal for Scotland for the Year 
Ending 31st March, 1973 Pp 14 (London Science 
Research Council, 1973) 1116 

International Council of Scientific Unions Inter- 
national Conference—''Education of Teachers for 
Integrated Science", April 3-13, University of Mary- 
land—Report Pp 59 (London Mr D G Chisman, 
CEDO, Tavistock House South, Tavistock Square, 
WCI, 1973) 50p $125 [116 

Royal Observatory Bulletins No 177 Line 
Strengths in the Spectra of Seven Double-Lined Am 
Binary Stars By D J Stckland Pp 149-187 
(Herstmonceux Royal Greenwich Observatory, 1972 ) 
60p net [126 

Philosophical Transactions of the Royal Society of 
London B Biological Sciences Vol 265, No 870 
The History of the Vegetation and Flora of Widdy- 
bank Fell and the Cow Green Reservoir Basin, Upper 
Teesdale By Judith Turner, Valerie P Hewetson, 
F A Hibbert, Katharine H Lowry and C Chambers 


Pp 327-408 (London The Royal Society, 1973) 
£295, $8 25 [126 

Mineral Resources Consultative Committee 
Mineral Dossier No 5 Tungsten Compiled by 
D Slater Pp vut+43  55p net Mineral Dossier 


No 6 Celestite including references to Strontianite 


Compiled by I A Thomas Pp vn+26 42p net 
(London HMSO, 1973) [136 
Department of Trade and Jndustry Support of 


Mine Workings Pp 73 (London HMSO, 1973) 
47p net [156 

Pay Board a Guide to Its Work Pp 28 (Pay 
Board Information Centre, Cleland House, Page 


Street, SW1, 1973) Gratis [156 

Department of Education and Science Architects 
and Building Branch Design Note 11 Chaucer 
Infant and Nursery School Ilkeston, Derbyshire 


Pp 16 (Canons Park, Middlesex Department of 
Education and Science, Honeypot Lane, 1973) 
Gratis [156 

Principles of Photochemistry By Dr P Suppan 
(Monographs for Teachers No 22) Pp w+73 
(London The Chemical Society, 1973) £1 [156 


Tweed River Purification Board Nineteenth 
Annual Report for the year ended 31st December 
1972 Pp 39 (Newtown St Boswells Tweed River 
Purification Board, 1973) [156 

Fabian Tract No 423 Still No Disarmament By 
Wayland Kennet Pp 24 (London Fabian Society, 
1973) 25p [156 

Lawes Agricultural Trust Rothamsted Experi- 
mental Station Report for 1972 Part 1 Pp 403 
Part 2 Pp 217 (Harpenden, Herts Rothamsted 
Experimental Station, 1973) £250 the two s 
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SWA Research Cimbebasia Ser A Vol 2, 
No 7 Weiteres zur Kenntnis der Pseudoscorproniden 
Sudwest Afrikas Von M Beer Pp 97-102 Vol 
2, No 8 Four New Species of Unguitermes Sjostedt 
from the Ethiopian Region (Isoptera, Termitidae) 
By J E Ruelle Pp 103-112 Vol 2, No 9 The 
Constitution of the Intertidal Fauna of Rocky Shores 
of Moqamedes, Southern Angola By Brian Kensley 
and Mary-Louise Penrith Pp 113-124 Vol 2, No 
10 Redescription of Pachynotelus kuehnelts Koch, 
1962 (Coleoptera Tenebrionidae Cryptochilini) By 
Mary-Loutse Penrith Pp 125-130 Vol 3, No 1 
National Survey of the Isoptera of South Africa 
1 The Genus Baucaliotermes Sands (Termitidae 
Nasutitermitinae) By W G H Coaton and J L 
Sheasby Pp 1-8 Vol 3, No 2 National Survey 
of the Isoptera of Southern Africa 2 The Genus 
Schedorhinotermes | Silvestri. ¢Rhinotermiudae) By 
W G H Coaton and J L Sheasby Pp 9-18 
Vol 3, No 3 National Survey of the Isoptera of 
Southern Africa 3 The Genus Psammotermes 
Desneux (Rhinotermitidae) By W G H Coaton 
and J L Sheasby Pp 1928 Vol 3, No 4 
National Survey of the Isoptera of Southern Africa 
4 The Genus Fulleritermes Coaton (Termitidae 
Nasutitermitinae) By W G H Coaton and J L 
Sheasby Pp 29-38 Ser B, Vol 2, No 2 The 
Otyinungwa Valley Site—a Middle Stone Age Occwr- 
rence on the South West Africa/Angola Border By 
H R MacCalman Pp 65-80 (Windhoek SWA 
Research, State Museum, 1972 and 1973 ) [235 

Man ın Southern Africa The Southern Ngun Pp 
32 (Cape Town South African Museum, 1973 ) [235 

United States Department of the Interior Geo- 
logical Survey Bulletin 1331-A Mississippian Strati- 
graphy of Northwestern Pennsylvania By George R 
Schiner and Grant E Kimmel Pp iv+27+5 plates 
(Washington, DC Government Printing Office, 1972 ) 
$125 [235 

Gamma Field Symposia No 10 Application of 
Ionizing Radiation to Cross Breeding in Plants, 1971 
Pp 72 (Ohmuya-machi, Ibaraki-ken, Japan Insti- 
tute of Radiation Breeding, NIAS MAF, 1973) [245 

Salt Water Aquariums Principle and Practice By 
John M King and Wiliam E Kelley Pp 26 (East- 
lake, Ohio Aquarium Systems, Inc, 33208 Lakeland 
Blvd, 1973) Gratis [245 

United States Department of the Interior Geo- 
logical Survey Bulletin 1356 Placer Gold Deposits 
of Nevada By Maureen G Johnson Pp vi+118+ 
plate 1 (Washington, DC Government Printing 
Office, 1973) $2 [245 

World Health Organization Technical Report 
Series, No 521 Training and Preparation of Teachers 
for Schools of Medicine and of Allied Health Scien- 
ces—Report of a WHO Study Group Pp 32 4 Sw 
francs, 50p, $120 No 522 Energy and Protein 
Requirements—Report of a Jomt FAO/WHO Ad 


Hoc Expert Committee Pp 118 7 Sw francs, 
90p, $210 (Geneva WHO, London HMSO, 
1973 )* (245 


Population Report, Series C-D — Sterilization—Esti- 
mated World Prevalence of Voluntary Sterilization 
1972 Pp 55 (Washington, DC Department of 
Medical and Public Affairs, The George Washington 
University Medical Center, 1973 ) (245 

United States Department of the Interior Geo- 
logical Survey Bulletin 1348 Placer Gold Deposits 
of New Mexico By Maureen G Johnson Pp w+ 
46 (Washington, DC Government Printing Office, 
1972) $125 (255 

Gesellschaft fur Strahlen- und Umweltforschung 
MBH, Munchen Jahresbericht 1972 Pp 229 
(Munchen Gesellschaft fur Strahlen- und Umwelt- 
forschung MBH, 1973) [255 

Journal of Pharmacokinetics and Biopharmaceutics, 
Vol 1, No 1, February 1973 Pp 1-88  Subscrip- 
tion rate Volume 1, 1973 (6 issues), $32 Outside 
the US and Canada add $270 for postage and 
handling (New York, London Plenum Press 
1973 ) [255 

Union Internationale des Sciences Geologiques 
Association des Services Geologiques Africains / Asso- 
ciation of African Geological Surveys Bassins Sedi- 
mentatres du Littoral Africain/Sedimentary Basins of 
the African Coasts 2nd Part South ard East Coast 
(Symposium sponsored by IUGS Commission for 
Marine Geology) Edited by G Blant Pp 233 
(Pars ASGA, 74 rue de la Federation, 1973) 
$30 * [255 

United States Department of the Interior Geo- 
logical Survey Bulletin 1331-D Stratigraphy of the 
Glenns Ferry Formation from Hammett to Hager- 


man, Idaho By Harold Ee Malde Pp m+19+ 
2 plates (Washington, DC Government Printing 
Office, 1972) $125 [295 

Demographic Data Collection a Summary of 
Experience By William Seltzer Pp 64 (New 
York The Population Council, 245 Park Avenue, 
1973) S1 [305 

Battelle Memorial Institute The President's Report 
and Annual Review, 1972 Pp 92 (Columbus, 


Ohio Battelle Memorial Institute, 505 King Avenue, 
1973 ) [305 
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Smithsonian Contributions to Zoology No 125 
Behavior and Ecology of the Asiatic Elephant in 
Southeastern Ceylon By George M McKay 
Pp ıv+113 $175 No 126 Starfishes from the 
Caribbean and the Gulf of Mexico By Maureen E 


Downey Pp vi4-158 (48 plates) $250 (Washing- 
ton, DC  Smithsoman Institution Press, 1973 For 
sale by US Government Printing Office ) (315 


The Implementation of International Disarmament 
Agreements Pp 74 (Stockholm Stockholm Inter- 
national Peace Research Institute, Sveavagen, 166, 
1973 ) [315 

Publications di Centre National pour l'Exploitation 
des Oceans Série Resultats des Campagnes à la Mer 
No 05-1972 Resultats des Campagnes du NO 
Charcot, Campagne Polymede 1, 10 Mai—3 Juillet, 
1970  Preparee par le Groupe Scientifique du Centre 
Oceanologique de Bretagne, BP 337, Brest-29 N 
Pp 226 (Pars Centre National pour |’Exploitation 
des Oceans, 39 Avenue d'Iena, 1973) [315 

Menopause and Aging (Summary Report and 
Selected Papers from a Research Conference on 
Menopause and Aging, May 23-26, 1971, Hot 
Springs, Arkansas Edited by Kenneth J Ryan and 
Don C Gibson (Bethesda, Md | US Department 
of Health, Education and Welfare, National Institutes 
of Health, 9000 Rockville Pike, 1973 For sale by 
US Government Printing Office, Washington ) 
60 cents 016 

Canada Department of Energy, Mines and Re- 
sources Geological Survey of Canada Bulletin 193 
Petrology and Structure of Poplar Creek Map-Area, 
British Columbia By Peter B Read Pp 144 $4 
Bulletin 199 Geology of the Loughborough Lake 
Region, Ontario, with Special Emphasis on the 
Origin of the Granitoid Rocks—a Contribution to 
the Syenite Problem By K L Cure and T F 
Ermanovics Pp 85 $3 Paper 72-28 Fossil 
Statoblasts of Cristatella mucedo Civuer in the Beau- 
fort Formation and in Interglacial and Postglacial 
Deposits of the Canadian Arctic By M_Kux Pp 
v+12 $150 Paper 72-45 Drift Prospecting, 
Geochemistry of Eskers and Till in Permanently 
Frozen Terram, District of Keewatin, Northwest Terri- 
tories By W Shits Pp vit34 (6 plates) $2 50 
Paper 73-18 Mineral and Thermal Waters of 
Canada By J G Souther and E C Halstead Pp 
225-256 $1 Economic Geology Report No 27 
Geology of Vanadium and Vanadiferous Occurrences 
of Canada By E R Rose Pp 130 $3 (Ottawa 
Information Canada, 1971 and 1973) [46 

United States Department of the Interior Geo- 
logical Survey Bulletin 1340 Geology of the Moxie 
Pluton in the Moosehead Lake-Jo-Mary Mountain 
Area, Piscataquis County, Maine By G H Espen- 
shade Pp iv+40 Professional Paper 771 Chemical 
Composition of Sedimentary Rocks in Alaska, Idaho, 


Oregon, and Washington Pp iv+319 $4 50 
(Washington, DC Government Printing Office 
1972 ) [46 


The National Institute for Scientific and Technical 
Information and Documentat on (INID)— Prospectus 
Pp 35 (Bucuresti: INID, 1973) [46 

United States Department of the Interior Geo- 
logical Survey Water-Supply Paper 1532-G Hydro- 
logy and Effects of Conservation Structures, Willow 
Creek Basin, Valley County, Montana, 1954-68 By 
Donald G Frickel Pp iv+34 30 cents Water- 
Supply Paper 2009-C Chemical Quality of Surface 
Water in the Flaming Gorge Reservoir Area, 
Wyoming and Utah By R J Madison and K M 


Waddell Pp wt18+plate 1 65 cents (Washing- 
ton, DC Government Prinung Office, 1972 and 
1973) [56 


Mejoramiento de la Ensenanza de la Fisica a 
Traves de Ja Construccion y Discusion de Varior 
Tipos de Pruebas Informe de un Seminario de 
Trabajo por el Professor Eric M Rogers Pp 91 
(Montevideo Oficina de Ciencias de la Un sco para 
America Latina, 1972) [56 

Records of the Domimon Museum, Wellington 
New Zealand Vol 8, No 2 Araeosoma coriaceum 
(A Agassiz) and Pseudoboletia indiana (Michelin), 
New to New Zealand, with Notes on other Echinoids 
from the Bay of Plenty, New Zealand By Alan N 
Baker Pp 9-20 Vol 8, No 3 Notes on Nomen- 
clature of some Mollusca from Antarctica and 


Southern South America By R K Dell Pp 21- 
42 Vol 8, No 4 The Marine Algae of the 
Wellington Área a List of Species By Nancy M 


Adams Pp 43-96 Vol 8, No 5 The Reinstate- 
ment of Mactra murchisom Deshayes, 1854 (Mollusca 
Bivalvia  Mactridae) By F M Chmo Pp 99-105 
Vol 8, No 6 The Occurrence of the Dolphin Genus 
Stenella ın New Zealand Waters By Alan N Baker 
and A B Stephenson Pp 107-114 Vol 8, No 7 
A New Genus of Antarctic Buccimid Gastropod By 
R K Dell Pp 115-119 (Wellington, New Zealand 
Dominion Museum, 1972 ) [56 

Smithsoman Contributions to Zoology, No 128 
An Illustrated Catalog of the Neotropic Arctunae 
Types in the United States National Museum (Lepi- 
doptera Arctudae), Part 2 By Allan Watson Pp 
11+ 160 (106 plates) (Washington, DC Smithsonian 
Institution Press, 1973 For sale by US Government 
Printing Office) $2 85 [56 

Research Communications in Chemical Pathology 
and Pharmacology, Vol 5, Supp 1 The Molecular 
and Ionic Basis of Altered Myocardial Contractlity 
By Fichard J Kones Pp 84 (Westbury NY 
PJD Publications, Ltd , 10 Oakdale Drive, 1973 ) [66 

1972 Annual Report of the National Muluple 
Sclerosis Society Pp 32 (New York National 
Multiple Sclerosis Society, 257 Park Avenue South 
1973 ) : 166 

Comptes Rendus des Travau% du Laboratoire 
Carlsberg Vol 39, No 5  Hydrogen-Deutenum 
Exchange in 8-Lactoglobulin and Its N-Ethylmaleimide 
Derivative By G B Ralston Pp 65-82 Vol 39, 
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No 6 Further Studies on Vacuole Formation in 
Tetrahymena pyriformis GL By Jytte R Nilsson 
Pp 83-110+1 plate Vol 39, No 7 _ Induction of 
Differentiation in Acanthamoeba by Inhibitors By 
Robert J Neff and Ruth H Neff Pp 111-168 
(Copenhagen Danish Science Press, Ltd, 1972) 
1150 D kr each part [66 

Polish Academy of Sciences—Cracow Branch 
Documentation Centre for Physrography Studies of 
Documentation Centre for Physiography, Vol 2 
Endangering and Protection of the Natural Environ- 
ment Pp 339 (Cracow Polish Academy of 
Sciences, 1973) [66 

United States Department of the Interior Geo- 
logical Survey Techniques of Water-Resources In- 
vestigations of the United States Geological Survey 
Book 4 Hydrologic Analysis and Interpretation 
Chapter B3 Regional Analyses of Streamflow Charac- 
teristics By H V Riggs Pp v+15 Water-Supply 
Paper 2108 Surface Water Supply of the United 
States, 1966-70 Part 3 Ohio River Basn Vol 2 
Ohio River Basin from Kanawha River to Louisville, 
Kentucky Pp vin+700 $3 (Washington, DC 
Government Printing Office, 1972 and 1973) [76 

Canada_ Department of Energy, Mines and Re- 
sources Geological Survey of Canada Paper 71-42 
Geology of Port Aux Basques Map-Area, Newfound- 
land By J W Gillis Pp i146 75 cents Paper 
72-10 Proterozoic Flood Basalts of Eastern Lake 
Superior The Keweenawan Volcanic Rocks of the 
Mamainse Point Area, Ontario By R N Annells 
Pp 51 $250 Paper 72-49 Palynological Studies 
in Central Sasxatchewan Pollen Stratigraphy from 


Lake Sediment Sequences By R J Mott Pp v+ 
14 $250 (O.tawa Information Canada, 1972 and 
1973 ) [86 


Fisheries Research Board of Canada Technical 
Report No 377 Survival and Condition of Lobsters 
in a Tide Pond Related to Feeding, Cover and Stock 
Density By D R McBurney and D G Wilder 
Pp 59 (St Andrews, NB Fisheries Research Board 
of Canada Biological Station, 1973 ) [116 

The Engineering Industries in OECD Member 
Countries New Basic Statistics, 1963-1970 Vol 2 
Principal Factors of Production Pp 93 (Paris 
OECD, London HMSO, 1973) 11 francs, 90p 
$2 50 [116 

United States Department of the Interior Geo- 
logical Survey Professional Paper 675 Landslides 


in the Vicinity of Fort Randall Reservoir, South 
Dakota By Christopher F Erskine Pp i1v+65+ 
5 plates $375  Water-Supply Paper 1586-J Tracer 


Simulation Study of Potential Solute Movement in 
Port Royal Sound, South Carolina By F A 
Kilpatrick and T R Cummings Pp w+27 
55 cents (Washington, DC Government Printing 
Office, 1972 and 1973) (116 

Deutsche Forschungsgemeinschaft Tatigkeitsbericht 
DFG 1972 Pp 315 Programme und Projekte 
Deutsche Forschungsgemeinschaft, 1972 Pp 768 
(53 Bonn-Bad Godesberg, Kennedyallee, 40 Deutsche 
Forschungsgemeinschaft, 1973 ) [116 

Nestle Research News 1972 Pp 105 (Lausanne 
Nestle Products Technical Assistance Co, Ltd, Tech- 
nical Documentation Center of Research and Develop- 
ment Department, 1973) [116 

Oficina de Ciencias de la Unesco para America 
Latina Actas del Seminario sobre la Ensenanza de 
la Quimica, Montevideo, 10-15 Julio de 1972 
Pp 181 (Montevideo Oficina de Ciencias de la 
Unesco para America Latna, 1972) [126 

National Museums of Canada—National Museum 
of Man Canadian Centre for Folk Culture Studies 
Paper No 4 Folk Narrative Among Ukrainian- 
Canadians in Western Canada By Robert B 
Klymasz Pp v4-133 Archaeological Survey of 
Canada Research Report No 1 Pp u+51 Paper 


No 6 Archaeology of the Lake Harbour District, 
Baffin Island By Moreau S Maxwell Pp 1x+362 
Paper No 7 A Technological Approach to Lithic 
Artifacts from Yukon Terrtory By Richard E 
Morlan Pp 44 Paper No 8 The Roebuck Pre- 
historic Village Site Rim Sherds—an Attribute 
Analysis By James F Prendergast Pp 59 
(Ottawa National Museums of Canada—National 
Museum of Man, 1973) [126 

World Meteorological Organization Technical 
Note No 124 The Use of Satellite Pictures in 
Weather Analysis and Forecasting By Ralph K 
Anderson et al Pp 275 (WMO No 333) 
(Geneva WMO, 1973) [136 

Institut Royal Météorologique de Belgique Pub- 
lications, Série B, No 70 Les Nuages dans la 
Littérature Francaise Par Louis Dufour et René 
Poupart Pp 32 Publications, Série A, No 79 
Etude Hydrométéorologique des Précipitations sur 
Les Bassins Hydrographiques Belges V_ Bassin de 
VAmbléve Par Franz Bultot et Gérard L Dupriez, 
avec Ja collaboration de Nicole Bleuman Pp 62 
(Bruxelles Institut Royal Meteorologique de Bel- 
gique, 1973) [136 

US Foreign Policy for the 1970s Shaping a 
Durable Peace (A Report to the Congress by 
Richard Nixon, President of the United States, May 


3, 1973) Pp 78 (Washington, DC The White 
House, 1973) [136 

Geothermal Energy Review of Research and 
Development (Earth Sciences, 12) Pp 186 (Paris 
mes London HMSO, 1973) 56 francs, ^ i 


United States Department of the Interior Geo- 
logical Survey Professional Paper 585-A Hydro- 
logic Investigations of Prairie Potholes in North 
Dakota 1959-68 By W S Eisenlohr, Jr et al 
Pp x+102 Professional Paper 740 Paleozoic and 
Precambrian Rocks of Alaska and Their Role m its 
Structural Evolution By Michael Churkin Jr 
Pp iv-F64 90 cents  (Wasbington, DC Govern- 
ment Printing Office, 1972 and 1973) [136 

World Health Organization Technical Report 
Senes, No 520 Reproductive Function in the Human 


Male—Report of a WHO Scientific Group Pp 34 
(Geneva WHO, London HMSO, 1973) 4 Sw 
francs, 50p, $1 20 [146 


United States Department of the Interior Geo- 
logical Survey Bulletin 1361 An Integrated System 
of Geologic Mapping and Geochemical Sampling by 
Light Aircraft By C L Sainsbury, K J Curry and 
J C Hamilton Pp iv+28+2 plates 90 cents 
Professional Paper 743-B Stratigraphic Distribution 
of Significant Eocene Palynomorphs of the Mississippi 
Embayment By Robert H Tschudy Pp u1+24+ 
4 plates 75 cents Professional Paper 774-A 
Reconnaissance Geology of the Northern Yukon- 
Koyukuk Province, Alaska By William W Patton, 
Jr Pp m+17 Water-Supply Paper 2099-D 
Appraisal of Ground Water for Irrigation in the 
Little Falls Area, Morrison County, Minnesota By 
John O Helgesen Pp iv+40+1 plate $125 
(Washington, DC Governmert Printing Office, ae 

Smithsonian Contributions to Zoology No 141 
Morphology of Cypretta kawata Sohn and Kornicker, 
1972 (Crustacea, Ostracoda), with a Discussion of 
the Genus By I G Sohn and Lous S_Kornicker 
Pp 28 45 cents No 144 The Behavior of 
Ocellated Antbirds By Edwin O Wills Pp 57 
90 cents (Washington, DC Smithsonian. Institution 
Press, 1973 For sale by US Government Printing 
Office ) [156 

Mitteilungen ais der Biologischen Bundesanstalt fur 
Land- und Forstwirtschaft, Berlin-Dahlem Heft 147 
Zeitschriften und Serien. zur Dokumentatiof und 


NATURE VOL 245 SEPTEMBER 21 1973 


Bibliographie der Pflanzenschutzliteratur Zusam- 
mengsstellt von G Kursawe Pp 41 Heft 148 
Chranik zum 75 Jahrigen Julilaum der Biologischen 
Bundesanstalt fur Land- und Forstwirtschaft Pp 66 
(Bertn-Dahlem Biologische Bundesanstalt für Land- 
und Forstwirtschaft, 1973) [156 

United. States. Department of the Interior Geo- 
logical Survey Bulletin 1332-A A Preliminary 
Report on the Geology and Gold Deposits of the 
Rochford District, Black Hills, South Dakota By 
Richard W Bayley Pp iv+24+1 plate Bulletin 
1378 Geochemical Prospecting Using Water From 
Small Streams in Central South Carolina By Henry 
Bel, III, and George E Siple Pp 1v+26+2 plates 
Prafessional Paper 486-J  Geohydrology of the 
Needles Area, Arizona, Califorma, and Nevada By 
D G Metzger and O J Loelz Pp iv+54+ 
3 plates Professional Paper 585-D Vegetation of 
Prairie Potholes, North Dakota, in Relation to 
Quality of Water and Other Environmental Factors 
By Robert E Stewart and Harold A  Kantrud 
Pp iv--35 60 cents Professional Paper 645 Strat- 
graphy and Ammonite Fauna of the Graneros Shale 
and Greenhorn Limestone Near Pueblo, Colorado 
By Wiliam A Cobban and Glenn R Scott 
Pp v+108+39 plates $425 (Washington, DC 
Government Printing Office, 1972 and 1973) [156 

World Health Organization International Agency 
for Research on Cancer _ Transplacental Carcino- 
genesis Edited. by L Tomatis, U Mohr and 
W Davis (Proceedings of a Meeting held at the 
Medizinische Hochschule, Hannover, Federal 
Republic of Germany, 6-7 October, 1971) Pp xim-+ 
180 (Lyon International Agency for Research on 
Cancer, 1973 Distributed by WHO, Geneva, and 
HMSO, London) 40 Sw francs, £5, $12 [156 

Cryogenic Technology, Inc — 1972 Annual Report 
Tp 8 (Waltham, Mass Cryogenic Technology, 
Inc, 1973) [156 

OECD The Research System Comparative Sur- 
vey of the Organization and Financing of Funda- 
mental Research Vol 2 Belgium, Netherlands, 
Norway, Sweden, Switzerland Pp 195 (Paris 
Unesco, London HMSO, 1973) 27 francs, £2 38, 
$675, 1690 DM [186 

United States Department of the Interior Geo- 
logical Survey Bulletin 1349 General Geology of 
the Hahns Peak and Farwell Mountain Quadrangles, 
Routt County, Colorado By Kenneth Segerstrom 
and E J Young With a discussion of “Upper 
Triassic and Pre-Morrison Jurassic Rocks" by G N 
Pipiringos Pp v+63+1 plate (Washington, DC 
Government Printing Office, 1972) [186 

University of Helsinki, Department of Meteorology 
Papers No 120 Experiments on the Measurement 
of Areal Precipitation by Radar By E Jaula and 
T Puhakka Pp 23 No 121 On the Accuracy 
of Radar Rainfall Measurements By E Jaula and 
T Puhakka Pp 13 No 122 Experimental Study 
on the Measurement of Snowfall by Radar By E 
Jaula Pp 10 (Helsinki University of Helsinki, 
Department of Meteorology, 1973 ) [186 

Recueil de Travaux du Bureau International des 
Poids et Mesures Volume 3, 1971-1972 (Sevres, 
France Bureau International des Poids et Mesures, 
1973) [186 


Background Study for the Science Council of 


Canada Special Study No 27 Essays on Aspects 
of Resource Policy Pp 113 (Ottawa  Informa- 
uon Canada, 1973) $250 [196 


CERN—European Organization for Nuclear Re- 
search CERN 73-6 Two Devices for Operator 
Interaction in the Central Control of the New CERN 
Accelerator By F Beck and B Stumpe Pp m+ 
13 (Geneva CERN, 1973) [196 
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APPOINTMENTS VACANT 


EXECUTIVE EDITOR 


The Australian and New 
Zealand Association for 
the Advancement of 
Science 


ANZAAS 


require the services of an Executive Editor for 
their journal, Search The journal publishes 
articles tn both the natural and social sciences 
and emphasizes the interaction of science and 
technology with society Applicants should 
have experience in science journalism and be 


familiar with the organtzatton and production of 
periodicals 


The position offers opportunities both for the 
further development of Search and for participa- 
tion in a wider range of publishing activities on 
the part of the Association The position is 
offered for three years Future involvement 
will depend on the success in the three years 
period 


Salary will be negotiable in the range between 
$A9,048 and $A10,545 Reasonable removal 
expenses will be borne by the Associaticn It is 
expected that the successful applicant will begin 
duties at che Sydney office of the Association not 
later than January 1974 


Apply stating full name, date of birth, qualifica- 
tions and experience, to the General Secretary, 
ANZAAS, 157 Gloucester Street, Sydney, Aust- 
ralia 2000 For further informaticn ring or write 
pate Secretary at above address Tel 27 


(810) 





RESEARCH INTO AMENITY 
GRASSLANDS 


Applications are invited for a two-year appoint- 
ment to undertake a project designed to identify Jines 
of research potentially helpful in amenity grass man- 
agement 

The successful candidate would need to have good 
powers of expression and an ability to consult people 
with an extensive range of scientific disciplines and 
atutudes, and would probably have expertise in 
botany and agronomy He would be based at Monks 
Wood Experimental Station, Abbots Ripton, Hunting- 
don, and would receive guidance from a small super- 
visory committee 

The scope of the project would be 

(a) To assess the importance of a wide range of 
amenity grassland and the economics of its formation 
and maintenance 

(b) To review critically the relevant scientific re- 
search and its potential application to the problems 
associated with amenity grassland 

(c) To explore the feasibility and promise of the 
various possible new research approaches and decide 
on their priorities 

The post is graded Senior Scientific. Officer 

Applicants should be at least 25 and under 32 and 
have a good honours degree with at least four years 
postgraduate or other approved experience 

Salary £2,615 to £3,640 

Starting salary may be above the minimum 

Application forms may be obtained from J] H 
Morton, Establishments Division, Natural Environ- 
ment Research Council, 27-33 Charing Cross Road 
London WC2H 0AX 

Closing date October 8, 1973 (757) 


Department of Agriculture and Fisheries, 
for Scotland 
Royal Botanic Garden, Edinburgh 


Fungal Taxonomist 


E Initiate taxonomic research on section of 
Ascomycetes B Maintain relevant culture collec- 
tion BI Extend knowledge of other fungi m Identify 
specimens referred to in Garden. 

(] Degree or equivalent in Botany, preferably good 
honours ( Postgraduate experience O Age under 32 
D Appointment as Senior Scientific Officer (£2,615 — 
£3,640) or Higher Scientific Officer (£2,076 — £2,667) 
according to age, qualifications and experience O Ref 
SA/3/DLD r3 Closing date 13 October 1973 


Tropical Plant 
Taxonomist 


E Initiate and conduct taxonomic research on 
tropical groups, partjcularly Ericales m Answer 
enquiries E Advise staff on growing tropical plants. 
C) Ist/2nd honours degree or equivalent ın Botany D At 
least 4 years’ postgraduate experience O Age under 32 
CL) Appointment as Senior Scientific Officer (£2,615 - 
£3,640) I Ref SA/4/DLD © Closing date 13 October 


1973 


mg Gain experience in curation, maintenance, 
loans, exchanges B Conduct taxonomic research 
on Ericales. 

rj; Degree or equivalent in Botany © Age under 27 
3G Appointment as Scientific Officer (£1,318 - £2,177) 
n Ref SA/5/DLD © Closing date 13 October 1973 

(J Application forms from Scottish Office Establishment 
Division, Room 172, St Andrew’s House, Edinburgh 
EH 3BX, telephone 031-556 8501 ext 2621 


Overseas Development Administration 
Tropical Products Institute, London 


Chemist/Biochemist 


E In section working on production of concentrated 
animal feed from local resources ın developing 
countries BI Quality control of products B Advice 
on nutritional problems E Some overseas travel 
may be required. 

` Degree;HNC Chemistry, Biochemistry or other 
relevant subject ~ Experience in animal nutrition or 
feedstuffs or quality control work an advantage (i: Age 
normally under 30 _, Appointment as Scientific Officer 
(£1,493 - £2,352) or Higher Scientific Officer (£2,251 — 
£2,842) according to qualifications and experience 
t! Ref SA,8:JD 1; Closing date 13 October 1973 

(2 Application forms from the Administrative Secretary, 
Tropical Products Institute, 127 Clerkenwell Road, 
London EC1 


E 4 


CIVIL SERVICE 
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Pharmacologists 


Bayer AG, one of the world’s largest re- 
search orientated companies, wishes to recruit 
two additional pharmacologists to work in 
Germany Bayer Pharmaceuticals’ research ıs 
carried out in a new £8 million research centre 
in. Elberfeld near Dusseldorf The successful 
applicants will either be involved with work on 
the central nervous system or with cardiovas- 
cular pharmacology Experience in these fields 
would be an advantage, but new graduates are 
invited to apply Aknowledge of German is not 


essential. 


The position will be permanent and offers 
an attractive and competitive salary There is an 
annual bonus with yearly salary-related in- 
crements and an excellent group pension 
scheme All relocation expenses will be paid 

Please apply in the first instance to 


Dr H B Allen, 


Medical Director, 


Bayer Pharmaceuticals Limited, 
Haywards Heath, Sussex 


STERUNGAWINTHROP 


J bE GROUP xoc IO IK ae 





A vacancy exists in the Chemical Research 
Department of the Sterling Winthrop 
Research and Development Division for a 
young organic chemist (probably under 
the age of 25) 


This ıs an opportunity to join an expand- 
ing group involved in the synthesis of 
a wide range of organic compounds 
The work is both interesting and challeng- 
Ing 

Formal qualifications and a sound know- 
ledge of chemistry are obvious advantages, 
but a practical aptitude and the ability 
to work without supervision would be 
the prime requisites 


The Division is situated in Northumber- 
land within easy reach of both country 


3c HE EE I okc oec OE AE AE AE ake E AE E AE KK 


Organic Chemist 


and coast Housing is relatively inexpen- 
sive compared with some parts of the 
country and the area provides scope for a 
wide range of physical and cultural 
pursuits 


Salary and other conditions are those 
expected of an expanding international 
organisation 


. 
Please write or telephone for an appli- 
cation form to 


Mrs Mary Cape, 

Sterling Winthrop Research and 
Development Division, 
Edgefield Avenue—Fawdon, 
Newcastle upon Tyne NE3 3TT 
0632-853931 
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NEWCASTLE UNIVERSITY HOSPITALS 
ROYAL VICTORIA INFIRMARY 
SUPRA-REGIONAL RADIOIMMUNOASSAY CENTRE 
HOSPITAL BIOCHEMIST (Basic Grade) required for duties gn the above Unit, 


which 1s concerned with the estimation of Peptide Hormones 


Experience in 


Radioimmunoassay an advantage but not essential 


Applicants should have completed their probationary pertog 


Whitley Council conditions of service Salary scale £1,704 to £2,370 per annum 
. 


Applications, with full details, including age and previous experience, should 


be forwarded to the Secretary, General Sub-Group, 


Newcaséle upon Tyne NEI 4LP 


Royal Victoria Infirmary, 


(809) 
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UNIVERSITY OF MANCHESTER 
INSTITUTE OF SCIENCE AND 
TECHNOLOGY 


DEPARTMENT OF MATHEMATICS 


RESEARCH ASSISTANT IN THE 


MATHEMATICAL PHYSICS GROUP 
(REF M/412) 


Applications are invited for the temporary post of 
Research Assistant in Theoretical Quantum Optics 
The person appointed will work directly with Pro- 
fessor R K Bullough on the theory of ultra-short 
(10-9-10-13 s) optical pulse propagation and pro- 
duction or on closely related problems Candidates 
should preferably be of postdoctoral status with a 
background in Computational Physics, in Applied 
Mathematics with interests in non-linear wave theory, 
or in Theoretical Physics High energy theoretical 
physicists wishing to change their field or ‘experi- 
mental theorists’ with strong laser physics should 
also apply In an exceptional case opportunity may 
exist to complete a PhD of the University of 
Manchester The appointment will be for one year 
in the first instance with the possibility of renewal 

Salary £1,575 X £75—£1,650 per annum 

Applications, giving curriculum vitae and the names 
of two referees, should be addressed to Professor 
R K Bullough, Department of Mathematics, Univer- 
sity of Manchester Institute of Science and Techno- 
logy, Sackville Street, Manchester M60 1QD, quoting 
Reference M/412/A1 
October 12 1973 


UNIVERSITY OF HONG KONG 


LECTURESHIP IN INDUSTRIAL 
ENGINEERING 


Applications are invited for a post of Lecturer in 
Operational Research and Statistics in the Department 
of Industrial Engineering 

Applicants should have a first degree in mathe- 
matics science or technology with research experience 
or a second degree in operational research, and 
should have a minimum of two years in industry or in 
an institution with industrially orientated work 
Experience in applications of statistical techniques 
will be an advantage 

Annual salary (superannuable) is HK$10,800x 
2,760—46,320 BAR 49,080 2,760—68,400 

At the time of issue the rate of exchange is £1— 
HK$12 55 approx 

Starting salary will depend on qualifications and 
experience Salaries for female appointees below 
HK$62,880 are slightly lower than given above 
equalization of male and female salary scales will be 
achieved by April 1, 1975 

Further particulars and application forms may be 
obtained from the Secretary-General, Association of 
Commonwealth Universities (Appts), 36 Gordon 
Square London WCIH OPF, or the Secretary to the 
Council, University of Hong Kong 

Closing date for applications 1s October 31, 3) 


Closing date for applications 
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AUSTRALIAN NATIONAL 
UNIVERSITY 


Applications are invited for the following 


RESEARCH SCHOOL OF 
PHYSICAL SCIENCES 


RESEARCH FELLOW/SENIOR RESEARCH 
FELLOW IN NUCLEAR PHYSICS The Depart- 
ment of Nuclear Physics, which has an academic 
Staff of eighteen headed by Professor J O Newton, 
carries out work in nuclear structure physics At 
present, main research activities are in the broad 
areas of heavy-ion interactions, direct interactions 
and nuclear spectroscopy 


The principal accelerator 1s an EN (6MV) Tandem 
which ts provided with a negative ton injector cyclo- 
tron (26 MeV protons and 13 MeV deuterons) and 
a polarized ion source, in addition to the regular 
gas and lithium exchange source 


A 14UD Tandem Accelerator (14 MV Terminal) 
was installed during 1973 and is currently being 
commissioned It is expected to be operational for 
experimental applications by early 1974 Closing 
date October 31, 1973. 


RESEARCH FELLOW/SENIOR RESEARCH 
FELLOW IN SOLID STATE PHYSICS The De- 
partment of Solid State Physics at present has an 
academic staff of seven, headed by Professor W A 
Runciman The principal research interests of the 
Department include optical and Móssbauer studies 
in high magnetic fields of insulating materials, in- 
cluding nnnerals and magnetically ordered crystals 
Preference may be given to a candidate with experi- 
ence of electron paramagnetic or antiferromagnetic 
resonance, or solid state optical spectroscopy Closing 
date October 26, 1973. 


SALARIES Salary on appointment wil be in 
accordance with qualifications and experience within 
the ranges Senior Research Fellow $412,778 to 
$415,116 per annum (3 by 390, 2 by 389, 1 by 390), 
Research Fellow $A8,698 to $A11,901 per annum 
(2 by 641, 2 by 640, 1 by 641) Current exchange 
rates are approximately $A1 55p sterling,$US1 41 

OTHER CONDITIONS Tenure of appointment as 
Senior Research Fellow and Research Fellow is 
normally for three years in the first instance with 
the possibility of extension to a maximum of five 
years 


Reasonable travel expenses are paid and assistance 
with housing is provided for an appointee from 
outside Canberra Superannuation 1s on the FSSU 
pattern with supplementary benefits 


The University reserves the right not to make an 
appointment or to make an appointment by invitation 
at any time 


Further information should be obtained from the 
Association of Commonwealth Universities. (Appts ), 
36 Gordon Square, London WCIH OPF j 
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UNIVERSITY OF THE WEST INDIES 
JAMAICA 


Applications are invited for post of STATISTI- 
CIAN at the level of Lecturer in the FAMILY 
PLANNING PROGRAMME ım the Department of 
Social and Preventive Medicine The appointment 
us from January 1, 1974, or as soon as possible 
thereafter to ‘September 30, 1977 The Statistician 
will be a member of a team involved in research 
and t:raming in family planning and population 
dynamics, action oriented, and functioning in 
collaboration with the National Family Planning 
Board, appropriate university departments, and other 
relevant groups Applicants should have a degree 
1n staustics, and expertise and expenence in teach- 
ing and use of statistics, ın sampling procedures and 
research methodology Other relevant experience 
will be of advantage Salary scale £1,850 to £1,660 
per annum Child allowance Unfurnished accom- 
modation will be let by the University at a rental 
of 10 per cent of salary Detailed applications 
(3 copies), including a curriculum vitae. and naming 
3 referees, should be sent by atrmail as soon as 
possible to the Registrar, University of the West 
Indies, Mona, Kingston 7, Jamaica 

Further particulars are obtainable similarly Under 
the terms of the funding of this programme, passages 
are not paid from overseas (749) 








UNIVERSITY OF GLASGOW 


DEPARTMENT OF BACTERIOLOGY AND 
IMMUNOLOGY 
(WESTERN INFIRMARY) 


A vacancy exists for a POSTDOCTORAL RE- 
SEARCH ASSISTANT or HONOURS GRADUATE 
(First or 21 class ın one of the biological sciences) 
The project will involve experimental work on cell- 
mediated immune reactions in the small intestine 
and 1s supported by a grant from the National Fund 
for Research into Crippling Diseases The appoirt- 
ment will be for 3 years in the first instance, enabling 
the successful candidate to register for a higher 
degree 1f appropriate 

Salary commensurate with qualifications and ex- 
perience up to maximum starting salary of £1,764 
per annum (with superannuation, FSS U) 

Inquiries and application to Professor R G White, 
Department of Bacteriology and Immunology Wes- 
tern Infirmary, Glasgow G11 6NT (or telephone Dr 
Anne Ferguson—041-339 8822, ext 222) In reply, 
please quote Ref No 3357M (764) 


Research 
Assistant 


Department of Chemistry 


The Huntingdon Research 
Centre 1s the recognised interna- 
tional leader 1n contract research 
in the life sciences. As part of our 
planned development pro- 
gramme, we now seek an addi- 
tional young man or woman with 
“A” level or ONC qualifications, 
necessarily including chemistry. 
Previous experience of analytical 
chemistry in industry or any 
other environment would be *a 
distinct asset. 

You will enjoy full training in 
analytical techniques applied to 
pesticide residues, trace metals 
and pharmaceuticals, Attractive 
career opportunities 
exist for the ambi- 
tious including the 


opportunity for further education 
if desired Our laboratories are 
modern and well equipped 
The Centre ıs located near 
Huntingdon in an attractive part 
of the country with good access 
to London by road and rail. 
We offer excellent working con- 
ditions together with progressive 
general benefits, a competitive 
salary and the usual pension and 
other fringe benefits 
Please write or telephone for 
an application form to John 
Halliday, Personnel Officer, Hun- 
tingdon Research Centre, Hun- 
tingdon, PE18 6ES, Tel. Woolley 
(STD 048 086) 4315 
quoting reference 
number 264. 


Huntingdon Research Centre 


Wellcome 


Biochemist 


Department of Helminthology 


to work on Interesting problems concerned with the 
metabolic processes of helminths and the mode of action of 
anthelmintic substances Candidates should have a suitable 
general Biochemical background, preferably with post- 
graduate research experience An interest in parasitology 
would be advantageous but is not regarded as essential The 
successful candidate will be able to carry out and publish 
interesting éundamental research work. 


The Laboratories are situated in pleasant parkland 
surroundings within easy reach of Bromley, London and 
Croydon, and general conditions of employment are 


excellent , 


Please write, giving brief details of relevant experience, to 
The Personnel Manager, The Wellcome Research 
Laboratories, Langley Court, Beckenham BR3 3BS. 


(807) 


(769) 
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UNIVERSITY OF GLASGOW 


LECTURESHIP IN PATHOLOGICAL 


BIOCHEMISIRY 
AT THE ROYAL INFIRMARY, GLASGOW 


Applications are invited from medically or scien- 
ufically qualified persons for a Lectureship im Patho- 
logical Biochemistry at the Royal Infirmary Glas- 
gow Salary will be on the Lecturers’ scale of 
£1,929 to £4,548 per annum, in the case of those 
with a medical qualification the maximum on the 
Lecturers’ scale for clinical teachers 1s £4,875 per 
annum In both cases placement will be according 
to qualifications and experience Should the suc- 
cessful applicant have a medical qualification his 
clinical grading will be determined by the Western 
Regional Hospital Board FSSU 

Applications (twelve copies) should be lodged not 
later than October 19, 1973, with the undersigned 
from whom further particulars may be obtained 

In reply please quote Ref No 3353M 

ROBT T HUTCHESON, 
Secretary of the University Court 
(755) 
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ASSISTANT OR ASSISTANT 
LECTURER 
Applications are invited for the position of Assis- 
tant or Assıstant Lecturer ın the above Department 
Candidates should be graduates ın microbiology, 
botany or biochemistry who have specialised in 
quired to teach and co-operate with a team studying 
the physiology and fine structure of fungi 
Salary scale will be in the range 
Applicants should submit not later than Octo- 
ber 1 a curriculum vitae, together with the names 
of at least three referees (who are familiar with the 
Mr J P MacHale, 
Secretary and Bursar, 
The Radiochemical Centre Limited, which provides high technology University College, 
medical products for world markets, has a major research and Dublin 4, 
from whom further particulars may be iiam 
(7. 
radioimmunoassay and related techniques in the field of chemical 
pathology This is aimed at the extension of the wide range of products 
which are already playing increasingly important roles in the DEPARTMENT OF ELECTRICAL AND 
ELECTRONIC ENGINEERING 
We have set up a multi-disciplinary development team, but further VISUAL PATTERN RECOGNITION 
growth calls for additional innovative scientists with a versatile approach EON aii cet, DRY. - MuR DOREM pe 
to research and development who can make a personal contribution psychologists for a further research post m a team 
conducung research on human vision under condi- 
It is likely that people in the following fields, who are in their mid to M oii ie 10 rentet tor dee dm CUR 
late 20's and feel that their qualities fit them to contribute to the an SRC Studentship 
programme would be interested in this opportunity ACERO IE MODE Mo Peas E T. Bude 
Department of Electrical Engineering, University of 
Nottingham, University Park, Nottingham (768) 
human biochemistry ARP RECON CORE. MA Rate oS ee 
natural products chemistry 
physico-organic chemistry 
scales offering prospects to £4800 and beyond 
Please ring Little Chalfont 4444 or write to Dr T E Forsterforan 
application form and further information 


UNIVERSITY COLLEGE DUBLIN 
DEPARTMENT OF INDUSTRIAL 
MICROBIOLOGY 
mycology The successful candidate will be re- 
Assistant, £1,911 by £97 to £2,105, Assistant Lec- 
turer, £2,195 by £122 to £3,049 
A non-contributory pension scheme and family 
allowances are additional to salary 
applicant’s qualifications and experience), to 
Belfield 
development programme under way In support of the application of 
UNIVERSITY OF NOTTINGHAM 
advancement of medical diagnosis 
Applications are invited from electronic or com- 
within the framework of the whole progfamme tuons of poor visibility The successful applicant 
Closing date for applications October 15 1973 
clinical biochemistry 
Starting salaries will be between £2500 and £3000 on progressive 
The Radiochemical Centre 
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77 Amersham Bucks 


(824) 
The Pharmaceutical Division of Fisons Limited 1s responsible for a leading range 
of animal health produc.s of which sales are increasing both at home and 
Overseas 
This new appointment, in our Research ard Development Laboratories in 
Loughborough, wall be made ın order to assist in the successful exploitation 


of new anti-inflammatory veterinary drug as well as other new and existing 


products both in the UK and abroad 

We are looking for a Veterinary Surgeon who can provide technical leadership 
m our existing development and marketing plans His prime duties will be 
the assessment of new or improved products and their progression to 
successful marketing based on appropriate field trials, the handling of technical 


enquiries, and the provision of technical briefs for veterinary representatives 
He must be prepared to use his passport from time to time and therefore, 
knowledge of another language would be useful Obviously, previous 
experience of technical service product development and the organisation 
of field trials would be an advantage 

The Adviser will report to the Head of Development Group, but must be able 
to demonstrate that he 1s capable of working on his own initiative in that 
development of new and existing products 

Salary 1s difficult to assess for this position as it depends considerably on the 
contribution individual apphcants could make — we have some ideas but 
convince us of your value and we will negotiate The fringe benefits are those 
which are normally associated with International companies, and will include 
some relocation expenses where necessary 

If you are suitably qualified and are interested in this appointment, please 
contact Mr John Mills, Personnel Manager, Fisons Limited, Pharmaceutical 
Division, Research & Development 


Laboratories, Bakewell Road, 
Loughborough, Leices ershire 
Tel Loughborough 66361 
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FLINDERS UNIVERSITY OF 
SOUTH AUSTRALIA 


SCHOOL OF MEDICINE PAISLEY COLLEGE OF TECHNOLOGY 


SENIOR LECTURERS and LECTURERS m the 
Section of HUMAN BIOLOGY of the SCHOOL OF DEPARTMENT OF CIVIL ENGINEERING 
MEDICINE The Section of Human Biology com- 


prises the fields of CLINICAL BIOCHEMISTRY, 
MORPHOLOGY and PHYSIOLOGY It 1s en- 


visaged that three imitial appointments will be made 
in each of these fields The first stage buildings 
for this new school, which will be integrated under 


one roof with its 700-bed teaching hospital on campus 


as the FLINDERS MEDICAL CENTRE, wil be 
ready in July, 1974 A highly integrated under- 
graduate medical curriculum ıs planned and the first 


64 medical students will enter the Centre 1n. March 
1975 In addition, postgraduate degrees in the 
medical sciences will be offered 


The following professors have been appointed and Applications are invited for the above post from persons—who should 


are available for consultation 
PROFESSOR G J FRAENKEL, Chairman and have a good Honours degree—interested ın a branch of Civil Engineering 


Dean, School of Medicine, The Flinders University or in teaching Geology 
of South Australia, Bedford Park, South Australia, 


5042, Australia The teaching wor e de 

PROFESSOR M N BERRY will take up his g k of the department ıs largely devoted to BSc degree 
appointment as Professor of Clinical Biochemistry courses with about 200 full-time students 
in January, 1974 Clinical Biochemistry will pro- 
vide the biochemical diagnostic services for the Salary 
Centre and research activities will include both 
basic and clinical investigation of the regulation of Grade I Lecturer, £1,797—£3,825 


metabolism in health and disease In particular, 
the relationships between cell structure and func- Senior Lecturer, — £3,849—£4,617 


uon, the metabolic derangements of diabetes 
mellitus and the biochemistry of alcohol and other placement depending on teaching and/or industrial experience 


drugs will be studied Address Department of 


Pathology and Cardiovascular Research Institute, Application form and further particulars from Establisment Section, 

IN Rienda TESTE Centre, San Paisley College of Technology, High Street, Paisley (041-887 1241), quoting 
PROFESSOR L B GEFFEN has already taken Ref N/13/1 Closing date Octobef 8, 1973 

up his appointment as Professor of Human 

Physiology and is establishing facilities for research (817) 


into basic aspects of chemical transmission in the 
nervous system In particular biochemical, histo- 
chemical and immuno-chemical studies of catechol- 
amines and their role in various disorders are 
being undertaken 

PROFESSOR A W ROGERS will take up his 
appointment as Professor of Human Morphology 
in November, 1973 In the discipline of Morpho- 
logy, research will involve all aspects of com- 
munication between cells advanced equipment will 
be available for auto-radiography, morphometry 
and electron microscopy Address Department of 
Human Anatomy, University of Oxford, South 
Parks Road, Oxford OX1 3QX 


Present salary scales are Senior Lecturer $A12,268 
to $A14,308, Lecturer $A8,698 to $A11,982 


Appointees will be expected to take up their 
posts in July 1974 

Further information may be obtained from the 
Registrar, The Flinders University of South Australia, 
Bedford Park, South Australia 5042, Australa whom 
applications should reach by October 1, Po 










-ARMB i 


The continual expansion in all aspects of life in Zambia presents vacancies for qualified personnel 
All the posts listed below offer attractive salaries, 3 year contracts, free passages for appointed 
candidates and their families, baggage allowances, furnished accommodation at 15% of basic 
salary, and in many cases substantial fringe benefits All salaries earn 25% gratuity and generous 
leave allowances This is an opportunity to widen your professional experience, to assist in the 
challenging work of developing a young nation — and all in the year round sunshine 

















Ministry of Power, Transport and Works 


. Agrometeorologist 


Holding University degree in related field (Maths, Physics, Meteorolo, Geography, Eart 

Science, Biology or Agriculture) and higher degree in Agrometeorology Plus five oars Laat 
experience including design and operation of field experiments, teaching agrometeorology and 
research experience for plant physiology For control of Zambian agrometeorological programme 
~ complete establishment of an Agrometeorological Station Network, carry out agrometeoro- 
logical research, advise on agrometeorological matters and train staff 


UNIVERSITY OF THE SOUTH 


PACIFIC 
FIJI 


Applications are invited for (a) LECTURESHIP 
or (b) ASSISTANT LECTURESHIP IN GEO- 
GRAPHY ın the School of Social and Economic 
Development tenable from the beginning of 1974 
Preference will be given to applicants with an_in- 
terest in tropical agricultural systems, but applica- 
tions will be welcomed from candidates with inter- 
ests in any area of human geography Previous field 
experience in the Pacific region would be advan- 
tageous Salary scales (a) $F4 700 to $F6,300 per 
annum, (b) $F3,400 to $F4,400 per annum (£I 
sterling=$F199) 10 per cent annual gratuity for 
contract appointment, superannuation contribution 
partly furnished accommodation at rental of 15 per 
cent of salary, appointment allowance Contracts 
may be for 2, 4 or 6 years 

Details of form of application, further particulars, 
and outhne of terms of service are obtainable from 
the Registrar (Post 73/37), University of the South 
Pacific, PO Box 1168, Suva, Fin, to whom com- 
pleted applications should be returned as soon as 
possible (750) 













Ministry of Rural Development 


Seeds/Plant Inspector 


Agricultural graduate or equivalent with practical experience on farms growing seed crops 
Responsible for all matters falling under area Seed Act Inspections for Seed Certification schemes 
chiefly maize and groundnuts Promotion of seed-growing activities in area Possibility of plant 
inspection work, enforcement of phytosanitary regulations and Noxious Weed Ordinance 





Ministry of Mines and Mining Development 


Geologist 


To run well-equipped, modern laboratory on a day-to-day basis The Graduate will help the senior 
petrologist in all duties and although running the laboratory is of prime importance opportunities 
may arise for field work Full facilities are available for mineralogical and petrological work and 
defraction artd fluogescence studies Applicants should have thorough knowledge of X-ray 
diffraction, fluorescence and petrography Qualifications include an honours degree in Geology 
and post-graduate petrographic experience in pre-cambrian metamorphic and structural geology 





UNIVERSITY OF READING 
DEPARTMENT OF MICROBIOLOGY 


RESEARCH DEMONSTRATOR 


Applicants should be graduates in Microbiology 
with a main interest in bacteriology The appoint- 
ment is for 3 years from October 1, 1973, and 
carries a salary of £1 047 by £51 to £1,149 per annum 
The Demonstrator is expected to assist in the 
practical class up to a maximum of 8 hours per 
week during term and to engage in research leading 
to a higher degree 

Applications together with curriculum vitae and the 
names of 2 referees should be sent to Dr R M 
Keddie, Department of Microbiology, University of 
Reading London Road, Reading RG1 5AQ (Ref 
TN 50) (785) 










e Please apply by sending full Bersonal and 
professional details and indicating the position 
which interests you to e 
Recruitment Officer, 

Zambia High Commission, 
7/11 Cavendish Place, London WI 
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(ict) Pharmaceuticals Division 
"D 


Experimental 
Officer 


Reaction Studies 


An opportunity has arisen for an Experimental Officer to join a 
Research team working on mechanistic and kinetic studies associated 
with the stability of candidate drugs, patent defense and process 
development in addition he/she will be involved in the 

application of physico chemical expertise to problems arising in our 
Research Departments 


Candidates should preferably be recently qualified (under 26), possess 
a degree or equivalent and have a special interest in physical organic 
chemistry They should be familiar with modern analytical and 
spectroscopic techniques, and previous experience in reaction kinetic 
studies would be a distinct asset, but fiot essential A high degree of 
experimental skill and the ability to plan and execute studies with 
minimal supervision will ultimately be expected 


Pharmaceuticals Division is very attractively situated in rural North 
Cheshire, within easy reach of main road and rail routes Conditions 
of service, career opportunities and assistance given to married men in 
moving home are designed to attract and retain staff of high calibre 


Applications in writing, giving brief details of age, qualifications and 
experience should be addressed to - 


Miss K E Webster, Personnel Officer, 
Imperial Chemical Industries Limited, 


Pharmaceuticals Division, 
Mereside, Alderley Park, 


Macclesfield, Cheshire, SK10 4TG. 





THE QUEENS AWARD 
ISTRY 
1966 1967 1968 1969 1970 1972 


UNIVERSITY OF DUBLIN 





Trinity College 


CHAIR OF PHYSICS 


t. " 





The Erasmus Smith Chair of Natural Philosophy (founded 1724) will fall vacant in October 
1974 following the retirement of the present holder, Dr E T S Walton 


Persons interested in this appointment should write for further particulars to 


The Secretary to the College, 
Tnumty College, Dublin 2, 


completed applications should reach him by October 31, 1973 (743) 


GRADUATE RESEARCH 
ASSISTANT 


required for immunology section to collabor- 
até in studies on the ontogeny of human 
serum proteins Previous laboratory experi- 
ence would be an advantage, but knowledge 
of immunological techniques 1s not required 
Salary in range £1,419 to £1,833 per annum 


Applications should be sent to the Admini- 
Strative Secretary, Paediatric Research Unit, 
Guy's Hospital Medical School, *London SEI 
9RT . * (752) 


Qualified and well-experienced 
TECHNICIAN IN BIOCHEMISTRY 


required to work with a team specialising 
in detection of geneye biochemical disorders 
Applicants should be familiar with enzyme 
assays Experience in techniques involving 
microassays and cell cultures would be an 
advantage Initial® glary in range £1,440 to 
£2,292 per annum plus London Weighting and 


superannuation 
e 


Applications should be sent to the Admini- 
Strauve Secretary, Paediatric Research | Unit, 
Guy's Hospital Medical School, London Bridge 
SE1 9RT (751) 





METALS ABSTRACTS 


The international abstracting service for 
metallurgy 1s still expanding and requires several 
SENIOR EDITORIAL ASSISTANTS The 
work consists of editmg and checking abstracts 
for publication, indexing, and proof-reading 
A science degree, preferably in metallurgy, 
Physics or chemistry, 1s necessary — Ability to 
write good and concise English essential and 
a working knowledge of a foreign language 
would be an advantage 


Applications, stating age, education, qualifi- 
Cations and experience to Dr T Graff, ‘Metals 
Abstracts’, The Institute of Metals, 17 Belgrave 
Square, London SWIX 8PU (565) 





CENTRAL PUBLIC HEALTH LABORATORY 
COLINDALE AVENUE, LONDON NW9 5HT 


HONOURS SCIENCE GRADUATE 
MICROBIOLOGY 


for position of Quality Controller in Media Produc- 
tion Department The successful applicant will be 
responsible for routine testing and control of bac- 
terrological and virological media also the develop- 
ment of new media Experience in microbiology, 
with particular reference to medical bacteriology 
advantageous Participation in some administration 
Cuties 1s expected Salary according to age, qualifi- 
cations and experience Applications, with full 
curriculum vitae, to Personnel Officer at above 
address (772) 





HAUSER RESEARCH AWARD 


Applications are invited from graduates in Biologi- 
cal Science for a RESEARCH ASSISTANTSHIP to 
be sponsored by White Queen Ltd, tenable for one 
year at the Agricultural Research Council's Umit of 
Developmental Botany, 181A Huntingdon Road, 
Cambridge CB3 ODY The work will be concerned 
with the physiology and biochemustry of growth and 
development of the mushroom crop 


Applicants should have a training in laboratory tech- 
niques and a special interest in plant Physiology, 
microbiology or biochemistry Salary up to £1,400 
per annum, depending on qualifications and experi- 
ence The post is not pensionable 


Applications should reach the Unit's Secretary not 
later than October 19, 1973 


Applicants from the Agricultural Research Service 
should submit their applications through their pre- 
sent Directors if they wish to be considered for the 
award of '' public interest ” transfer terms (774) 





UNIVERSITY OF LONDON 


IMPERIAL COLLEGE OF SCIENCE 
AND TECHNOLOGY 
DEPARTMENT OF BIOCHEMISTRY 


The Senate invite applicauons for a Chair in the 
Department of Biochemistry at Imperial College 
The Chair will be either in the field of Phystological 
Biochemustry (the Rank Chair of Physiological Bio- 
chemistry), or in the field of Chemical Microbiology 
It is the intention of the College that the person 
appointed will be Head of the Department for an 
initial period of five years 

Initial salary to be agreed but not less than 
£5,625 a year plus £162 London Allowance 

Applications (10 copies) must be received not later 
than October 19, 1973 by the Academic Registrar 
(ND, University of London, Senate House, WCIE 
7HU, from whom further particulars about the 
Department and its two Chairs may be woo 

(638) 


UNIVERSITY OF SHEFFIELD 
DEPARTMENT OF PHYSICS 


POSTDOCTORAL RESEARCH 
ASSISTANT 


Applications are invited from suitably qualified 
candidates for the above post to work with Dr 
A K Walton on an experimental investigation of 
the localization of semiconductor impurity states at 
very low temperatures (below 1k) by intense mag- 
netic fields (up to 10¢) This post is financed by 
the Science Research Council and will be tenable 
from a date as soon as possible (to be arranged) 
until September 30, 1976 Initial salary up to 
£2223 a year, rising by increments of £165 to 





,£2,553 a year 


Further particulars from the Registrar and Secre- 
tary, The University, Sheffield S10 2TN, to whom 
applications, with the names and addresses of two 
referees, should be sent by October 8, 1973 Quote 
Ref No R73/g (744) 


- 
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Analytical Chemist 


Department of Chemistry 


The Huntingdon Research Centre ıs the recog- 
mised international leader ın contract research in the 
life sciences. As a result of our rapid and continuing 
expansion, we now need an additional Analytical 
Chemistin our Department of Chemistry Candidates 
should possess a relevant qualification (B.Sc , GRIC 
or HNC) and preferably already have analytical 


chemistry experience. The Department performs a 
broad service to industry, particularly in the agro- 
chemical and pharmaceutical areas The successful 
candidate will be involved in the development of 
suitable methods for pesticide residue analysis, trace 
metal analysis, purity evaluation of drugs and allied 
areas of work 


Previous man management ex- 
perience would be an asset as the 
position includes responsibility for 
the supervision of junior staff 


This vacancy provides an ideal opportunity for a 
suitably qualified chemist to build a career in well 
equipped laboratories which use a variety of sophis- 
ticated techniques including gas liquid chro- 
matography, high pressure liquid chromatography 
and UV fluorescence spectrophotometry. 


The Centre is located near Huntingdon ın an 
attractive part of the country with good access to 
London by road and rail We offer excellent working 
conditions together with progressive general benefits, 
a competitive salary and the usual pension and other 
fringe benefits 


Please write or telephone for an application form 
to John Halliday, Personnel Officer, Huntingdon 
"Research Centre, Huntingdon, 
PE18 6ES, Tel Woolley (STD 
048 086) 431, quoting reference 
No 263 


XV 


Huntingdon Research Centre 













Ministry of Agriculture, Fisheries and Food 
MARINE POLLUTION 


Chemist 


. 
*[n expanding Unit, at Burnham-on-Crouch, which advises the Ministry on all 
fishery aspects of marine pollution except radioactivity * Develop analytical 
procedures * Conduct monitoring programmes * Assess waste disposal 
effects * Support biological investigations * Direct involvement in controls 
stemming from international Conventions on waste dumping at sea and 
impending reorganisation of River Authorities 


*|st/2nd hons degree or equivalent in Chemistry * Experience of effluent 
quality control an advantage * Age under 32 * Appointment as Senior Scientific 
Officer (£2615-£3640) * Ref SB/4/AD 


Biologist 


* At Lowestoft * Investigate effects of gravel extraction on fisheries * Study 
biological effects and changes in nature and topography of sea bed using sonar 
techniques * Answer enquiries concerning gravel extraction * Occasional 
sea-going 1n fishing and Ministry vessels 


*st/2nd hons degree in Biology * At least 2 years’ postgraduate experience * 
Training in oceanography desirable * Knowledge of geology ang/or aqualung 
diving experience advantageous * Age under 30 * Appointment as Higher 
Scientific Officer (£2076-£2667) * Ref SB/7/AD 














* e 
APPLICATION FORMS (to be returned by 13 October 1973) from 
Civil Service Commission, Alencon Link Basingstoke Hanes RG21 
1JB, telephone Basingstoke 29222 ext 500 or London 01-839 1992 
(24 hour answering service) Please quote appropriate 
reference 


(805) 





BIOCHEMISTRY TECHNICIAN 


Required to join a team investigating the mode 
of action of pharmacologically-active agents A 
year or mofe’s experience is desirable, but we will 
consider candidates with general biochemical experi- 
ence The post is likely to appeal to those currently 
studying for ON C/H NC or who have recently 
qualified Starting salary will be competitive and 
there are good fringe benefits Encouragement J$ 
given to staff who wish to progress professionally 
We are located about 25 miles from London and 
combine the facilities of a New Town with proximity 
to a pleasant rural environment Development Cor- 
poration housing may be available at economic rent 
to suitable applicants 

Please write, outlining your career to date, to 
John Atkinson, Beecham Research Laboratories, 
Medicinal Research Centre, The Pinnacks, Harlow, 
Essex (827) 





UNIVERSITY OF READING 


TWO RESEARCH ASSISTANTS required in 
Department of Soil Science Applicants should be 
recent graduates in Chemistry (1) To collaborate in 
a programme of studies on the physico-chemical pro- 
perties of tropical soils The work 1s supported by the 
ODA Salary £1,200 pa and appointment for 30 
months commencing on or about October 1 1973 
(2) To collaborate 1n a programme of studies on the 
mechanisms of sorption of phosphate and other 
anions by clays The work is supported by the ARC 
Salary approx £830 40—£910, and appointment for 
three years commencing on or about October 1, 
1973 In both instances opportunity will be provided 
to register for a higher degree 

Apply to Professor D J Greenland, Department 
of Soil Science, University of Reading, London Road 
Reading, from whom further details may be obtained 
(MN65 ) (812) 


UNIVERSITY OF GLASGOW 
DEPARTMENT OF CHEMISTRY 


Applications are invited for an SRC POST- 
DOCTORAL RESEARCH ASSISTANTSHIP for 
work on the synthess of amphiphilic oligomers for 
use in the design of synthetic enzyme systems 

The appointment will be for one year in the first 
instance and within the salary range £1,929 to £2,223 
per annum acc@rding to experience 

Applications, giving a brief curriculum vitae and 
the names of two referees, shou'f be sent to Dr 
A G Cairns Smith, Department of Chemistry, Uni- 
versity of Glasgow, Glasgow G12 8QQ, from whom 
further information can be obtained In reply please 
quote Ref No 3355M (754) 





XVI 


NATURE SEPTEMBER 21 1973 





SCIENTISTS FOR 


Radiological 
protection team 


As members of a small multi-disciplinary team in 
the Food Science Division, London, the successful 
candidates—preferably CHEMISTS or BIOLOGISTS 
—will assist In estimating the significance of 
actual or potential radioactive discharges on food 
and agriculture They will deal with all relevant 
aspects—physical, chemical or biological —of 
controlled and accidental discharges of radioactive 
materials and will be expected to become 
competent to deal fully with nuclear site 
Inspections and to participate in emergency 
procedures Actual personal participation in 
experimental work is however unlikely 


Candidates, aged between 28 and 50, should 
normally have a Ist or 2nd class honours degree, 
preferably in Chemistry, Biochemistry or an 
appropriate Biological Science, and must have had 
considerable relevant experience at a responsible 
level Knowledge of the nuclear science industry 
and of processes giving rise to radioactive waste 
discharges would be an advantage 


Starting salary within the scale £3647-£4750 
(Principal Scientific Officer level) with prospects 
of promotion to £6460 and above Appointment 
may be permanent and pensionable or, with 
present employer's agreement, on secondment 


terms 


For full details and an application form (to be 
returned by I5 October 1973), write to Civil 
Service Commission, Alencon Link, Basingstoke, 
Hants, RG2l 1JB or telephone BASINGSTOKE 
29222 ext 500 or LONDON 01-839 1992 (24 hour 
answering service) Please quote $/8377]/1 


(806) 
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BIRKBECK COLLEGE 
(UNIVERSITY OF LONDON) 


DEPARTMENTS OF CRYSTALLOGRAPHY 
AND PHYSICS 


RESEARCH OFFICER IN IRREGULAR 
STRUCTURES 


A RESEARCH OFFICER 1s required to work on 
a mathematical description of irregular packings and 
networks with a view to application to the liquid 
state Applicants should have a PhD in physics 
or mathematics Previous experience in combina- 
torial mathematics, [quid state physics, or basic 
crystallography 1s useful but not essential 

The appointment, which is supported by an 
SRC grant, will be for a period of up to 2 
years, and the successful applicant will be required 
to take up the post as soon as possible Salary 
towards the lower end of the Lecturer's scale plus 
London Allowance 

B J Hiey (N21/9), 


Further details from Dr 
Department of Physics, Birkbeck College, Malet 
(746) 


Street, London WCIE 7HX 
UNIVERSITY OF THE WEST INDIES 
TRINIDAD 

Applications are invited for post of GEOLOGIST 
(RESEARCH FELLOW or JUNIOR RESEARCH 
FELLOW) in the SEISMIC RESEARCH UNIT 
Applicants should be graduates in Geology and 
have research experience preferably in volcanic geo- 
logy and geochemistry Salary scales Research Fel- 
low £1,850 to £3,265 per annum, Junior Research 
Fellow £1,500 to £1,660 per annum Child allow- 
ance FSSU Family passages, trienmal $tudy 
eave 

Detailed applications (6 copies), including a 
curriculum vitae. and naming 3 referees, should be 
sent by airmail @s soon as pessible to the Secretary 
University of the West Indies, St, Augustine Trini- 
dad Further particulars will be sent to all appli- 
cants (748) 





Ministry of Agriculture, Fisheries & Food 


UNIVERSITY OF LONDON 
KING’S COLLEGE s 
DEPARTMENT OF PHYSIOLOGY 


RESEARCH ASSISTANTSHIP 


Applications are invited from good honours 
graduates in Physiology, Zoology or a relevant bio- 
logical science for the above post The Assistantship 
supported by Medical Research Council 1s available 
from October 1, 1973, ard will be tenable under 
normal circumstances for three years 

The successful applicant will be expected to under- 
take research into the effects of steroids on immuno- 
globulin transmission and cellular differentiation in 
the small intestine of young rats Applicants with 
some experience of immurology and/or radioisotopes 
and/or electron microscopy will be an advantage It 
is expected that the successful candidate will register 
for a higher degree of the University of London 
Salary £877 (x30(2)1—£937) per annum 

Applications, including a full curriculum vitae and 
names and addresses of two referees, should be sen 
to Dr D J Begley (N), Department of Physiology 
King’s College, Strand, London WC2R 2LS as soon 
as possible (787) 





CHARING CROSS HOSPITAL 


Fulham Palace Road, Hammersmith 


.- 

CARDIO-PULMONARY TECHNICIAN required 
to work under Professor Guz in service laboratory 
The work i vared with use of ultra modern auto- 
mated equipment Te successful candidate will be 
part of a team of four@erving both the hospital and 
the region 

Salary on scale £1,236-£1,953 (inclusive of London 
Weighting) depending 9upon experience , 38-hour 
week Staff Club with swimming Pool, squash courts, 
badminton bar and we are within easy reach of 
the underground and buses 

Please write, giving full details with age and expen- 
ence and the names and addresses of two referees, to 
Miss Matthews Personnel Department, quoting Ref 
853 (789) 








JUNIOR TECHNICIANS 
STATE REGISTERED 
TECHNICIANS 


Haematologists/ Histologists, are 
required. for post in and around 


Walbrook 
London 


especially 
urgently 
London 
Ring or 
Appointments 
WCI, 


write 


Liz Robinson, 
116 High Holborn, 
01-405 8787/6564 (3) 


UNIVERSITY OF WESTERN 
AUSTRALIA 


Applications are invited for an appointment in the 
Department of Anatomy as MEDICAL TECHNO- 
LOGIST (Salary $A5,709-8,412 pa) and TECH- 
NICIAN/SENIOR TECHNICIAN (Salary $A5,269- 
6,794 pa) 

Duties will mclude specimen preparation, routine 
cate and maintenance of an electron microscope and 
associated equipment, photography and printing The 
appointee will also be required to tram Science and 
graduate students in techniques of electron micro- 
scopy 

Applicants should have special experience and skills 
in ultramicrotomy and routine servicing of Phillips 
EM300 and LKE ultramicrotomes Access to a 
Phillips scanning electron microscope 1s also available 
and skills in tts operation are highly desirable 
Training and competence in histology and the tech- 
niques of light microscopy and photography are also 
required 

Qualificauons for appointment as Technologist are 
AIMLT or a degree in a relevant field and for 
Technician, an appropriate diploma and extensive 
experience The level of appointment will be deter- 
muned according to qualifications and experience 

Conditions of service include superannuation, 
assistance with fares and removal expenses to Perth 
for appointee and dependent family, liberal annual, 
sick and long service leave entitlements 

Applications, stating age, qualifications, experience 
and the names and addresses of three referees, close 


with the Staffing Officer University of Western 
Australia, Nedlands, Western Australia 6009, on 
October 31 1973 (786) 





THE MEDICAL COLLEGE OF 
ST BARTHOLOMEW'S HOSPITAL 
West Smithfield, London ECIA 7BE 


Research Technician required to join group in- 
vesugaung biochemical control mechanisms Some 
experience in enzymology and subcellular fractiona- 
uon useful Salary according to age and qualifications 
on Scale £741 to £1,290 per annum plus £126 London 
Weighting 

Applications in writing to The Secretary at the 
above address, quoting reference 590 (642) 





MOUNT VERNON HOSPITAL 
Northwood, Middlesex HA6 2RN 


Department of Cancer Research 


Applications are invited for the posts of RE- 
SEARCH ASSISTANT (graduate) and LABORA- 
TORY TECHNICIAN to assist in Karyotype studies 
on human tumours and premalignant conditions 
Experience of chromosome banding and tissue cul- 
ture techniques would be an advantage 

Salaries ın accordance with qualifications and ex- 
perience (Universities and Whitley Council scales 
respectively) 

Please reply to Secretary, Department of Cancer 
Research (Tel Northwood 26111, Ext 258) 

(703) 


UNIVERSITY COLLEGE, 
GALWAY 


LECTURESHIP 


ZOOLOGY 


Applications are invited for the above statu- 
tory whole-time post Salary scale £3,450 by 
£114 (10) to £4,590, plus family allowances 
Non-contributory pension scheme The closing 


date for receipt of applications 1s October 1, 
1973 


Prior to application, further information 
should be obtained from the Registrar of the 


College (710) 


Va 


we- 
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UNIVERSITY OF NATAL 
Durban, S Africa 
DEPARTMENT OF CHEMISTRY 


LABORATORY TECHNICIAN 


Applications are invited for the above post in the 
Department of Chemistry Applicants should have 
suitable experience and qualifications and the starung 
salary will be dependent upon these Some degree 
of specialisation 1s acceptable, and will be encouraged 
1f applicable to the work of the Department 

Salary scale R3,000 x 150—R4,500 plus 15% pension 
allowance 

In addition, an annual vacation bonus 1s payable 
subject to Treasury Regulations 

Notification of intention to apply for this post 
Should be given m the first instance, not later than 
September 28 1973 by letter or 'phone to Mr F 
Trowell 35 Rosehill Park, Emmer Green, Reading, 
England Telephone Reading 477726 (after 6 pm) for 
interviews to be held Monday 1 and Tuesday 2 Octo- 


ber 1973 
Further particular of Pension scheme, travel 
arrangements, Medical aid, Housing loans etc are 


obtainable from The Registrar, University of Natal, 
Durban, S Africa 

Applicants for the post should obtain the pre- 
scribed application form from the Registrar and 
return the completed form not later than October 31, 
1974 (790) 





MEDICAL RESEARCH COUNCIL 


BIOCHEMICAL PARASITOLOGY UNIT 
MOLTENO INSTITUTE 


UNIVERSITY OF CAMBRIDGE 


Applications are invited for the following vacancies 


SCIENTIFIC STAFF postdoctoral biochemist/ 
molecular biologist required to join group studying 
cell biology of trypanosomes Should have experi- 
ence relevant either to studies on structure and func- 
tion of mitochondrial nucleic acids or biogenesis 
and metabolism of mitochondria The appointment 
will be for three years, incremental salary according 
to age and qualifications within the range £1 668 
to £3,192 FSSU provisions 


RESEARCH ASSISTANTS required with experi- 
ence in ussue culturing and sterile techniques and 
some knowledge of general biochemical techniques 
One post will offer an opportunity to learn methods 
1n electron microscopy Salaries in the range of 
£1,200 to £1,900 depending on age and experience 


Applications, with the names of two professional 
referees, should be sent to the Director, Molteno 
Institute, Downing Street Cambridge CB2 3ED 

(825) 





BOARD OF MANAGEMENT FOR GLASGOW 
ROYAL INFIRMARY AND ASSOCIATED 
HOSPITALS 


GLASGOW ROYAL INFIRMARY 


BASIC GRADE BIOCHEMIST/ 
RESEARCH ASSISTANT 


Applications are invited. for the above post which 
1s tenable for a period of three years 

The Biochemist will form part of a team investi- 
gating hormone profiles m infertile women under- 
going therapy and will be actively involved in radio- 
immunoassay of steroid hormones 

Salary and conditions of service will be in accord- 
ance with Whitley Council Regulations 

Applicants with an Honours Degree ın Bio- 
chemistry or the equivalent, should apply, stating 
relevant experience, qualifications and the names of 
two referees to Hospital Secretary, Glasgow Royal 
Infirmary as soon as possible after the appearance 
of this advertisement (816) 





UNIVERSITY OF LIVERPOOL 


DEPARTMENT OF HISTOLOGY AND 
CELL BIOLOGY 


TECHNICIAN required to work on a project con- 
cerned with subcellular aspects of secretion in the 
anterior pituitary An interest or experience in 
either radioimmunoassay or affinity chromatography 
would be an advantage Candidates must also pos- 
sess ONC or HN im an appropriate subject and 
have previous experience This post will be tenable 
for 3 years Salary within a range up to £1,794 per 
annum 

Application forms may be obtained from the 
Registrar, The University PO Box 147, Liverpool 
L69 3BX Quote Ref RV/N/80469 (761) 





UNIVERSITY OF CAMBRIDGE 
PHYSIOLOGICAL LABORATORY 
RESEARCH ASSISTANT IN 

ENDOCRINOLOGY 


A post is available for a graduate or a holder of 
a PhD with an interest in foetal and neonatal 


endocrinology Experience in radioimmunoassay 
work would be useful The position 1s available for 
3 years starting salary £1,800 


Applications giving full details and qualifications 
together with the names and addresses of two referees 
to Dr P, W_ Nathanielsz, Physiological Laboratory, 
Cambridge CB2 3EG (783) 





physiologist 


physiology 


SANDOZLTD, 
Personalwesen, 
Ref A 702-3, 


Switzerland — 








tions to alleviate the problem 


£2,726 to £5,738 a year 


at moderate rental 


birdstrike hazard 


M3F/730843/NF. 


JAMES COOK UNIVERSITY OF 
NORTH QUEENSLAND 


Applications are invited for the following posts 


SENIOR LECTURER IN BIOCHEMISTRY 
Applicants should have interest and ability in teach- 
ing as well as research Any field of interest within 
biochemistry will be considered It is anticipated 
that there will be further expansion and increased 
autonomy ın the teaching of biochemistry in the near 
future 


SFNIOR TUTOR IN ENGINEERING Appli- 
cants should have a higher degree in civil engineer- 
ing Or alternatively several ycars' professional ex- 
perience Design «xperience would be an advan- 
tage Duties will include ormeanising and conducting 
practical and tutorial classes in applied mechanics 
and other civil engineering subjects 

Salary ranges Senior Lecturer, $A12,268-$A14,308 
Senior Tutor, $A7,270-$A8,698, ea Jocality allowance 
1$ also payable 

Conditions of appointment include F SSU super- 
annuauon, invalid pension sgheme, housing assist- 
ance study leave, and allowance for travel and 
removal expenses on appointment 

Applications close on October 12, 1973 

Further details and application forms obtainable 
from the Association of Commonwealth Universities 
(Appts ), 36 Gordon Square, London WO S 


Physiologist 


The Basic Medical Research Department of SANDOZ 
LTD , Basle, has a vacancy for an experienced 


Currently the study within the department lies in 
the field of neurophysiology and neuropharmacology 


We can also offer a younger person with initiative 
the opportunity to gain experience in our department 
of methodology and experimental techniques of 


Candidates should ask for an 
application form or write 
giving full details to: 


Postfach, CH-4002 Basle, 


Tel 0104161/ 44 00 11 


Government of Hong Kong 


ECOLOGIST| 
ORNITHOLOGIST 


required to conduct a study into the habits of the black-eared kite and ancilliary 
species, and the hazard to aircraft caused by these birds, and to make recommenda- 


Commencing salary according to experience in scale approximately equivalent to 
A substantial Gratuity ıs payable on completion of 
engagement which is for one tour of 21 years 
liberal leave on full salary, generous education allowances and Government quarters 


Candidates, male or female, preferably under 35 years of age, MUST have a Ist or 


2nd Class Honours Degree in Zoology, or Ecology, or equivalent, with some post- 
graduate experience in ornithological studies, preferably in the area of aircraft 


Fer further particulars you should apply, giving brief details of experience to 


M Division, 4 Millbank, London SWIP 3JD, quoting reference number 


XVII 





















SANDOZ 


(818) 





Other benefits include free passages, 













(773) 






University of Leeds 


RESEARCH ASSISTANT 
IN CARDIOVASCULAR 
DEPARTMENT 


Applications are invited for a post of RESEARCH 
ASSISTANT ın the Cardiovascular Unit of the 
Department of Physiology The post 1s financed by 
the Medical Research Council and is tenable for 
one year in the first instance Previous traming in 
neurophysiology is essential Salary up to approxi- 
mately £2,500 per annum according to qualifications 
and experience 


The successful candidate would work in the basic 
laboratories of the Unit, which are fully equipped 
to study central nervous and reflex control of the 
cardiovascular system The Unit operates its own 
computer facility The problems on which the suc- 
cessful applicant will be expected to work are within 
the field of central projections of cardiovascular 
afferent fibres to the brainstem 


Forms of applicatn and further particulars from the 
Registrar, The University, Leeds LS2 9JT (please 
quote 43A/4/D) Closing date Oct@ber 8, 1973 
Informal inquiries gan be made directly to the Unit 
(763) 


EDINBURGH SCHOOL OF 
AGRICULTURE 


RESEARCH ASSISTANT 


Applications are invited for a post of Re- 
search Assistant to be employed on an invest- 
gation financed by the Natural Environment 


Research Council on trace element contami- 
nation of urban soils 


Candidates should have a good Honours 
degree in Agricultural Chemistry, Biochemistry 
or Chemistry, and will be expected to register 
for a higher degree 


Further particulars and application form 
from the Secretary, The Edinburgh School of 
Agriculture, West Mains Road, Edinburgh EH9 
3JG (832) 





THE MEDICAL COLLEGE OF 


ST BARTHOLOMEW'S HOSPITAL 
WEST SMITHFIELD, LONDON ECIA 7BE 


RESEARCH TECHNICIAN, trained ın Biochemis- 
uy or related field, required in the Department of 
Biochemistry to assist in the study of nuritional 
aspects of cancer and carcinogenesis (The appoint- 
ment will be for one year in the first instance 
Salary according to age and experience For further 
details telephone 01-253 0661, Extension 27 

Applications in writing to the Secretary of the 
Medical College at the above address, quoting Refer- 
ence 591 (762) 





UNIVERSITY OF READING 


POSTDOCTORAL FELLOW required in Depart- 
ment of Chemistry to work with Professor G W A 
Fowles Candidates should have experience in struc- 
tural inorganic or organometallic chemistry The 
appointment is for one year in the first instance 
Salary £1,929 per annum 

Apply, quoting Ref MN62, 
(Personnel), University of Reading, 
Reading RG6 2AH 


to Assistant Bursar 
Whiteknights, 
(756) 


UNIVERSITY OF MANCHESTER 
RESEARCH ASSOCIATE IN CYTOGENETICS 


Applications invited for this post in the Department 
of Zoology to work on an SRC sponsored project 
concerned with chromosome studies associated with 
work on meiouc drive in the yellow-fever mosquito, 
Aedes aegypti — Post tenable for three years from 
October 1, 1973 Starting salary £1,929 pa rising 
to £2223 pa FSSU 

Application forms from the Registrar, The Univer- 
sity, Manchester M13 9PL, should be returned to Dr 
D I Southern or Dr R J Wood, from whom further 
Particulars can be obtained, as soon as posible (796) 





1RENT POLYTECHNIC 
NOTTINGHAM 
DEPARTMENT OF LIFE SCIENCES 


LECTURER GRADE II IN MICROBIAL 
PHYSIOLOGY 


A Biochemist, Microbiologist or Geneticist is re- 
quired with expertise in microbial physiology and/or 
genetics 

Salary scale Lecturer Grade II, £2,515 to £3 243 

Further details and form of application may be 
obtained from the Chief Administrative Officer, 
Trent Polytechnic, Burton Street, Notungham NG1 
4BU A self-addressed foolscap envelope should be 
enclosed with the inquiry Closing date October 15 

(831) 





UNIVERSITY OF LEEDS 


PROCTER DEPARTMENT OF FOOD AND 
LEATHER SCIENCE 


NUTRITIONIST; DIETITIAN 


A Nutritionist or Dietitian is required ain the 
Catering Research Unit to work on the nutritional 
problems posed by the increasing use of conveni- 
ence foods in school meals The work 1s supported 
by a grant over 2j years from the Department of 
Education and Science The salary will be up to 
£1923 per annum, and full details can be obtained 
by writing to Mr G Glew at the above address 

(834) 





TECHNICAL ASSISTANT 


required to assist a Research Biochemist investigating 
Prostauc Tissue Applicants must have special 
mierest in biochemistry and tissue culture — Teaining 
m advanced laboratory techniques will be given 
Salarv in range up to £1470 per 4pnum according to 
qualifications and experience 

Applicationseto the Secretary, Royal Postgraduate 


Medical Schoo! Hammersmith Hospital, DuCane 
Road, London W12 OHS, quotirfg ref 3/326/N 
(801) 





UNIVERSITY OF ADELAIDE 


Applications are invited for appointment as a 
POSTDOCTORAL FELLOW IN SOIL SCIENCE 
in the Department of Agricultural Biochemistry and 
Soil Scence at the Waite Agricultural Research 
Institute The appointment, financed by the South 
Australian Wheat Industry Research Committee, 1s 
available for a period not excecding 3 years, and ıt 
1s hoped to fill it as soon as possible The salary 
attached to the appointment ıs $A6,967—353(4)— 
8,379 pa, up to $A500 will be made available 
towards approved costs incurred in travelling to 
Adelaide 

The work will involve an investigation of problems 
concerned with the structure of soils used for grow- 
mg wheat, including a study of methods for om mprov- 
ing infiltration of water into surface soils by preven- 
tion of crusting both in the laboratory and in the 
field Preference will be given to applicants with 
training in the physics or physical chemistry of soils 
and with research experience in soil physical condi- 
tions 

Apphcations, giving particulars of age, qualifica- 
tions (including dates obtained), experience and the 
names and addresses of two referees, should be sent 
to the Registrar, The University of Adelaide, S Aust 
$001 not later than October 31, 1973 (822) 


KING’S COLLEGE HOSPITAL 


MEDICAL SCHOOL 
(UNIVERSITY OF LONDON) 
Denmark Hill, London SES 8RX 


JUNIOR RESEARCH TECHNICIAN required to 
work on radioimmunoassay and gas chromatography 
of steroids and _ prostaglandins Post renewable 
annually Salary according to age and experience 
Training will be given in these methods if necessary 

Applications to The Secretary of the Medical School 
(N), not later than October 8, 1973 (798) 


ee 


CITY OF LEICESTER POLYTECHNIC 
SCHOOL OF CHEMISTRY 


Applications are invited for an SRC POST- 
DOCTORAL RESEARCH ASSISTANTSHIP for 
work on the synthesis and electrochemical behaviour 
of organic semiconductors 

The appointment should be of interest to organic 
chemists, especially those who already have, or are 
prepared to acquire, an interest in synthetic. organic 
electrochemistry The appointment will be for two 
years from October I, 1973, at a salary of £1,923 
per annum rising to £2,079 per annum 

Application forms and further particulars. obtain- 
able from Senior Admunis rative Officer (E. & F), 
City of Leicester Polytechnic, PO Box 143, Leices- 
ter LE1 9BH (741) 





RE-ADVERTISEMENT 
UNIVERSITY OF OXFORD 
ANTI-TUMOUR IMMUNITY 


There ıs an immediate vacancy for a person to 
work for one year on an MRC supported project 
on the combined effects of anti-tumour immunitv 
and X rays and mouse tumours A PhD or equiva- 
lent experience with cell cultures or animal tumours 
1$ required, interest. in tumour immunology, cell 
kinetics, or radiobiology welcomed Salary up to 
£1,923 with FSSU 

Applications, with names of 2 referees should 
be sent as soon as possible to Dr T R Munro, 
Department of Radiation Physics, The Church: | 
Hospital, Oxford OX3 7LJ (Oxford 64841, Ext 665), 
from whom further details may be obtained (775) 





UNIVERSITY OF EDINBURGH 


DEPARTMENT OF THERAPEUTICS 
ROYAL INFIRMARY OF EDINBURGH 


Applications are invited. for 3 TECHNICIANS 
(TG3 4, & 5) in this Department to work on research 
Programmes involving the study of autoimmunity m 
disease and immunological aspects of cancer under 
the direction of Dr W J Irvine in the Department 
of Therapeutics Royal Infirmary and the University 
Research Annexe 2 Forrest Road, Edinburgh Pre- 
vious experience m immunology or tssue culture an 
advantage but not essential 

Salary scales (TG3) £1,539-£1,794 per annum 

(TG4) £1,728-£2 028 per annum 

(TG5) £1,881-£2,241 per annum 
Applications by letter, giving full details of qualifica- 
tuons and experience together with the names of two 
referees, should be sent to the Secretary to he 
University, Old College, South Bridge, Edinburgh 
EH8 9YL as soon as peesible Please quote reference 
2066 (793) 


BRITISH AS6QCIATION FOR THE 
ADVANCEMENT OF SCIENCE 


PART-TIME ASSISTANT 
A vacancy exists at 23 Savile Row, London 


WIX 2AA (01-734 6010, Ext 54), for an 
Assistant capable of typing and shorthand and 
who is interested in forwarding understanding 
of the social consequences of science Part-time 
arrangement could be considered (803) 
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SECRETARY 


Graduate required as Personal Assistant to 
the Director. of Research and Managing 
Director Shorthand or audio-typing essential 
Company engaged in Drug Research, and a 
basic understanding of Organic Chemistry, 
Biology and Biochemistry necessary Very 
interesting work and excellent conditions with 
pension and insurance plan in operation 


Apply BIOREX Laboratories Ltd, Biorex 
House, Canonbury Villas, London N1 2HB 


(780) 


BIOCHEMISTRY 
GRADUATE 


required by a Drug Research Company for 


clinical biochemical analysis and research in 
biochemical analytical methods, with reference 
to toxicological studies 


Application. form from Biorex Laboratories 
Ltd, Biorex House, Canonbury Villas, Lon- 
don N1 2HB (829) 





SENIOR TECHNICIAN 
(Grade 5) 


required for small MRC research laboratory to 
assist with biochemical and biological work Applica- 
tions to Dr M Owen or Dr J Triffitt, Bone 
Research Laboratory, Churchill Hospital, Oxford OX3 
7LJ Tel 64841, Ext 423 (Salary and conditions on 
University restructured scale, £1,881 to Si 





TECHNICIAN 


required m Department of Botany, University of 
Reading, to work with Dr H G Dickinson in an 
ARC supported investigation into mechanisms of self- 
incompaubihty in plants The appointment is for 
3 years, starting October 1, 1973 Applicant should 
possess appropriate HNC or equivalent qualification 
and have had extensive practical experience in either 
botanical histochemistry or electron microscopy 
Salary m the scale £1,881-£2,241 pa (Grade 5) 
Apply in writing quoting Ref TN58, giving names 
of two referees, to Assistant Bursar (Personnel), Uni- 
versity of Reading, Whiteknights, Reading RG6 
2AH (810 


KING'S COLLEGE HOSPITAL 


MEDICAL SCHOOL 
(UNIVERSITY OF LONDON) 
Denmark Hill SES 8RX 


RESEARCH TECHNICIAN required to work on 
radioimmunoassay and gas chromatography of steroids 
and prostaglandins Post renewable annually Salary 
according to age and experience Training will be 
given in these methods if necessary 

Apply to the Secretary of the Medical School (N), 
not later than October 8 1973 (799) 


UNIVERSITY OF HULL 
DEPARTMENT OF PLANT BIOLOGY 


A vacancy exists for a RESEARCH TECHNICIAN 
Grade 3 The work involves the biosynthesis of 
isoprenoid quinones, culture of micro-organisms and 
some general laboratory duties Minimum qualifi- 
cations ONC or equivalent, with 3 to 5 years appro- 
priate experience 

Applications, together with the names of two 
scientific referces, to the Technical Staff Officer, The 
University of Hull by October 1, quoting Ref 
TPB/2 (795) 


UNIVERSITY OF LEICESTER 
DEPARTMENT OF PHYSICS 


An EXPERIMENTAL OFFICER is required in the 
lonospheric Physics Group to assist with the investi- 
gation of acoustic/gravity wave disturbances in the 
upper atmosphere using radio wave techniques Some 
Knowledge of computing 1s desirable as the person 
appointed will be required to help with data collec- 
uon and analysis The appointment is for one year 
at a salary of £1,989 

Further detaiis may be obtained from Dr T B 
Jones Department of Physics, University of Leicester, 
Leicester LE1 7RH (797) 








MEDICAL RESEARCH COUNCIL Experimental 
Radiopathology Unit requires a TECHNICIAN or 
SENIOR TECHNICIAN to take charge of its medium- 
sized animal house, containing mainly rodents Total 
staff six Salary on MRC scale according to qualifi- 
cations and experience —Apply to The Director, MRC 
Experimental Radiopathology Unit, Hammersmith 
Hospital, London W12 OHS (802) 


M 
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CROSS INFECTION REFERENCE 
LABORATORY 


HONOURS SCIENCE GRADUATE required for 
the Streptococcus Section of the Cross Infection 
Reference Laboratory National Health Service 
terms and conditions of service and superannuation 

Applications to Personnel Officer, Central Public 
Health Laboratory, Colindale Avenue, London NW9 
SHT, stating age, qualificauons and experience, to- 
gether with names and addresses of two relerets 

0: 


UNIVERSITY OF WISCONSIN 
DEPARTMENT OF VETERINARY SCIENCE 


Applications are invited for an individual recently 
qualified in medicine or veterinary surgery as a 
RESEARCH ASSISTANT to study on an MS-PhD 
programme ın cardiopulmonary physiopathology 
Tax-free stipend, level depending upon qualifications 
Letter of application, with curriculum vitae, names 
of two professional referees, and transcripts of uni- 
versity work to 

Dr J A Will Department of Veterinary Science 
University of Wisconsin, Madison, Wisconsin 53706, 
USA (835) 








FELLOWSHIPS AND 
STUDENTSHIPS 





MASSEY UNIVERSITY 


Palmerston North, New Zealand 


POST-DOCTORAL FELLOWSHIP 
IN ORGANIC CHEMISTRY 


Applications are invited for a post-doctoral fellow- 
ship in the Department of Chemistry, Biochemistry 
and Biophysics for work on the organic chemistry of 
polysaccharides and the synthesis of new materials 
for affinity chromatography 

The fellowship will be tenable for two years 

The fellowship will carry an annual emolument of 
$NZ6 335 travelling expenses up to $1,000 may be 
Provided (Allowances are under review ) 

Further details of the positions and of the Univer- 
sity together with conditions of appointment and infor- 
mation to be supplied by applicants, may be obtained 
from the Secretary-General, Association of Common- 
wealth Universities (Appts), 36 Gordon Square, 
London WCIH OPF, or from the Registrar of the 
University 

(821) 


Applications close on November 17, 1973 
UNIVERSITY OF MANCHESTER 
INSTITUTE OF SCIENCE AND 

TECHNOLOGY 


RESEARCH STUDENTSHIP IN 
HEAT AND MASS TRANSFER 


The National Engineering Laboratory is sponsor- 
ing a research project in the Department of Chemical 
Engineering on the condensation of vapours from 
inert gases Extensive experimental equipment and 
instrumentation are available The successful candi- 
date will be accepted for a research course leading 
to the degree of MSc or PhD as a member of the 
team working on this project A Research Student- 
ship 15 available at SRC rates (£650 per annum) 

Apphcants with a good honours degree in chemi- 
cal engineering or possibly mechanical engineering 
or chemistry should write to Professor G L Stan- 
dart, Department of | Chemical Engineering, 
UMIST, PO Box 88, Sackville Street, Manches- 
ter M60 1QD, for further details as soon as Pee 

(77 


UNIVERSITY OF MANCHESTER 
INSTITUTE OF SCIENCE 
AND TECHNOLOGY 


A RESEARCH STUDENTSHIP 


Applications are invited for a three-year poste 
graduate training grant in the Department of 
Ophthalmic Optics (the value of the grant 1s 
equivalent to that of an MRC/SRC scholarship) 
The successful applicant will be required to register 
as an M Sc /Ph D candidate and will be expected to 
Pursue a research project to investigate optimum 
conditions of human pattern vision 

Candidates should be honours graduates in any 
one of the following Ophthalmic Optics, Phystology, 
Psychology, Physics, Biology or Electrical Engineer- 
ing 

Applications should be addressed to Professor 
J R Cronly-Dillon, Department of Ophthalmic 
Optics, UMIST, PO Box 88, Manchester M60 
1QD (779) 











ROYAL HOLLOWAY COLLEGE 
(UNIVERSITY OF LONDON) 
Egham Hill, Egham, Surrey 


Applications are invited for a POSTGRADUATE 
STUDENTSHIP starting as soon as possible under 
the academic supervision of Dr Arthur Finch 

Full details are available from Dr Finch (N), 
Department of Chemistry (800) 


XIX 


UNIVERSITY OF STRATHCLYDE 
Department of Biochemistry 


S.R.C. RESEARCH STUDENTSHIPS 


Graduates with First or Upper Second Class Honours are invited to 


apply for CASE Studentships 


Successful candidates will be engaged in 


either research on the biochemistry of reproduction involving the effects of 
prostaglandins on ovarian steroid metabolism 


or research in pharmacokinetics concerned with the evaluation of chemical 
properties of drugs which control their distribution in the whole animal 


Applicants should write to Dr M R Kibby, Department of Biochemustry, 
University of Strathclyde, Royal College Building, 204 George Street, 
Glasgow G1 1XW indicating their preference in research topic and includ- 
ing a curriculum vitae and the ħames of two referees 


THE CITY UNIVERSITY 
DEPARTMENT OF CHEMISTRY 


Applications are invited for a 


RESEARCH STUDENTSHIP 


for studies of the mechanism of post-curing 
of epoxide adhesives The value of the award 
that of an 


will be at least equivalent to 
SRC Research Studentship and the success- 
ful candidate will be able to register for a 
higher degree 


Further details may be obtained from Mr 
K W Allen, Department of Chemistry, The 
City University, St John Street, London EC1V 
4PB, to whom applications, together with the 
names of two referees, should be sent as soon 
as possible (739) 





UNIVERSITY OF QUEENSLAND 


AUSTRALIA 
POST-DOCTORAL RESEARCH 
FELLOW 

. ISOTOPE GEOLOGY 


Applications are invited for postdoctoral fellow- 
ship to work with Professor A F Wilson on role of 
oxygen and mobility of oxygen isotopes in meta- 
morphic rocks 

Appropriate background in physical chemistry 1s 
desirable and experience in isotope studies (especially 
oxygen isotopes) would be an advantage 

Appointment is for 2 years and may commence 
immediately or early in 1974, and will be with 
salary $A9,637 per annum, but may vary according to 
qualifications and experience 

Economy air fare and some assistance with 
removal expenses for appointee only will be paid 

Applicants should forward qualifications and 
experience direct to Professor A F Wilson, Univer- 
sity of Queensland, St Lucia, Queensland, 4067, 


Australia and ask up to three referees to write 
immediately 
Applications preferably by November 23, 1973 


(820) 


UNIVERSITY OF ABERDEEN 
DEPARTMENT OF CHEMISTRY 


CASE RESEARCH STUDENTSHIP IN 
POLYMER SCIENCE 


Applications are invited from persons with a first 
or a good second class honours degree in chemistry 
or physics for the above studentship The research 
project, which is in cooperagom with the British 
Oxygen Company, will lead to the degree of Ph D 
The objective 1s to discover new polymers giving 
improved separation of atm@spheric gases and to 
develop a permeation process based on their use 

Ehgibiity for and the value of the studentship 
are governed by SRC regulations Applications, in- 
cluding the names of two academic referees, should 
be sent before October 8, 1973, to Professor P 
Meares, Department of Chemistry, The University, 
Old Aberdeen, AB9 2UE (819) 





(742) 





UNIVERSITY OF BIRMINGHAM 
DEPARTMENT OF BOTANY 


Applications are invited for a postdoctoral RE- 
SEARCH FELLOWSHIP to be held for a period of 
Up to three years 

Salary scale £1,929 to £2,223 plus FSSU 

Applications (3 copies), naming 3 referees by 
October 15, 1973, to Assistant Registrar (S), Uni- 
versity of Birmmgham PO Box 363, Birmingham 
BIS 2TT, from whom further details may be ob- 
tamed Please quote Ref NRI (740) 





UNIVERSITY OF NOTTINGHAM 


POSTDOCTORAL FELLOWSHIP 


SIMULATION STUDIES IN MOLECULAR 
DYNAMICS 


Applications are invited for a Postdoctoral Fellow- 
ship tenable in the Mathematics Department The 
Fellowship 1s made available for a period of up to 
three years by a Science Research Council support 
grant for research to be carried out using the tech- 
nique of molecular dynamics in computer simulation 
studies of molecular dense media 

Applicants should have either completed or be 
finishing a Ph D degree in some field of theoretical 
science, and preference will be given to applicants 
with a knowledge of statistical physics and with 
experience in the application of computers to prob- 
lems im theoretical physics or chemistry Sarung 
salary will be up to £2,058, depending on age and 
experience 

Further details can be obtained from Dr D W 
Wood, Department of Mathemaucs, The University, 
Nottingham NG7 2RD, telephone no (0602) 36101 

(767 





UNIVERSITY OF SUSSEX 
SCHOOL OF MOLECULAR SCIENCES 


POSTDOCTORAL FELLOWSHIP 


Applications are invited for a POSTDOCTORAL 
FELLOWSHIP, supported by the Agricultural 
Research Council, and commencing on October 1, 
1973 or as soon thereafter as possible, at a salary 
within the range £1,929-£2 223 per annum with 
FSSU The Fellow would be concerned, in 
collaboration with Professor J Chatt, with the 
development of catalysts for the dismutation of 15N, 
and HIN, at moderate temperatures 

Applications should be sent to the Sub-Dean, 
School of Molecular Sciences, University of Sussex, 
Brighton BN1 9QJ, from whom further details may 
be obtained (814) 





RESEARCH STUDENTSHIP IN 
STEROID SYNTHESIS 


Applications are invited for a Research Studentship 
in organic chemistry The general field of study will 
be examination of synthetic routes for preparation of 
isotopically labelled steroids suitable for use on 
immun® assay procedures ^ Excellent facilities are 
available for this work and the successful applicant 
may spend a short,time in the laboratories of Race- 
course Security Services Lid , Newmarket 

Applications, with the names and adresses of two 
referees to Dr G  Ayrey, Isotope Unit, Queen 
Elizabeth College (University of London), Campden 
Hill London W8 7AH (788) 
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THAMES POLYTECHNIC 


DIVISION OF MATERIALS SCIENCE 


Two M.Sc. Research Studentships 
(£750 p.a.) 


are available for work on displays and materials 


The work will form part of a 


larger programme under Government sponsorship which is to be carried out 


within the Division 


Preference will be given to students with knowledge of preparative chemistry or 


applied physics 


Applicants are required to have an Honours degree in Chemistry, Physics or 


Electrical Engineering 


Applications should be made to: A. Vecht, Head of Materials Science 
Division, Thames Polytechnic, Wellington Street, SEI8 6PF. 





UNIVERSITY OF BIRMINGHAM 
DEPARTMENT OF CHEMISTRY 


Applicauons are invited for a postdoctoral RE- 
SEARCH FELLOWSHIP to study the synthetic 
routes to new analogues of oligo- and polynucleo- 
tides, which might be expected to interfere with the 
biological function of nucleic acids under the direc- 
tion of Professor A S Jones and Dr R T Walker 
The applicant should be experienced ın synthetic 
organic chemistry and have an interest in biochemis- 
try or molecular biology The post is tenable for 
two years 

Salary scale £1,929 to £2,223 plus FSSU 

Applications, naming three referees, by Septem- 
ber 30, 1973, to Assistant Registrar (S) PO Box 
363, Birmingham B15 2TT Please quote reference 
NCI (759) 





UNIVERSITY OF BIRMINGHAM 
CENTRE FOR MATERIALS SCIENCE 


Applications are invited for postdoctoral RE- 
SEARCH FELLOWSHIP from suitably qualified 
chemists, physicists or metallurgists The Centre for 
Materials Science provides facilities for inter-depart- 
mental research with particular interest in material 
purification, crystal growth, and materials evaluation 
techniques 

Salary £1,929 to £2,223 plus FSSU 
Applications (3 copies), naming 3 referees, by Sep- 
tember 30 to the Assistant Registrar (S), PO Box 
363 Birmingham B15 2TT, from whom further de- 
tails may be obtained Please quote Pe 1 


UNIVERSITY OF SOUTHAMPTON 
DEPARTMENT OF CHEMISTRY 


POSTDOCTORAL FELLOWSHIP IN 
PHOTOELECTRON SPECTROSCOPY 


The above Fellowship will be available, from a 
mutually agreed date for one year im the first m- 
Stance, to a suitably qualified chemist or physicist 
to carry out vacuum ultraviolet photoelectron 
Spectroscopic studies of gaseous free radicals Ex- 
perience in relevant field such as spectroscopy, 
molecular beam mejhods or kinetics 1s desirable 
Salary will be commensurate with age and experience 
and membership of FSS U_ will be available 

Applications, including the names of two referees 
should be sent to Professor N Jonathan Department 
of Chemistry, The University, Southampton SO9 
5NH (766) 





English Editing Service 


PURPOSE To save the time of scientists by reducing the 


(804) 





SYMPOSIUM 





THE MALACOLOGICAL SOCIETY 
OF LONDON 


On Thursday, October 18, 1973, a Symposium will 
be held in honoui of Sir C Maurice Yonge, FRS, 
and Dr Nelle B Eales im the Meeting Rooms, 
Zoological Society, Regent’s Park, London, N W 1, 

om 10 am-4 pm 

Details from Dr Joyce E Rigby, Department of 
Biology, Queen Elizabeth College, Campden Hill, 
London, W 8 (758) 





GRANTS & SCHOLARSHIPS 





WELSH PLANT BREEDING STATION 
UNIVERSITY COLLEGE OF WALES 


Applications are invited from graduates ın agrıcul- 
ture or agricultural botany for a scholarship awarded 
by the British Seeds Council and tenable at the 
Welsh Plant Breeding Station for a period of three 
years, commencing January 1, 1974 The scholarship 
IS for studies mto the seed producing characteristics 
of some newly developed herbage varieties under 
different. conditions 

Preference will be given *o candidates with experi- 
ence of practical farming and who have an intercst 
in the conduct of experiments under farm conditions 
The successful candidate must be able to drive a 
car and be prepared to spend part of his time in 
the main seed growing areas of the south and east 
of England where the trials will be located 

Salary will be £1,400 per annum on a scale rising 
by £50 to £1,500 with membership of FSSU 

Applications, giving details of age, qualifications, 
experience and the names and addresses of two 
referees. should be sent to the Secretary, Welsh Plan 
Breeding Station Plas Gogerddan, Nr Aberystwyth, 
SY23 3EB not later than October 31, 1973 (794) 





TRAVELLING AND RESEARCH GRANTS 
Fellowships for Women Graduates for 1974/5, value 
$3,000 and $1,000 and several smaller awards 
Closing date October 15, 1973 —Details from Aca- 
demic Secretary British Federation of Universny 
Women, Crosby Hall, Cheyne Walk, London SW3 
SBA Please enclose stamped, addressed envelope 

(765) 


work needed to prepare reports for publication in the 


English language 


METHOD Type your "unpolished" report, double spaced, 


m the best English you can write 


Send the report to us with the name of the jouinal in 


which you want your report published 


We'll edit your report and promptly return it to you 


USA 


TOPICS Biological sciences, social sciences, medical scien- 
ces, including pharmacology and psychiatry e 


COST Adjusted to the difficulty of the task maximum rate 


$100 US per page e. 
ADDRESS English Editmg Service, 
Postboks 2,« 
e X Postekspedition Aarhus 5, 
8240 Risskov, Denmark. 


Elsewhere 


UNIVERSITY OF LEICESTER 


MICROBIAL GENETICS 


An MRC RESEARCH SCHOLARSHIP leading 
to a PhD degree is offered in the Department of 
Genetics at Leicester University 

Applicants are invited to join one of the groups in 
the Department whose interests include control of 
the cell cycle and lime moulds replication of DNA 
in bacteria the genetics of physarum , and control 
of gene action m aspererllus 

The award is open to recent graduates who have 
an upper second class degree The Award 18 £695 
ner annum and can be supplemented with demon- 
Strating and tutorial fees 

Further information can be obtamed from Pro- 
fessor R H Pritchard, Department of Genetics, 
Un versity of Leicester Leicester LE! 7RH Tele- 
Phone 0533 50000 Extension 146 

(784) 


€———— NS 
LECTURES AND COURSES 
Se SS ee 


CHELSEA COLLEGE 
UNIVERSITY OF LONDON 


MSC COURSE IN CYBERNETICS 


Applications are invited from suitably qualified 
graduates in related subjects for a two-year part- 
time evening course in cybernetics commencing Mon- 
day October 8, 1973 at 6 pm Those not qualified 
to register for an M Sc degree may attend the 
course to improve their knowledge of the subject 
(ee £2050 per annum) 

Application forms may be obtained from Mrs V 
Boulton Phvsics Department, Chelsea College, Pulton 
Place London SW6 5PR (01-736 1244, Ext 275) 
Please quote Ref N/1 (747) 





CHELSEA COLLEGE 
(UNIVERSITY OF LONDON) 


Part-time MSc Course in Biophysics 
and Bioengineering 


The Biophysics section of the Basic Medical 
Sciences Group, in association with other depart- 
ments and with the assistance of experts from outside 
the College, offers a course of part-time study leading 
to the degree of Master of Science in. Biophysics and 
Bioengineering This covers at postgraduate level an 
area of study where physiology physics, medicine 
and engineering meet and overlap The duration of 
the course is three years and students attend the 
College on two evenings a week Candidates for the 
course should normaily hold a first degree in one of 
the biological or physical sciences, in medicine or 
im a branch of engineering 

Applications for admission m the coming October 
are invited Application forms and further informa- 
tion may be obtamed from The Secretary, Basic 
Medical Sciences Group Chelsea College, Manresa 
Road London SW3 6LX (792) 
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BACK RUNS OF JOURNALS 
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Scientific and Technical Reviews 
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20124 MILANO, Italy 
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Washington DC 20004 
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A GOOD BOOK X 
IS A GOOD FRIEND S 


D 


PROTEIN DEFICIENCY AND PESTICIDE TOXICITY by 
Eldon M. Boyd, Queen's Univ,, Kingston, Ontario, Canada. 
72, 480 pp., 106 ul. (1 1n full color), 129 tables, $29.50 


RESPONSES OF FISH TO ENVIRONMENTAL 
CHANGES edited by Walter Chavin, Wayne State Unw., 
Detroit, (23 Contributors) "73, about 480 pp., 166 1l., 39 
tables 


FISH CHROMOSOME METHODOLOGY by Thomas E. 
Denton, Samford Untv., Birmingham, Alabama. °73, about 
172 pp., 26 1l.,, 1 table 


——9—9- 


RHEOLOGY OF BIOLOGICAL SYSTEMS edited by 
Henry L. Gabelnick, National Institutes of Health, 
Bethesda, Maryland, and Mitchell Litt, Univ. of Pennsyl- 
vania, Philadelphia, (31 Contributors) "73, 319 pp., 230 il., 
25 tables, $16.95 


MERCURY, MERCURIALS AND MERCAPTANS edited 
by Morton W. Miller and Thomas W. Clarkson, both of the 
Un. of Rochester, New York. (33 Contributors) "13,404 
pp., 116 ú., 57 tables, $19.75 


MICROBIOLOGY PROCEDURES: The Selection and 
Interpretation of Current Tests for Physicians, Nurses, and 
Paramedical Personnel by Rose M. Morgan, North Dakota 
State Univ., Fargo, and Dorothy Shuesl Good, Edison, New 
Jersey, "13, 248 pp., 30 1l. 1n full color, 1 table, $8.95 


pe 


THE FIELD CONCEPT IN CONTEMPORARY SCIENCE 
by Mendel Sachs, State Univ. of New York at Buffalo. "13, 
132 pp., $9.75 * 


THE REGULATION OF MAMMALIAN REPRODUCTION 
edited by Sheldon J. Segal, The Population Council, New 
York City, Ruth Crozier and Philip A. Corfman, both of 
the National Institute of Child Health and Human Develop- 
ment, Bethesda, Maryland, and Peter G. Condhiffe, John E. 
Fogarty International Center for Advanced Study in the 
Health Sciences, Bethesda, Maryland, (132 Contributors) 
73, 614 pp. (7 x 10), 260 1l., 91 tables, $44.50 


DISEASES OF FISHES (3rd Ed.) by C. van Duyn, Jr., 
Zeist, The Netherlands. '13, 380 pp., 388 1l., $12.95 


CASH WITH ORDER 
Outside U.S.A, & Canada 

> 

All European orders 

sent by ar, postpaid 
> 

CHARLES C THOMAS * PUBLISHER 
301-327 East Lawrence Avenue 
Springfield ° Illinois * U.S.A. 
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NATURE INDEX 1972 


The combined index to Mature, Nature New 
Biology and Nature Physical Science 1972 ıs 
now available To obtain a copy please complete 
the coupon and return it together with your 
remittance 


To Subscription Department, Macmillan Journals Ltd 
Brunel Road, Basingstoke, Hants RG21 2XS, UK 


Please send me a copy of the NATURE Index 1972 
| enclose payment of £1 (USA and Canada £1 50) 


(Order must be accompanied by remittance Cheques made payable to 
Macmillan Journals Ltd and crossed ) 


NAME 


ADDRESS 


ZIP/POSTAL CODE 


Registered No 785998 England Registered Office 4 Little Essex Street, 
London WC2R 3LF 


SUBSCRIPTIONS TO NATURE 


UK & Overseas USA & Canada 


NATURE £16 00 £20 00 


NATURE + NATURE ; 
PHYSICAL SCIENCE £24 00 £33 00 


NATURE + NATURE 
NEW BIOLOGY £24 00 £33 00 


All three editions 
of NATURE £29 50 £44 00 


NATURE PHYSICAL 
SCIENCE £1000 £15 00 


NATURE NEW BIOLOGY £1000 £15 00 
NATURE INDEX (1972) £ 100 £ 1.50 


Please send me 


Orders can only be accepted if accompanied by the correct 
remittance Cheques should be made payable to Macmillan 
Journals Limited and crossed 


| enclose remittance of 
Name 
Address 


Zip/Postal Code . 


Return to: Subscription Department, Macmillan Journals 
Ltd, Brunel Road, Basingstoke, Hants RG21 2XS, England 


Registered No 785998 England Registered Office 4 Little Essex St, 
London WC2R 3LF . 
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The new GCV- ` 
an advanced concept 
in gas chromatography . 






morrows — 
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The GCV is designed for the modern 
chromatographer's needs — now and in the 
future True modularity means easy and quick 
adaptation to changing requirements — to fully 
exploit the versatility of gas chromatography — 
to be adaptable to new developments The GCV 
is precise and reliable with excellent 
repeatability — yet provides operational 
simplicity allowing all users to achieve 

optimum performance. 

The Pye Unicam GCV —tomorrow's 
chromatograph — is here today Ask for 
complete information now à 





Ki 


Pye Unicam Ltd e 


York Street, Cambridge CB1 2PX, England Y e 
Telephone (0223) 58866 Telex 81215 Tes — We 
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The Giant Panda is a bear 


Comet Kohoutek 
Radiodetection of electrostatic sparks 
Hormones afd ageing 
Lead pollution in Britain 
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the Searle 
products for research 
autumn bulletin 


MOUSE ANTI THETA SERUM 


itis generally accepted that all cells with the theta 
alloantigen are thymus-derived and the use of cytotoxic theta antisera 
to identify thymus-derived lymphocytes has been widely reported. The two specificities 
of theta antisera are available from Searle, anti theta-C3H and anti theta-AKR. 








MICROCOCCUS 
DNA-DEPENDENT RNA POLYMERASE 


This highly purified enzyme is invaluable for basic studies 
on RNA synthesis, and has recently been used for synthesising anti-mRNA 
strands, for analysing template properties of mammalian chromatin and for 
transcribing the ‘sense’ strand of ribosomal DNA cistrons with high fidelity. 





RABBIT GLOBIN m RNA 


Rapid developments in the purification of messenger RNA enable 
us to offer a highly purified preparation of 9S globin messenger from 
rabbit reticulocytes. This material will be suitable for studies on translation 
in a variety of cell free systems. 





POLY (dT) CELLULOSE 


Recently, it has been shown that most messenger RNA's contain 
long regions of polyadenylate. These regions will bind the messenger 
molecules to poly(dT) cellulose, thus effectively isolating them 
from ribosomal RNA. 











Other Products i Further information on all products available from :- 
Purified Encephalomyocarditis virus- 

in milligramme quantities. *e PRODUCTS FOR RESEARCH 

Six HL-A tissue typing antigera ^ Searle Labaratórlas 

Cultured Human Lymphocyte cell lines- Lane End Road, HIGH WYCOMBE, Bucks, HP12 4HL England. 
in kilogramme qudntities. Telephone: High Wycombe 21124 Telex: 83205 


Ribonuclease Inhibitor Telegrams/Cables: SEARIN High Wycombe 
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New Books from 





COLD SPRING HARBOR LABORATORY 


The Molecular Biology 


Of Tumour Viruses 


Edited by John Tooze 
Imperial Cancer Research Fund 


1973 
743 pp illus , index 
Clothbound, $16 00 


ISBN  0-87969-108-5 
LCC 74-154474 


This book discusses the experiments and hypotheses that 
have brought the study of tumour viruses to its current 
dominating position. There are three introductory chapters on 
the history of tumour virus research, the growth of cells in 
culture, and surface features of cell membranes These are 
followed by six chapters on the various DNA tumour viruses 
and four on RNA tumour viruses Each chapter includes an 
extensive list of references 

Written by a consortium of specialists, all of whom are 
leaders in their own fields of research, the book reflects much 
of the excitement of a fast-advancing field It provides a criti- 
cal account not only of the harvest of important findings 
already made, but also of the intellectual challenge still posed 
by these viruses 


Contents 
Origins of Contemporary Tumour Virus Research 


The Culture of Mammalian Cells 
The External Surfaces of Cells in Culture 


Structure and Composition of Polyoma Virus, SV40 and the 
Papilloma Viruses 


The Lytic Cycle of Polyoma Virus and SV40 
Transformation by Polyoma Virus and SV40 
The Genetics of Polyoma Virus and SV40 
The Adenoviruses 

Herpesviruses 


The RNA Tumour Viruses Morphology, Composition and 
Classification 


Replication of Nondefective RNA Tumour Viruses 
Genetic Transmission of RNA Tumour Viruses 
Genetics of RNA Tumour Viruses 


Contributors 


D Baltimore B Hirt 

T L Benjamin C Mulder 
M M Burger B Ozanne 

L V Crawford U Pettersson 
W Eckhart R Pollack 

R L Erikson B Rozman 
A M Fried J Sambrook 
T Friedman H M Temin 


Readings in 
Mammalian Cell Culture 


Edited by Robert Pollack 
Cold Spring Harbor Laboratory 


1973 
749 pp , illus 
Paperback, $9 95 


ISBN 20-87969-107-7 
LCC 72-78915 


Assembled here are the classic papers on the establish- 
ment of such widely used cell lines as WI-38, HeLa, 3T3 and 
BHK, the development of differentiated, hormone-secreting 
lines, the in vitro assay of tumour viruses, the elucidation of 
the cell cycle, cytogenetics, the synchronization of large 
populations of cells, and the production of heterokaryons, in- 
terspecies hybrids, and enucleated cells 

. 


Contents 
Foundations of Cell Culture 
papers by Harrison, Carrel, Earle, Gey, Eagle, Puck, 
Fisher, Nowell, Hayflick, Choi 
Establishment of Differentiated Cell Lines 
papers by Furth, Buonassisi, Thompson, Yaffe, Schim- 
mer, Augusti-Tocco, Schubert 
Growth-Controlled Cells — * 
papers by Sanford, Abercrombt, Ambrose, Todaro, Aaron- 
son 
Transformation and Reversion 
papers by Temun, Stoker, Todaro, Macpherson, Chen, 
Pollack, Smith 
Mechanisms for the Maintenance of Growth Control 
papers by Holley, Dulbecco, Hsie, Ceccarim, Roth, Burger, 
Unkeless, Ossowski 
Cell Cycle Analysis 
papers by Swift, Stanners, Xeros, Puck, Shall, Kraemer 
Chromosome Structure 
papers by Tyio, Huberman, Pardue, Caspersson, Sumner, 
Wang 
Induction and Isolation of Mutant Cell Lines 
papers by Puck, Chu, Kao, Thompson, Freed, Harris, 
Renger 
Enucleated Cells 
papers by Carter, Goldstein, Prescott, Goldman 
Heterokaryons 
papers by Okada, Harris, Koprowski, Rao, Ladda 
Somatic Cell Hybrid Lines 
papers by Sorieul, Littlefield, Weiss, Kao, Klebe, Wiener, 
Minna, Pontecorvo 


Biohazards in Biological Research 


Proceedings of a Conference 

held at the Asilomar Conference Center 
Pacific Grove, California 

January 22-24, 1973 


Edited by 

A Hellman, National Cancer Institute 

M N Oxman, Harvard Medical School 

R Pollack, Cold Spring Harbor Laboratory 


1973 
369 pp , illus 
Paperback, $5 00 


ISBN  0-87969-113-1 
, LCE 73-84153 


COLD SPRING HARBOR LABORATORY PO Box 100, Cold Spring Harbor, New York 11724 
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PROGRESS IN SURFAGE SGIENGE 


Editor S. G. Davison 


Volume 3 Part 1 

Thermal Desorption Kinetic of Chemisorbed Gases 

L. A. Pétermann 

CONTENTS Introduction, Objectives of thermal desorption experiments, Explicit and implicit 
assumptions, Review of interpretation techniques, Reaction-rate theory, Experimental 
techniques for testing the applicability of rate equations to desorption reactions, Brief 


description of an experimental set-up for desorption measurements at constant temperature, 
Conclustons and summary 










Kinetics of Hillock and Island Formation during Annealing 
of Thin Silver Films 
A. E. B. Presland, G. L. Price and D. L. Trimm 


CONTENTS Introduction, Annealing processes, Present work, Results, Discussion 
Conclusions 


104 pages £2.75,flexi cover 


Volume 3 Part 2 


Surface Phenomena in Solids during Deformation and 
Fracture Processes 


P. A. Rehbinder and E. D. Shchukin 


CONTENTS Universality and chemical selectivity of the effects of reduction in strength and 
plasticity under the influence of adsorption-active media in solids with different types of 
interatomic interactions, Influence of the actual structure of a solid and the external conditions 
on the manifestation of the effects of facilitatton of fracture and deformation in adsorption- 
active media 




















Surface Structure of Simple Fluids 
S. Toxvaerd 


CONTENTS Introduction, Statistical mechanics for uniform fluids and interface non-uniform 
fluids, Equation of state for uniform fluids, Non-untform fluids, Conclusions 


132 pages £2.75 flexi cover 


Volume 3 Part 3 7 
Wionolayers of Lipids in Relation to Membranes 
D. O. Shah 


CONTENTS Introduction, Methods and parameters, Reactions and interactions in monolayers 
in relation to membranes, Lipid-liptd and lipid-protein interactions in monolayers, Monolayers 
and chemical evolution, Surface chemistry and its biomedical implications 


66 pages £1.80 flexi cover 
Volume 3 Part 4 


X-Ray Diffraction Studies of Membranes 
Y. K. Levine 
84 pages £2.50 flexi cover 




















Volume 3 complete 


Collates the four parts detailed above into a compact reference book, with author and subject 
indexes 


372 pages £10 00 hard cover 
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4 Little Essex Street, London WC2R 3LF  Tel:01 836 6633 Telex * 262024 


WASHINGTON 
711 National Press Building, Washington DC 20004 Tel : 202 737-2355 Telex 64280 


Thoughts from the Tank 
Using Prediction Properly 


OLD WORLD 


Science and the Cambridge By-pass/Marine Research/ 
Glaxo Awards/Indian Astronomy/Astronomy 


NEW WORLD 


Congress's Stand the Unkindest Cut Yet/Budgets/Soviet 
Union 


NEWS AND VIEWS g 


NASAs Sensors Focusing on Comet Kohoutek/Regulation 
of Vitamin D Metabolism/New Mode of Aerodynamics/ 
Genetics/Juvenile Hormone/Geodesy/Earth's Magne- 
tic Field/Gamma Ray Spectroscopy/Nuclear Physics 


ARTICLES 


Changing Attitudes towards Science among Adolescents— 
AHLGREN and WALBERG (Harvard) 


Climate—Rainfall patterns and general atmospheric’ 
circulation—WINSTANLEY (139 Trinity Road, 
London) 


Phage T7 DNA replication — Function and purification 
of gene 4 protein of phage T7—STRATLING and 
KNIPPERS (Tubingen) 


LETTERS TO NATURE 


Physical Sciences 


Comets—Development of an H,O atmosphere around 
Comet Kohoutek (1973F) and its possible detection 
—IP and MENDIS (California, San Diego) 


Page 


173 
174 


175 


177 


179 


187 


190 


197 


Solar System—Comet Kohoutek and the dust cloud 
model—LYTTLETON (Cambridge) 


X-ray background—Gamma-ray bursts and the diffuse 
flux of cosmic X-rays—HILLIER (Bristol) 


Moon—Chemical evidence for melting and differentia- 
tion—TAYLOR (Australian National University) 


Stratosphere—Measurement of nitric oxide from infra- 
red spectra — ACKERMAN, FRIMOUT, MUL- 
LER, NEVEJANS (Institut d'Aéronomie Spatiale de 
Belgique, Brussels) FONTANELLA, GIRARD and 
LOUISNARD (Office National. d'Etudes et de 
Recherches Aérospatiales, Chatillon) 


Sparks—Radio detection of low energy electrostatic 
sparks—CHUBB, ERENTS and POLLARD (Culham 
Laboratory) 


Biological Sciences 


Pituitary—Melanotype stimulating hormone may con- 
trol sebum secretion in mammals—THODY and 
SHUSTER (Newcastle upon Tyne) 


Leukocyte—Peroxidase content may be important in 
antimicrobial activity —8RUNE, SCHMID, GLATT 
and MINDER (Basel) 


Rhodopsin—Estimation of the rotational relaxation time 
of rhodopsin in the visual receptor membrane— 
TRAUBLE and SACKMANN (Max-Planck-Institut, 
Gottingen) 


Nutrition—Orotic aciduria and arginine deficiency— 
MILNER and VISEK (Cornell University) 
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Notes of articles appearing next week in Nature 
Physical Science and Natu € New Biology will be found 
. . 


on page 184 
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Maritime Studies 


and Management 


Editor Professor A D Couper, University of Wales 


plus FREE RECORD CATALOGUES Institute of Science and Technology 


For REAL discounts on records you must buy from Discount 
Records All brand new and guaranteed Top labels from 
around the world — classical, Jazz, folk, show, children s etc B Assistant Editors C H Cotter, P H Fricke, W E 
Discounts up to 6096/7096 off rec. retail price Why pay more? Scobie, University of Wales Institute of Science and 
No membership fees, no obligation — order only what you hnol 
want when you want it — REAL discountsl Technology 
a eee ee ee ee eee ee SO GO NM 
m Dept " DISCOUNT RECORDS TD SL fonema Pronttord Middx TW8 OOP There IS an increasing amount of maritime research 
nn, | "70350 5004 mY free cleaning cloth and catalogue today being undertaken by economists, geographers, lawyers, 
sho [| NAME social scientists and maritime studies specialists 
Mine nA ap E ADDRESS within universities and colleges, and by managers and 
planners in industry, government and international 
agencies Many of the results are inaccessible other \ 
than through specialist publications relating to particu- j 


BACK VOLUMES OF lar disciplines This new journal will bring together 


papers concerned with the maritime world which will 


SCIENTIFIC PERIODIGALS be of interest and value to teachers, research workers 


and managers 








We are always interested in buying your collections of 

duplicates of Scientific, Technical and Medical Journals at Frequency Quarterly 

the highest prevailing prices Please send us yoyr lists of 

surplus journals, which will receive our immediate attention Subscription 

We are Distributors of Back Issues of Journals including Libraries £8 00 per annum 

Pergamon Press Journals and many other Publishers, We Additional £6 00 per annum 

invite you to write in for our regularly issued Bulletins and Private £6 00 per annum 

Catalogues and should be pleased to be of assistance in 

your acquisitions meee ee SS es Se ee ES 
BUMPUS HALDANE & MAXWELL LTD. SCIENTECHNICA (PUBLISHERS) LTD 
Back Issues Department 2E 42-44 Triangle West, 

4 Midland Road, OLNEY, Bucks, England Te! Bedford 711529 i Bristol, England BS8 1EX X 








The Plant Root and Its Environment 


Edited by E W Carson, Jr, Virginia Polytechnic Institute and State Unwersity 
xxu, 714 pp (int), illus , diagrams, charts, index $12.50 


This volume presents the first comprehensive study of the plant root, its functions and 
processes, and the interaction of the root with its environment The structures, physiology, 
and biochemistry of the root are examined in an effort to relate internal root activities with 
the multitude of external biological, chemical, or physical influences The first half of 
the book concentrates on the biological aspects of the root It considers both root activities 
and root-shoot interactions and extends to plant root diseases, mycorrhiza, and the effects 
of pH on root physiology. The second half of the book deals with the physical and chemical 
aspects of the soil of root environment Physical soil characteristics are surveyed 1n detail, 
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The intention of this volume is to foster in the student both a grasp of the theoretical principles of the subject 
and a sound practical approach to the solution of problems by numerical methods The authors begin with a 
logical, self-contained description of this lively and important branch of mathematics and follow it with chapters 
on methods for approximation of functions and data, numerical integration, the solution of linear and non-linear 
algebraic equations and the solution of ordinary differential equations A very large number of worked examples 
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NATURE 
Thoughts from the Tank 


Lorp ROTHSCHILD, head of the government’s Central 
Planning Review Staff, delivered a serious warning to 
Britain ın a speech to the Agricultural Research Council 
this week Although the speech was billed as a preview 
to the Letcombe Laboratory’s Open Day on “Root Func- 
tion and the Soil" it ıs difficult to believe that Lord 
Rothschild was only addressing himself to those involved 
in scientific research Nevertheless a train of thought now 
familiar to scientists dominated his speech His main point 
was that unless corrective action 1s taken, Britain 1s going 
to slip steadily down the European economics league until 
by 1985, say, GNP per capita 1n Great Britain will be only 
half what itis in France and Germany Such a slide could, 
in his view, only be counteracted by strong measures We 
should abandon delusions of grandeur which were appro- 
priate to Victorian times and “realise that we have neither 
the money nor the resources to do all those things we 
would like to do — " This was coupled fairly obviously 
in his speech with remarks on the difficulty during times 
of high unemployment of scrapping Concorde "even if 
that were a good idea", or the difficulty of stopping 
thinking it reasonable to have four different types of 
nuclear reactor on the go at the same time It was 
necessary that "every man and woman m the country be 
made aware of the dangers and difficulties ahead" 

Thus Lord Rothschild added his voice to several influ- 
ential ones heard recently on the subject of the decline of 
Britain as an economyc power The British, ıt 1s true, are 
prone to extraordinary fits of self-denigration, aided and 
abetted by the daily press, but warnings 1n the past year 
that we shall end up a nation of peasants and now this 
authoritative pronouncement have rather more to them 
than a quirk of national character 

One should say at the outset that Lord Rothschild has 
done a great public service by speaking out atlast There 1s 
bound to be a certam amount of tut-tutting in Whitehall 
over a civil servant (even if a temporary one) telling the 
public the conclusions of work for which the public has 
paid Perhaps a healthy precedent 1s being set and more 
government experts will follow suit The question of 
propriety 1s totally irrelevant, however, to the much 
broader issue of whether what has been said 1s true, 
whether 1t 1s desirable to remedy 1t and if so how 

It 1s generally agreed that Britain's growth rate 1s not 
that of other countries and it needs no more than the 
binomial theorem to demonstrate that we shall lag behind 
increasingly ın the 1980s if present trends continue And 
present trends can only be reversed by some dramatic 
action A very serious cutback in the government's spend- 
ing on symbolic items would make a lot of sense, and 
Concorde ıs a most logical target for this There is a 
great danger that when Concorde has its certification and 
1s demonstrated not to pollute as much as the environ- 
mentalists had feared (or hoped), the country will breathe 
a sigh of relief, mentally write off the hundreds of millions 
spent and declare that all’s well that ends well This 1s a 
problem that will arise repeatedly in the future—that 
public attention 1s so focused on peripheral objections 


that once they have been overcome or shown groundless 
there is no concern left for the central issue of whether a 
project should have been done at all 

Lord Rothschild, however, calls for more than just 
fiscal caution from government ın its big spending He 
uses World War II analogies to urge a new spirit in the 
country “In those days everyone got down to doing what 
the country needed him to do" Here he 1s on much more 
dangerous ground 

He 1s following the same path and he 1s likely to have 
as little success as did the Duke of Edinburgh with his 
celebrated and blunt advice some years ago The failure 
of past threats of impending British decline should be 
sufficient warning to Lord Rothschild that there 1s some- 
thing flowing deep in the national character which resents 
gratuitous advice from on high The social divisiveness 
which still lingers in Britain impedes a consensus on ım- 
proving productivity and any attempt to urge people to 
work harder 1s bound to create the cynicism which adds 
to the divisiveness W111 5% more effort (even if possible) 
mean 5% more income? 

Furthermore a divisive project such as Concorde 
which siphons off government money into faster trips 
for richer men can be seen as Standing in the way of sub- 
sidies for more effective ground transportation which will 
improve the standard of living for many more people This 
is undoubtedly what Lord Rothschild 1s all about but, 
bluntly, 1s he the best man to say these things? Our 
man-in-the-street wonders how his office has remained so 
quiet on the subject for three years suddenly to emerge 
threatening and advising 

Another question remains Is an appeal (regardless of 
whence it comes) for help in economic growth rejected 
unconsciously by a large proportion of the public at 
present? This seems an issue of high importance as 1t may 
be a pointer to an increased reluctance in the years to 
come to work harder for purely economic purposes Toa 
certain extent, Lord Rothschild has anticipated this 
question by acknowledging that this is, by and large, a 
very nice country to live in, and thus a reasonable reaction 
ıs to wonder why there ıs so much fuss about economic 
indicators His own reply is that lack of economic 
buoyancy leads to reduced capital expenditure on raising 
the quality of life, and there is undoubted truth ın this. 
The problem, however, 1s that Britain may just be weary 
of industrial growth and may be saying in quite a 
sophisticated way that 1t wants out regardless of the cost 
Several years ago Mr Harold Wilson was much taken with 
the idea that Britain should play Athens to the United 
States’ Rome Much has changed since then, of course, 
but the idea of a different type of development for different 
countries 1s one which deserves serious attention Rather 
than attempting to whip up some fervour for economic 
growth in a country that may be on the verge of rejecting 
it as a national aim, Lord Rothschild might well put his 
and his unit's considerable abilities to work in pondering 
this rejection and seeing how we can live with it rather 
than fight ıt 
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Using Prediction Properly 


Up to 1970 no one had yet predicted an earthquake and 
there was no prospect of success Certainly Nature 
received and declied a large number of manuscripts 
seeing strange comcidences in the time and location of 
past earthquakes and proposing, either with the aid of 
the Moon, the Sun or some strange and as yet undis- 
covered symmetry within the Earth, that there would be 
a quake in South America within the next five years, or 
some similar impossible-to-fail prophecy As a scientific 
discipline, however, prediction did not exist 

The change has been remarkable Not only have a 
whole class of premonitory symptoms been identified for 
certain earthquakes, but there are the makings of a physi- 
cal theory We need not elaborate here—last week we 
reviewed the most recent work (Nature, 245, 121) It 
seems that the rocks in the vicimty of a fault prepare 
themselves for an earthquake in the same way that one 
takes a deep breath before sneezing . 

This 1s good news, especially as many geophysicists, 
with much justification, could see no clear-cut reason 
why there had to be any premonitory symptoms at all, 
let alone ones that could be easily detected It 1s neces- 
sary to say, of course, that we have not moved from a 
state of complete ignorance to one of complete under- 
standing—there are as yet few case histories and many 
doubts, nonetheless the mood 1s clearly optimistic 

It is now urgently necessary to think seriously about 
the social issues that this new knowledge raises The 
situation 1s in some ways similar to that in 1939 when 
nuclear fission suddenly became a reality The prospects 
for society are neither uniformly good nor uniformly bad 
and there 1s still time, but relatively little, to explore ways 
in which good prospects can be encouraged and bad ones 
minimised What are the prospects ten years hence? 

A rather clear warning of many earthquakes will be 
available Their size, their location to within a few tens 
of kilometres and their time of occurrence to within a 
month or two, should be predictable 

Techniques used will be relatively cheap and involve 
no complex new equipment that only governments, for 
instance, would be able to afford 

Interpretation will not require unusual skills—no more, 
probably, than a skilled technician would have 

It will be impossible to suppress such mformation or 
keep 1t behind some security screen 

The technology and skills will be marketable and 
exportable rather like an air traffic control system 

Property values will be affected by earthquake warnings 

What little is known about population movements 
suggests that there will be a marked reluctance to leave 
homes for months on the basis of scientific advice 


It will still be next to impossible, given even rather e 


precise predictive information, to say with any confi- 
dence what damage an earthquake will cause *. 
Earthquake prediction is founded on the same physica! 


basis as the fairly successful but as ‘yet very modest scale e 


work on earthquake control Thus success in prediction 
will lead to demands for success 1n control 

All of which suggests that without sustained wise and 
firm action the benefits will be extensively mixed with 
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misadventures Will earthquake prediction and control 
need a Hiroshima of its own before there 1s widespread 
thought on the subject? 

It 1s not easy to see the most logical steps to be taken 
at present to keep this new skill under strict. control 
While there 1s an obvious need for research to continue 
with as much vigour as possible, it would be folly to 
leave to the scientist the job of public information And 
yet the scientist may be infuriated if his clear conclusions 
are watered down in the interest of public tranquillity 
From a previous era, when the only prediction could be 
that if it has happened in a spot once it can happen again, 
there are many examples from all over the world of 
rebuilding for convenience exactly where the previous 
damage had occurred More must be expected of an 
earthquake defence policy in the future 

The problem 1s that there 1s no organisation at present 
remotely suited to the job of preparing such a policy The 
skills that will be needed are as much political, military 
and financial as scientific, mdeed the sort of organisation 
that may be best fitted to assess and make decisions 
could well have many features much closer to those of a 
defence ministry than those of a science ministry 

Can such an organisation be international, for instance 
under UN auspices? It ıs not clear whether within UN 
confines the operation could transcend serious political 
and administrative obstacles A more realistic analogue 
1$ the international corporation with vigorous activity 
within each of its members directed at the specific needs 
of the country and drawing its financial support from that 
country and yet transferring management and skills 
across frontiers ın response to immediate needs 

The organisational character 1s disputable, the need 
for a rapid response to a new-found skill is not Those 
who doubt this should spend ten minutes listening to 
Dukas’ L’A pprent: Sorcier 





The Frog is the never-faiing resource for the physiological 


experimenter It would be long indeed to tell the sufferings of 
much enduring frogs in the cause of Science! What Frogs 
can do without their heads? What their legs can do without 
their bodies? What their arms can do without either head or 
trunk ? What is the effect of the removal of their brams? How 
they can manage without their eyes and without their ears? 
What effects result from all kinds of local irritations, from chok- 
ings, from poisonings, from mutilations the most varied ? These 
are the questions again and again addressed to the little ammal 
which perhaps more than any other deserves the title of ‘the 
Martyr of Science ” 


From Nature, 8, 470, October 2, 1873. 
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Science and the Cambridge By-pass - 


Lasi week's announcement by Mr John 
Peyton, Minister for Transport Indus- 
tries, that approval has been given for a 
northern by-pass for Cambridge and for 
the extension of the M11 to form a 
western by-pass has raised fewer hackles 
in Cambridge than might have been 
expected 

The new roads will affect the 5 kılo- 
metre radio telescope at Lord's Bridge, 
the University Farm, the Medical Re- 
search Council's. Animal Behaviour 
Unit, the National Institute for Agricul- 


tural Botany and the Agricultural 
Research Council’s Plant Breeding 
Institute 


But the inspector’s 300 page report 
which has now been published, follow- 
ing an inquiry that took from February 
to July last year, seems to have mollified 
many fears, or at least set them in 
abeyance 

More than 170 objections to the 
western by-pass were entertained by the 
inspector, and the complaints of the 
research stations were among the weight- 
jest 

Professor Sir Martin Ryle, Astrono- 
mer Royal and Director of the Mullard 
Radio Astronomy Observatory, raised 
objections to the radie interference that 
15 Itkely from the new road The inspec- 
tor, Major General R C A Edge, states 
that the objection “merits most serious 
consideration", but finally concludes 
that "during the forecast 20 years useful 
life of the 5 kilometre telescope, there 
will be no serious threat of interference 
with the operations of the Lord's Bridge 
Radio Observatory" providing certain 
conditions are met 

Sir Martin's fears were that in the 
short term engine ignitions and the use 
of vhf and uhf radios by police and 
service vehicles could interfere with the 
telescope, and in the longer term, that 
motorway guidance systems mught be 
introduced during the next twenty-five 
years These would be microwave devices 
which might radiate in the frequencies 
received by the telescope, or produce 
undesirable spurious harmonics 

'The first of these fears 1s calmed by 
the planned provision of a bank and 
a metal screen some 5 metres high But 
the second is not so easily dismissed 
'The inspector's report quotes evidence 
from the Department of the Environ- 
ment that some sort of automated 
guidance "is likely to find a successful 
application in this country before 1980” 
Fog ıs common ın the area through 
which the motorway will pass, and Sir 


Martin pointed out in his evidence that 
if a system that does successfully prevent 
accidents is developed, there will be 
enormous pressure for its introduction 
“I must therefore regard it", the inspec- 
tor concludes, “as a serious possibility 
that the system will be installed on the 
western by-pass some years before the 
end of the 5 kilometre telescope's work- 
ing life" 

Sir Martin. has, however, received 
some assurances from the Ministry of 
Posts and Telecommunications and the 
Department of the Environment that 
the telescope will be protected from 
interference, and that there are no plans 
to allocate the bands used for radio 
astronomy to new radio-location devices 


Sir Martin said this week that his fear 
is that when a new system is introduced 
it will have to be mass produced to be 
usable on all cars It is therefore likely 
that the transmitters will produce 
spurious harmonics which could affect 
the telescope The inspector states that 
he 1s aware of this problem, which Sir 
Martin aired at length at the inquiry 
The Department of the Environment is 
also aware of it, and stated in evidence 
that “(microwave) equipment would not 
be approved 1f it seriously interfered or 
was capable of interfering with other 
forms of equipment including radio tele- 
scopes” 

Given this assurance, the inspector 
concludes that the road can go ahead, 





MARINE RESEARCH 


Old Bouts for New ? 


THERE are fears that the work of the 
Marine Biological Association at 
Plymouth is likely to suffer m the near 
future for lack of an ocean-going 
research vessel 

Plans to provide the association with 
a new research vessel to replace the 
twenty-year-old Sarsia have been under 
consideration since 1968, but the present 
shortage of money and the policy of the 
Natural Environment Research Council 
(NERC) of centralising ship facilities 
has meant that plans to build a new 
139 foot ship at a cost of between 
£400,000 and £600,000 have been 
repeatedly deferred | Originally the new 
ship was to enter service in 1973 

Since the beginning of the century, 
when the Marine Biological Association 
(now financed through NERC) was 
already responsible for fisheries 
research, the association has had a deep- 
water vessel—first the Huxley, then 
the 90 foot steam drifter Salpa, followed 
in 1953 by the Saisia 

At present the association's fleet con- 
sists of the 128 foot Sarsia, which has 
just returned from an expedition to the 
Sognefjord ın Norway, with three 
smaller boats of 35, 45 and 60 foot 

The Sarsia, whose research has taken 
it to the Bay of Bfscay, to the southern 
North Sea and off the west coast of Ire- 
land, has chiefly been used for studies 
of physical and chemical oceanography, 
the plankton and banthos of the western 
English Channel and approaches, and 
the physiology of shallow water fishes 
and cephalopods Other studies have 
included subjects such as vision and 


buoyancy of deep-sea fishes, the fauna 
of the continental slope between Ireland 
and Spain, the geological structure of 
the edge of the continental platform to 
the south-west of Britain, and the sedi- 
ments of the eastern English Channel 
and southern North Sea Much of this 
work could not be carried out with 
the association’s smaller vessels, which 
cannot stay at sea for more than a day 
or so 

Work undertaken on the Sarsia has 
produced more than 240 papers during 
the ship's twenty years of hfe, and, al- 
though now obsolete when compared 
with other research vessels of her size, 
she may be used for a few years yet 

A final decision has not been taken 
on whether a new ship should be pro- 
vided for the Marine Biological Associa- 
tion, but the indications are that if a 
new ship is approved it will be for the 
NERC's research vessel base at Barry 
Docks ın Glamorgan ‘This possibility 
IS causing concern to some oceano- 
graphers in the south-west, who fear that 
having to share a research ship based 
1n Wales rather than at the western end 
of the Englsh Channel will hamper 
work that 1s now easily carried out from 
the Plymouth base 

Only about a quarter of the associa- 
tion's research involves the largest of its 
vessels, but with France rapidly build- 
ing up new oceanographic laboratories 
and a new university at Brest, in addi- 
tion to the reorganised fishery labora- 
tory based at Nantes, ıt may be that 
Brittany wil have to contine the 
marine biological research in. the 
western Channel and northern Bay of 
Biscay, areas’ which dre at present 
patrolled by the ageing Sasia 
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but warns that “failure of the depart- 
ment in this respect would, in my 
opinion, amount to culpable irresponsi- 
bility” 

The problems of the other institutes 
are somewhat different As with the 
observatory, the Animal Behaviour Unit 
has not yet had a copy of the report to 
examine, but its initial reaction 1s one 
of relief that the inspector has recom- 
mended screening barriers to cut down 
noise from the motorway, which the 
unit claimed could seriously hamper 
work on animal calls The inspector 
also recommends that the barrier 
“should be in position before con- 
struction work starts” 

The University Farm suffers from the 
motorway in that a number of its experi- 
mental plots are involved The farm 
serves as a research station for the 
Department of Applied Biology, and 
drainage and crop rotation experiments 
will be affected 

The crop experiments involved are 
all long term studies running for many 
years One will be seriously truncated, 
one of the three portions of the experi- 
ment being completely obliterated with a 
second losing a small corner. A second 
experiment 1s in quadruplicate and 
one of the four blocks will be affected, 
but the inspector concludes “that loss 1s 
too small to render the results valueless” 
Professor James Beament, Head of the 
Department of Applied Biology agrees 
with this so far as 1t goes, but points 
out that having a motorway running 
along the side of the plot will change the 
atmospheric conditions The drainage 
experiment will also be affected as the 
motorway runs along the lines of the 
drains The Department of the En- 
vironment has undertaken to provide 
drainage to match that already in exist- 
ence, and providing this 1s done—and 
it is not that simple a task—the effect of 
the by-pass should be minimal 

At the National Institute for Agricul- 
tural Botany, ten acres of land will be 
lost to the northern by-pass, but Dr Peter 
Wellington, the institute’s director, says 
that there was so much advance warning 
that the road might be built that the 
institute has bought some land well away 
from the by-pass, and with the Depart- 
ment of the Environment's cooperation 
the effects should be minimal The 
Plant Breeding Institute has greater 
problems, as the western by-pass cuts 
through its land, isolating five fields at 
the Harston end of the institute 


GLAXO AWARDS 


Maddoxian Success 


THE eighth annual Glaxo Award for 
science writing in British nationaf 
journals and newspapers has heen made 
to Mr John Maddox, former editor of 
Nature and now chairman of Maddox 
Editorial This year, three other awards 
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27: 
Mr John Maddox 


have been made, each, like the national 
award, worth £500 for radio and tele- 
vision work, to Mr Alec Nisbett (BBC), 
for a journalist working in the regions, 
to Mr Geoffrey Lean (Yorkshne Post), 
and for work published in a technical 
or house magazine, to Mr Colin Tudge 
(New Scientist) 

The awards are in the form of travel- 
ling fellowships, in making the presenta- 
tion on behalf of Glaxo Mr J G N 
Drewitt, one of the directors, cited in 
particular the breadth of Mr Maddox's 
writing, on topics ranging from the 
environmental issue to special relativity, 
during the calendar year 1972 Mr 
Maddox submitted the following for 
consideration his book The Doomsday 
Syndrome, an article in Daedalus (Fall 
1972), an article in Nature (236, 267) 
and Nature leaders (235, 63, 236, 417, 
and 239, 242) 


INDIAN ASTRONOMY 


Forming a Central Voice 


AT their fourth attempt, Indian astrono- 
mers have founded a national astrono- 
mical society The Astronomy Society 
of India, as it has dubbed itself, came 
into being late last year and has now 
acquired 150 members throughout India 

The society, a private one financed 
entirely from its members subscriptions, 
1» to hold its first general and scientific 
meeting at the Centre of Advanced 
Study in Astronomy at Osmania Univer- 
sity, Hyderabad in January next year 
The teaching of astronomy ın India will 
also be discussed 

The new society ig the result of the 
enthusiasm of Professor K D Abhyan- 
kar, now the society's secretary, who in 
1971 sent a queftonnarre to Indian 
astronomers proposing the formation of 
ASI The responsÉ was enthusiastic 
Indian astronomers have maintained 
for some years that a central forum was 
needed, but previous attempts to form 
an astronomical society have foundered 
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The most recent was the Indian Astro- 
nomical Association. formed in 1958, 
but this failed to achieve wide support 
The new society has already produced 
its first bulletin and has plans to publish 
a scientific journal, but according to 
Professor Abhyankar "considering the 
financial aspect we feel that it could be 
some time before this goal materializes" 
The society 1s attempting to recruit insti- 
tutes as members to boost finances, and 
various government departments and 
agencies are being asked for support 
Having no official status, the ASI will 
not directly advise government, but “the 
society ıs bound to discuss in its meet- 
ings astronomical matters of national 
interest, and resolutions, if any, passed 
by the society will be forwarded to the 
government", according to Professor 
Abhyankar The society also plans to 
examine the development of science in 
India, but "it ıs too early to say 1n which 
direction pressure may be applied" 


ASTRONOMY 


Educating the British 


THE Junior Astronomical Society 
"junior" in terms of astronomical expert- 
ence, rather than age-—has just celebra- 
ted its twentieth anniversary with a 
meeting at the Royal Institution last 
week Amidst the appropriate celebra- 
tions, which included a talk by Profes- 
sor Dennis Sciama on the Origin of the 
Universe, a film about Apollo 17 and 
suitably festive refreshments, Professor 
Jack Meadows was allotted a few 
minutes to discuss*astronomy education 

Fresh from the first meeting of the 
Royal Astronomical Society's Education 
Committee, Meadows was well placed 
to focus the attention of the JAS on this 
topic, over the next twenty years mem- 
bers of the JAS can certainly expect to 
play a part in relevant educational 
developments, even if the Society itself 
1s unlikely to be formally involved with 
any moves by the Department of Edu- 
cation and Science 

Meadows sees the problem of astro- 
nomy education in Britain as one of 
breaking into the circle whereby little 
or no astronomy is taught in schools 
because there are few qualified teachers, 
and there are few qualified teachers 
because the subject ıs not taught At 
university level, astronomy ıs reason- 
ably well established as a vocational 
course, but there is a growing body of 
opinion tbat astronomy can provide a 
valuable ancillary course throughout 
the educational system, providing an 
insight into how physics and mathe- 
matics work in reality One hopeful 
approach to breaking the vicious circle 
mentioned by Meadows lies 1n providing 
astronomy courses as part of in-service 
“refresher” training of teachers—but 
the DES will not at present finance such 
courses, he says 
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Congress’s Stand the Unkindest Cut Yet 


by our Washington Correspondent 


ALTHOUGH there have been many loud 
complaints on Capitol Hill in the past 
few months about the Nixon Admmnis- 
tration’s parsimonious attitude towards 
science, Congress has succeeded in 
giving the budget of the National 
Science Foundation perhaps the worst 
mauling it has received for years Not 
only are the Senate and the House of 
Representatives both about to chop $13 
million from the  Admiunistration's 
already meagre budget request for the 
foundation (see box), but they have also 
managed to arrange matters so that 
basic research will be particularly hard 
hit One NSF official estimated last 
week, for example, that more than $30 
milion may have to be cut from the 
amount that the foundation was hoping 
to spend this year on research support 

The foundation's troubles can be put 
down partly to the tortuous nature of 
the Congressional appropriations pro- 
cess, but the chief problem 1s that the 
NSF has got caught in the middle of 
the bitter struggle between Congress 
and the Admunistration over which 
branch of the government should con- 
trol the pursestrings * What happened, 
in Short, 1s that while Congress has cut 
the NSF's total budget request, it has 
also decreed that some of the founda- 
tion's activities should get more money 
than the Administration wants to 
spend, in the process, basic research 
has been shortchanged Moreover, if 
the Office of Management and Budget 
impounds any of the NSF’s money--as 
it has in the past four years- -the founda- 
tion will be in dire financial straits 

The National Science Foundation ts 
one of the few government agencies for 
which Congress passes two separate 
budget bills—an authorisations bill and 
an appropriations bill The former 
simply sets upper limits on the amount 
of money that can be spent on indi- 
vidual NSF programmes, while the lat- 
ter stipulates exactly how much money 
should be made available to the foun- 
dation The idea 1s that the authorisa- 
tions bill sets priorities for the founda- 
tion’s programmes, establishes guide- 
lines for the committees which handle 
the appropriations bill, and provides an 
extra measure of Congressional con- 
trol over the foundation's activities 
But this year, instead of simply setting 
upper spending limits, the authorisa- 
tions bill also establishes minimum 
spending levels for a few selected pro- 


grammes, and it is those which are 
causing much of the trouble 

The reason for putting the minimum 
spending levels into the authorisations 
bill 1s to try to prevent the Administra- 
tion from ignoring the priorities that 
Congress wants to establsh for the 
foundation In the past few years, 
Congress has been concerned about the 
level of funding for the NSF's educa- 
tion and graduate student support pro- 
grammes, and it has consistently n- 
creased the budgets for those activities 
But the Administration has simply re- 
fused to spend the extra money. 

Specifically, the authorisations bill 
sets minimum spending levels for the 
foundation's science education, institu- 
tional 1mprovement, graduate student 
support, and oceanographic vessel con- 
struction programmes Together, those 
spending levels add up to some $183 
million more than the Admunstration 
wants to spend It would have been 
fine if the appropriations committees 
had increased the Admunistration’s total 
budget request for the foundation by at 


least that amount, but they didn't In- 
stead, they decreased it by $13 million. 

The upshot is that 1f the Administra- 
tion obeys its Congressional mandate, 
the budgets for those programmes un- 
protected by the minimum spending 
levels must be cut by a total of $313 
million—the $13 million overall reduc- 
tion in the foundation's budget, plus 
$183 million. which will have to be 
transferred to comply with the mını- 
mum spending requirements The bulk 
of the unprotected programmes happen 
to be scientific research project support, 
national and special research pro- 
grammes and support for national re- 
search centres-—the foundation's basic 
research programmes 

But the problems do not end there, 
for the foundation's programme of 
Research Applied to National Needs 
(RANN) has been caught in exactly the 
same predicament. The authorisations 
bill stipulates that “no less than" $25 
million must be spent on RANN pro- 
jects 1n energy research, and $8 million 
on earthquake research The Adminis- 





BUDGETS 


Hit by a Limousine 


by our Washington Correspondent 


CONGRESS has finally agreed on the size 
of the budgets for the National Science 
Foundation and the National Aero- 
nautics and Space Admunistration for 
the 1974 fiscal year Both agencies are 
set to receive less money than the 
Administration had requested But 
final passage of the appropriations bill 
which contains their budgets is being 
held up by a strange dispute over the 
use of chauffeur-driven limousines 
by government executives — Earlier this 
month, the bill was sent back to a 
House-Senate conference committee to 
iron out disagreements on tbe matter 
The same conference committee 
managed to agree in August on how 
some $19,000 million should be spent 
by the Department of Housing and 
Urban Development, NASA, NSF and 
some other government agencies But 
it failed to reach agreement on a provi- 
sion, sponsored by Senator Proxmire and 
passed by the Senate, which seeks to 
prevent  governmefit executives in 
agencies covered by the bill from riding 
to work ın government limousines 
Both the House and the Senate have 
now agreed to the figures contained in 


the appropriations bill, and they will 
not be reopened to debate, but the 
Senate continues to insist that the Jimou- 
sine restrictions be included in the bill 
while the House 1s equally adamant that 
they be kept out Until one side or the 
other backs down ın the conference com- 
mittee, the appropriations bill will hang 
in limbo The General Accounting 
Office has, however, been requested to 
make a full study of the use of limou- 
sines throughout the government, and 
the Senate representatives in the com- 
mittee are expected to back down until 
the study has been completed 

As for NASA and the National 
Science Foundation, the appropriations 
bil contains $3,002 mulhon for the 
former and $596 6 million for the latter, 
which ıs some $139 milhon and $13 
million respectively less than the ad- 
ministration had requested In the 
past few years, however, the Office of 
Management and Budget has m- 
pounded some $598 million in funds 
appropriated by Congress for NSF, and 
if that money is released this year—as 
the Administration's budget indicates— 
the foundation will have some $628 5 
million available That would give the 
foundation $13.5 mullion more than 
OMB released last year, put it still falls 
well short of the $6457 million that 
Congress appropriated last year 
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tration had requested $207 million and 
$7 million respectively for those pro- 
grammes, thus Congress has decreed 
that an extra $43 million must be 
found for them But, at the same time, 
the final version of the appropriations 
bill has reduced the total request for 
RANN from $80 million to $72 milion, 
which is only $2 million more than it 
received last year Again, the upshot 
1$ that RANN programmes unprotected 
by minimum spending levels must suffer 
a reduction of $12 3 million 

The authorisations bill has already 
been completely agreed to by Congress 
and signed into law, thus it cannot be 
altered As for the appropriations bill, 
it 1s highly unlikely that it can be 
altered at this stage Although the bill 
has not yet finally cleared Congress, the 
figures for the NSF have been agreed to 
by both the Senate and the House and 
they will not be reopened to debate 

One remedy, of course, would be for 
the Administration to do exactly what 
it has in the past—ignore its Con- 
gressional mandate by impounding the 
extra funds voted for the education 
programmes and spread the $13 million 
reduction as it sees fit But the Ad- 
ministration 1s already facing some 50 
court challenges of its power to im- 
pound funds which have been appro- 
priated by Congress in the normal way, 
and it would be skating on very thin 
legal ice if it attempts to withhold 
money to which Congress has attached 
a minimum spending requirement 


SOVIET UNION 


by our Washington Correspondent 
SoviET physicist Andrei D Sakharov 
and other dissident intellectuals in the 
USSR received their first official support 
from the United States Congress last 
week A resolution, roundly condemn- 
ing the “campaign of the Soviet govern- 
ment to intimidate those who have 
spoken out against repression of political 
and intellectual dissent”, was attached 
to the State Department Appropriations 
Bill and passed by the Senate without 
opposition Although it expresses only 
the Senate’s concern about the matter 
and ıs not binding on the Administra- 
tion, the resolution also calls on Presi- 
dent Nixon to “use the medium of 
current negotiations with the Soviet 
Union, as well as informal contacts with 
Soviet officials, in an effort to secure an 
end to repression of dissent” 
Sponsored by Senator Walter F Mon- 
dale, a liberal Democrat from Minne- 
sota, the resolution provides fair 1ndica- 
tion of the outlook for other, more 
hard hitting, measures designed to force 
internal change within the Soviet Union 
that are looming on the legislative 
‘horizon in the United States Those 
measures, 1f enacted, could cast a cloud 


over the growing detente between the 
United States and the USSR, a signifi- 
cant part of which is the wide range of 
scientific and technical agreements 
recently negotiated 

The most prominent of such measures 
is the so-called Jackson Amendment to 
the Trade Bull, which is an attempt to 
use the Soviet government’s desire for 
expanded trade with the United States 
to force it to liberalise its attitude to- 
ward dissenters and to allow Jews and 
others the freedom to emigrate The 
amendment, sponsored by Senator 
Henry M Jackson in the Senate, and 
in the House of Representatives by 
Wilbur D Mills, the chairman of the 
House Ways and Means Committee, and 
by Charles Vanik, would prevent the 
administration from relaxing tariff 
barriers and extending credit to the 
Soviet Union until the Soviet govern- 
ment grants its citizens freedom to 
emigrate 

The outlook for the amendment in 
the, House is difficult to predict, but 
it seems clear that some such restrictive 
measure will be attached to the Trade 
Bill The Jackson Amendment has 
already gathered 77 co-sponsors in the 
Senate, and with the lack of opposition 
to Mondale’s resolution, ıt would be 
surprising 1f it did not pass easily Atten- 
tion at present is focussed on the House 
Ways and Means Committee, which has 
the bill under consideration—it 1s a 
legislative quirk that all trade bills 
must be passed by the House before 
they can be taken up by the Senate— 
and the committee 1s under pressure 
from an odd assortment of bed-fellows 

Arguing in favour of the Jackson 
Amendment 1s a coalition of liberals, 
conservatives and Jews, while the Ad- 
ministration and large corporations are 
taking the line that the United States 
has no right to interfere in the internal 
politics of the countries with which it 
trades But one of the most prominent 
supporters of the Jackson Amendment 
1s Sakharov himself He wrote an open 
letter to the United States Congress on 
September 14, which has subsequently 
appeared as a full-page advertisement 1n 
several prominent United States news- 
papers, ın which he argued that the 
amendment “is made even more signi- 
ficant by the fact that the World 1s only 
Just entering on a new course of détente 
and it 1s therefore essential that the 
proper direction be followed at the out- 
set This 15 a fundamental issue, extend- 
ing far beyond the question of emigra- 
ton" Sakharov’s fetter ended with a 
plea that the United States Congress 
"will realize its Ingtorical responsibility 
before mankind and will find the 
strength to rise abowe temporary partisan 
considerations of commercialism and 
prestige” 

Three chief scenarios are being dis- 
cussed The first ıs that the Jackson 
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Amendment wıll be passed by both the 
House and the Senate The second 
1S passage of a less restrictive amend- 
ment, which would allow liberalization 
of trading regulations with. the. Soviet 
Union if there is reasonable progress ın 
the USSR toward free emigration And 
the third ıs that the provisions relating 
to tariff barriers with the USSR will 
be dropped entirely from the House 
version of the Trade Bill, that the Jack- 
son Amendment will be passed by the 
Senate, and a compromise will be 
worked out in a conference committee 
A: present. however, it seems that 
straight passage of the amendment is 
the most likely alternative 

What effect ıs all this having on scien- 
tific relations between the two countries? 
Earher this month, the National 
Academy of Sciences sent a warning to 
Soviet officials that further harassment 
of Sakharov will jeopardize the scientific 
agreements between the two countries, 
and last week two other scientific organ- 
1sations issued statements on the matter 
The first, drawn up by the Committee 
of Concerned Scientists, signed by 23 
prominent United. States scientists and 
delivered to Dr Keldysh, President of 
the USSR Academy of Sciences by Dr 
Edward Stern of Washington University, 
warns that “it will become increasingly 
more difficult to continue scientific and 
technological cooperation with the 
Soviet Union as long as the Soviet 
authorities persist in their present repres- 
sive policies” 

The other statement was put out by 
the Federation of American Scientists, 


an intellectually powerful lobbying 
organisation which has persistently 
argued for arms control The FAS 


statement calls on United States scien- 
tists to work for liberalisation of the 
internal policies of the USSR, arguing 
that the present military accord between 
the United States and the USSR 1s only 
a “temporary and fragile” solution to 
the arms race, which 1s too easily 
reversible in the absence of internal 
criticism 

But as far as implementation of the 
joint scientific and technica] agreements 
is concerned, the State Department's 
office of international scientific. affairs 
has so far received no letters or tele- 
grams protesting about the agreements, 
and has not yet encountered any lack 
of enthusiasm for implementing them 
Moreover, there seems to be no reaction 
—either direct or indirect —from Soviet 
officials to the NAS protest, and 
arrangements are proceeding without 
hindrance for the second meeting of the 
international Joint Commission which 1s 
set to meet in Moscow in November 
But one State Department official 
acknowledged last week that the pos- 
sible effect of the Jackson amendment 
on the scientific and technological 
accords is difficult to predict 
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NASAs Sensors Focusing on Comet Kohoutek 


THE imminent arrival of comet Kohoutek in the inner 
regions of the Solar System 1s causing a flurry of activity 
not just among ground-based observers but also among 
those responsible for planning and coordinating the 
activities of scientific satellites and space probes In the 
long run, it might well turn out that Kohoutek’s most 
important achievement in this respect has been to raise 
interest 1n comets to the point where the National Aero- 
nautics and Space Administration is considering more 
seriously than ever before the possibility of a comet inter- 
ception mission, perhaps to comet Encke or Halley’s 
Comet, some time in the immediate future The long lead 
time required for such a rendezvous or flyby mission 
makes ıt impossible to achieve a fruitful interception with 
Kohoutek, but the data which are likely to be gathered 
from this comet over the next few months will provide the 
background information, as well as the enthusiasm, neces- 
sary for the success of such missions 1n the future 

So what are the puzzles about comets which observa- 
tions of Kohoutek might resolve, and how 1s NASA, in 
particular, setting about their resolution? According to 
the most generally accepted theory, the most important 
part of a comet—and the least well understood—is the 
nucleus Although only a few miles across, the nucleus 
produces all of the material seen in the spectacular tail, 
as it 1s heated by the Sun Most astronomers prefer the 
“dirty iceberg” model of the nucleus, in which a rocky 
core is both permeated by various ices and surrounded by 
an icy mantle which contains small dust grains The water 
vapour and other gases which sublime off as the comet 
nears the Sun are sSon ionized, and carry with them dust 
particles So one particular feature of comet Kohoutek 
1s the possible development of an H,O atmosphere, this 
possibility, and ways to detect such an atmosphere, are 
discussed by Ip and Mendis on page 197 of this issue of 
Nature Other molecules, such as carbon djoxide, methane 
and ammonia, may also be present 1n comets, and evidence 
of their presence in Kohoutek would support this model 
In spite of the almost overwhelming popularity of the 1cy 
nucleus model, however, there 1s an alternative possibility 
This 1s that a comet 1s just a swarm of dust particles, and 
does not contain a central nucleus at all One of the 
strongest supporters of this idea is Lyttleton, who has 
previously pointed out that even if the idea of a solid 
nucleus 1s correct “no such finite object could ever actually 
be seen short of sending a probe to the comet” (Mysteries 
of the Sola: System, Clarendon Press, Oxford, 1968) but 
who considers on page 200 of this issue of Nature 
observable features of comet Kohoutek which, if they are 
indeed observed, would provide strong support for the 
dust cloud model 

The observations which will help 1n assessing the merits 
of these models and other 1deas will come from a multitude 
of spacecraft, and as well as the usual ground-based 


observations a special observatory for studying comets 1s * 


now being completed 1n New Mexico, 10,600 feet up on, 
South Baldy mountam But the observing platform which 
is undoubtedly destined to receive most publicity 1s Sky- 
lab According to a report 1n a recent 1ssue of Aviation 
Week & Space Technology (September 17, 99, 102, 1973), 


scientists planning the most fruitful use of Skylab for 
observations of Kohoutek have been “pleasantly sur- 
prised" by the cooperation and flexibility of mission 
planners, this marks a profound change from earlier 
manned missions, where it was felt that science took very 
much of a back seat 

Even the launch date of the last Skylab mission’ has 
been revised to allow observations of the comet at the 
most suitable time, in the immediate post-perihelion 
period (December 28, 1973, onwards) Launch on 
November 9 with a 56-day mission would end observa- 
tions rather early, from the astronomers’ point of view, 
but launch may be delayed to November 21, or the mis- 
sion extended, to allow a longer post-perihelion observing 
time In addition to the impressive array of cameras and 
other sensors Skylab already carries, the next crew will 
also carry with them the same ultraviolet camera used 
on the surface of the Moon by the Apollo 16 team With 
this camera, they will be able to photograph neutral 
hydrogen surrounding the comet, thanks to its Lyman- 
alpha emission Possibly this might involve working out- 
side the space station, because the camera has a 20 arc 
degree field of view and the mirror system by which 
onboard instruments are focused through the scientific 
airlock has only a 7 arc degree field of view | Ultraviolet 
observations of other comets by OAO-2 an OAO-5 
produced surprising evidence that this hydrogen cloud 
can have many times the diameter of the Sun, making it 
a prime target for study 

Other Skylab experiments designated for studies of 
Kohoutek include a white light coronagraph, a far ultra- 
violet spectroheliograph and spectrograph, the scanning 
ultraviolet spectroheliometer, and instruments intended 
originally for ultraviolet observations of stars and airglow 
phenomena Apart from information about the comet 
itself, the observations will also 1ndicate the speed and 
direction of the solar wind near the Sun 

Other spacecraft being coordinated into one unified 
programme for studying Kohoutek are 


€ Mariner 10, a Venus/ Mercury mission due for launch 
on November 3 

9 Pioneer 8, now in orbit around the Sun, which will lie 
beyond Kohoutek, as seen from Earth, between January 
1 and 10, so that studies of radio signals from the 
spacecraft can be used to analyse the comet's tail 

€ Copernicus, now m orbit around the Earth 


€ OSO-7, which can make ultraviolet observations 
between December 27 and 29 


In addition, NASA will use a Learjet which carries an 
infrared telescope for observations before perihelion, and 
a larger airborne Infrared Observatory 1n a Lockheed 


, C141 in January, when the comet 1s higher in the sky, 


because the latter can only observe at 35° or more above 
the horizon And m spite of the problems of optical detec- 
tion of a nucleus, the question posed by Lyttleton might 
be resolved if a team at the Jet Propulsion Laboratory 
succeed in bouncing a radar signal of Kohoutek from the 
Goldstone tracking station JG 
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Regulation of Vitamin D Metabolism 


VITAMIN D plays a vital part in calcium transport ıt 
mediates intestinal calcium absorption, bone calcium 
mobilisation and, probably, normal muscle activity By 
these actions it prevents the lowering of blood calcium, 
deficient calcification 1n bone matrix and in cartilage, and 
muscle weakness (myopathy) which together characterise 
its specific deficiency disease, rickets or osteomalacia”? 
Vitamin D; (cholecalciferol) reaches the body in two 
totally dissimilar ways, first, in diets containing oily fish, 
eggs, animal liver and dairy products and, second, by 
formation in the skin (possibly with other active com- 
pounds) from the action of ultraviolet light on the 
physiological precursor 7-dehydrocholesterol (see figure) 
The relative importance of these two sources ın human 
nutrition will be considered 

The dissimilarity between the two alternative sources 
of vitamin D produced much confusion in the first two 
and a half decades of this century From then on further 
difficulties ın Interpreting human disease have continu- 
ously arisen with the discovery of bone diseases which 
closely resemble classical rickets and ostedmalacia but 
which may be resistant to treatment with vitamin D in 
doses up to one thousand times the amount required to 
heal the simple nutritional disease These diseases may 
be associated with disorders of intestines, liver or kidney, 
and also include a host of mborn and acquired errors of 
metabolism More than thirty such diseases have been 
listed’* While their discovery and description continue 
even now, their understanding has been greatly simplified 
-by recent advances in the understanding of vitamin D 
metabolism, advances which have indicated the import- 
ance of different, seemingly unrelated organs 1n controlling 
the ultimate expression of vitamin D activity 

In earlier studies there were speculations on the way in 
which intestinal calcrum absorption 1s controlled Nico- 
laysen? postulated the existence of an “endogenous factor” 
which ın some way senses a need for and mediates the 
increased calcrum absorption which he found in animals 
when they were maintamed on low calcium diets — It 
was not, however, until 1966 that synthesis of radio- 
actively labelled cholecalciferol of high enough specific 
activity? allowed later work to be done on the inter- 
mediary metabolism of vitamin D and thereby to clarify 
the probable nature of this “endogenous factor" 

Cholecalciferol can now be thought of as a hormone 
precursor, and two further stages are required in its 
metabolism before it reaches its active hormonal form 
In the first stage :t 1s converted to 25-hydroxycholecalci- 
ferol (25-OH-Dy) (ref 8) and this compound 1s now re- 
cognised as the principal circulating form of the vitamin 
(see figure) Initial studies suggested that 25-OH-D, 
itself was the biologically active form, it seemed to be 
synthesised only by the liver, and synthesis seemed closely 
regulated by a feedback control mechanism? Recent 
work has suggested, however, that some 25-hydroxylation 
of cholecalciferol may also occur m homogenates of 
chick kidney and intestine, and that the process 1s not 
strongly inhibited in the presence of excess product? The 
possible physiological importance of other organs m the 
25-hydroxylation of cholecakiferol, and the enzymatic 
kinetics of the” reaction; may therefore require further 
study 


Vitamin D, (ergocalciferol), the well-known synthetic 
form of vitamin D, seems to be metabolised to 25-hydroxy- 
ergocalciferol (25-OH-D,) in identical fashion (see figure) 
Because both parent compounds have long been known 
to possess similar anti-ricketic activity ın man ıt may be 
assumed that in man both 25-hydroxylated derivatives 
also possess equal potency The 25-hydroxy derivatives 
of both forms (together designated 25-OH-D) can be 
measured by radio-stereo-assay” High concentrations of 
circulating 25-OH-D are found in subjects with high 
occupational exposure to sunlight? Concentrations of 
25-OH-D increase rapidly during ultraviolet irradiation 
of the whole body, in spite of continuing vitamin D defi- 
ciency in the diet and in spite of the possession of a dark 
skin which has popularly been supposed to Jessen the 
transmission of ultraviolet light” 25-OH-D, and 25-OH- 
D; have been recently separated in human plasma, in the 
United States, where widespread fortification of foods 
with vitamin D; ıs practised, plasma 25-OH-D was found 
to be still composed largely of 25-OH-D, (ref 12) These 
findings indicate that the effect of sunlight on the skin, 
rather than the composition of the diet, provides the 
chief source of vitamin D in most human communities 
Evidence 1s also forthcoming of marked seasonal variation 
in the plasma levels of 25-OH-D ın normal subjects 
(T C B Stamp and J M Round, unpublished data) 

After administration of 25-OH-D, a time lag of several 
hours 1s still evident before intestinal calcrum absorption 
1s stimulated", and this finding suggested that further 
metabolism of 25-OH-D; to a more active form might be 
required A more polar metabolite of 25-OH-D, was 
first isolated from chick intestinal nuclei in 19699. It 
was found to have a more 1mmediateeand more powerful 
action than 25-OH-D; (ref 15) and to be produced from 
25-OH-D; only by the kidney Its identity was finally 
established m 1971 as 1,25-dihydroxycholecalciferol 
(1,25-d10H-D,, see figure)!" 

1,25-diOH-D; ıs now generally accepted as the bio- 
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Chemical transformations of vitamin D, and D; and their 
principal metabolites — Ergosterol differs only in its side chain 
from 7-dehydrocholesterol and only this side chain 1s shown 
The same changes are produced in both molecules by ultra- 
violet irradiation Only the side chain of 25-hydroxychole- 
caleifero] (25-HCC) and only the lower ring (A-ring) of 1,25- 
dthydroxycholecalciferol (1,25-DHCC) are shown" 
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logically active form of vitamin D It 1s similar in struc- 
ture to the steroid hormones and it satisfies very well the 
criteria for classification as a hormone ıt is rapidly 
active 1n minute concentrations, as low as 107 M, in 
intestine and bone both im vitro and in vivo”, recent 
evidence suggests that it binds initially to a specific 
cytosol receptor in the intestine* and subsequently asso- 
ciates with a chromosomal receptor protein in the nuclear 
chromatin* Early evidence concerning the subsequent 
course of events was a little conflicting, but there 1s now 
good evidence that 1,25-diOH-D;, acting in a manner 
analogous to that of steroid hormones, regulates DNA 
transcription inducing the synthesis of specific mRNA(s) 
which then mediate the de novo synthesis of calcium 
binding protein (CaBP)*? This action of 1,25-diOH-D, 
1s inhibited by actinomycin D (ref 28), as is its stimulation 
of bone calcium mobilisation® Much more work 1s 
required to determine the possible physiological activity 
of the vitamin D metabolites in muscle, but the clinical 
evidence for such a specific action 1s strong 

What factors regulate the synthesis and function of this 
hormone? The mystery of the adaptation to low calcium 
diets which occurs in growing animals began to clear 
when it was shown that young rats respond to this situa- 
tion by increasing the synthesis of 1,25-d1OH-D; (ref 30) 
It seemed likely at first that this response was mediated 
through falling concentrations of plasma calcium and 
this association was then confirmed im vitro? Further- 
more, kidney tissue was found to secrete a second, 
apparently inactive, metabolite identified as 24,25-d1OH- 
D; (ref 32) ın inverse proportion to the active compound 
Because parathyroid hormone secretion 1s also controlled 
by variations ın plasma calcium the question then arose 
as to whether parathyroid hormone acts as a trophic 
hormone for 1,25-diOH-D, synthesis, and evidence has 
suggested such a role In the experimental animal, para- 
thyroidectomy may “abolish 1,25-diOH-D, synthesis and 
administration of parathyroid extract may restore it, 
opposite changes occurring as expected 1n the synthesis of 
24,25-d1OH-D,; (ref 33) Corresponding changes ın the 
responsible renal la-hydroxylase activity have also been 
shown and these changes appeared in aglvance of the 
expected changes 1n plasma calcium which were also pro- 
duced by parathyroidectomy or by the administration of 
parathyroid extract* — 1,25-d1OH-D, synthesis in 1s0lated 
renal tubules was shown to be stimulated by cyclic AMP 
as well as by parathyroid hormone, and to be inhibited by 
calcitonin® 

Precise theories were soon modified, however, when 1t 
became apparent that powerful control of 25-OH-D; 
metabolism could also be exerted by inorganic phosphate 
1,25-d1OH-D, synthesis, having been abolished by para- 
thyroidectomy?, was restored when increasing concentra- 
tions of plasma phosphate were reduced by dietary 
manipulation® Moreover, the ability of the kidney to 
secrete either 1,25-diOH-D,; or 24,25-d1OH-D, correlated 
with concentrations of both plasma phosphate and 
kidney cortex inorganic phosphate At high concentra- 
tions of phosphate 24,25-diOH-D, was produced, and as 
phosphorus concentrations were reduced so synthesis 
switched to the active form The low serum phosphate 
produced by low phosphorus-containing diets was found, 
as expected, to be associated with increased intestinal 
calcium transport” The independence of 1,25-d1OH-D, 
production from that of parathyroid hormone has been 
confirmed?, administration of cholecalciferol alone may 
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reduce 1,25-d1OH-D, synthesis? and it 1s open to specula- 
tion whether this too 1s mediated through changes in 
plasma phosphate Regulation of 1,25-d1OH-D, synthesis 
has ın addition been attributed to intracellular calcium 
concentration 1n some component of the renal cell’, 
but if so, calcium changes ın this theoretical compartment 
are certainly not mirrored by similar changes in plasma 
calcium concentrations 

The physiological role of parathyroid hormone in 
control of vitamin D metabolism ıs therefore uncertain, 
certainly with regard to human biology and medicine. In 
the intact animal it 1s still entirely possible that para- 
thyroid hormone mediates contro] of vitamin D metabo- 
lism by the alteration of plasma and tissue morganic 
phosphate which it produces The species differences, 
with regard to calcium homeostasis, are fairly prominent 
and variation with age within any given species may be 
equally prominent For example, plasma calcium and 
phosphate concentrations are much more responsible to 
dietary manipulation in young animals, an additional 
mechanism, by which vitamin D metabolism 1s directly 
controlled by alteration in plasma phosphate concentra- 
tions, could thus be appropriate, at least in early life 
Human hypeparathyroidism may be markedly resistant 
to treatment with vitamin D, a finding which 1s consistent 
with a requirement for parathyroid hormone in normal 
vitamin D metabolism Although phosphate depletion 
alone 1s a very rare cause of osteomalacia in humans”, the 
type of osteomalacia 1t produces is almost unique in its 
association with greatly enhanced calcium absorption and 
marked hypercalciuria" May this not also be due to the 
stimulated synthesis of 1,25-diOH-D,? 

Still more mysteries remain Contrary to earlier 
beliefs, when 24,25-d1OH-D, was admunistered experi- 
mentally, a slow but profound stimulation of intestinal 
calcium transport was observed although bone calcium 
mobilisation remained unaltered This effect was the 
result of 1ts conversion to a still more polar metabolite 
which localised in the intestinal mucosa and has been 
tentatively identified as 1,24,25-trihydroxycholecalciferol? 
If this metabolite has a physiological role, a therapeutic 
role may await the synthetic compound 1o-hydroxy- 
cholecaleiferocl? Its relatively easy synthesis has been 
described and its effects, probably exerted subsequent to 
its in vivo 25-hydroxylation, seem as rapid and profound 
as administration of 1,25-diOH-D; itself 

These advances have done much to explain the well- 
known association of rickets with diseases of the liver, 
kidney and intestines Rare, recessively-inherited diseases, 
such as pseudo-vitamin D deficiency rickets which alone 
exactly mimics very severe classical rickets except for the 
huge doses of vitamin D required for its adequate treat- 
ment, may be found to be caused by genetically-deter- 
mined enzymatic deficiencies, for example of the renal 
lo-hydroxylase Other genetically-determined diseases 
may come to be explained on the basis of a structural 
abnormality, for example in the calcium-binding protein 
system Although much of what was confused 1s now 
clear, where there was total ignorance there 1s now con- 
,etroversy Fortunately the field continues to explode with 
new knowledge, ıt cannot be too long before it dispels 
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New Mode of Aerodynamics 


Ir 1s now well established that most flying insects 
depend, for their lift and thrust, on conventional aero- 
foil action which sets up a bound vortex around the 
moving wing to create a steady-state flow of ai and 
thus provide the necessary aerodynamic cross-force. 
Weis-Fogh has shown that the same mechanism 1s used 
by most insects during hovering flight But there have 
been claims that certain insects, notably lamellicorn 
beetles, must make use of non-steady principles to a 
large extent Indeed, because wing movements are 
oscillatory, and the propeller action 1s achieved by the 
twisting of the wing at the end of each upstroke and 
downstroke, there are necessarily non-steady periods in 
the flight of all msects, particularly at these reversal 
points where active pronation and supination of the wings 
take place In the August number of the Journal of 
Experimental Biology (59, 169, 1973) Weis-Fogh de- 
scribes a reinvestigation of the capacity of insects for 
hovering flight which has demonstrated that 1n certain 
msects these twisting movements themselves generate 
aerodynamic forces of a completely novel character which 
provide the main source of lift 

In studying the flight of the mmute chalcid wasp 
Encarsia formosa, which has a Reynolds number of only 
10-20 (an place of 100-10,000 in most flying animals), 
it became evident from calculation that flight could not 
be explained on the basis of conventional aerodynamics 


High speed cinematography revealed that, whatever thee . 


orientation of flight, the wings are first raised vertically 
above the thorax and clapped togethet in apposition, they 
are then actively flung apart, like the opening of a book, 
being pronated with the posterior margins remaining in 
apposition — Weis-Fogh calculates that this movement, 
which he terms the ‘fing’, will set up a temporary vortex 
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around the wing and provide enough lift to sustain flight 
This airflow will die away as the wings separate But 
when they reach the lower limit of their excursion the 
wings are rapidly twisted in the reverse sense and 
supinated before the upstroke This twisting movement, 
called the ‘flip’, will also set up a vortex around the wing 
and Weis-Fogh suggesis (although exact calculation has 
not yet been possible ın this case) that useful lift is 
again generated 

This new type of non-steady aerodynamics opens a 
wide field for future study Non-steady periods, par- 
ticularly ‘flip’ effects, are present in all flapping animals 
and they will be superimposed on the steady-state pattern 
Weis-Fogh shows that the ‘fling’ operates in butterflies 
which likewise clap their wings above the thorax, there 
1$ preliminary evidence that the ‘flip’ 1s used by large 
hovering dragonflies and by the true hoverfhes (Syr- 
phinae) It was earlier shown that the hovering of 
Drosophila could be just accounted for ın terms of con- 
ventional aerodynamics, but it ıs likely that the new 
mechanism makes a large contribution to the flight of 
these very small insects. The flight of insects 1s largely 
dependent on the storage of energy, generated in the 
movement of the wings, within elastic structures of the 
thorax, to be utilized for the reciprocal movement There 
eis suggestive evidence that the wing twistings occur so 
rapidly that the speed of propagation of the elastic tor- 
sional wave from base to tip of the wings plays an 1m- 
portant part in hovering insects Non-steady aero- 
dynamics may well be utilized by bats, and the familiar 
‘clap’ of pigeons taking off 1n a confined space strongly 
suggests that the ‘fling’ mechanism has been discovered 
also by birds 


From our Insect Physiology Correspondent 
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GENETICS 


DNA Dominant at Berkeley, California 


from a Correspondent 


CHROMOSOMAL organization may still be 
far from a total solution, but geneticists 
who attended the quinquenmal inter- 
national congress in Berkeley (August 
20-29) went away confident that at least 
some of the finer details would be re- 
solved by the time they met again in 
Moscow 


DNA Redundancy 


The problem of DNA redundancy 
continues to intrigue several teams, with- 
out finally yielding all the secrets of its 
function or the reason for the wide vari- 
ation 1n amount from species to species 
Some of the extra DNA is almost cer- 
tainly present as spacer sequences be- 
tween cistrons, but this does not account 
for the large amount of simple sequence 
DNA, present in millions of copies, 
ın the centromeric heterochromatin 
P M B Walker, for whom the Medical 
Research Council has recently set up a 
unit in. Edinburgh specifically devoted 
to research on the mammalian genome, 
reviewed the history of satellite DNA, 
but said that most investigators would 
still go no further than suggest that this 
material, which is not transcribed, has 
some “housekeeping” function M L 
Pardue (Massachusetts Institute of Tech- 
nology) described the results of recent 
studies on Drosophila salivary gland 
chromosomal DNA and Xenopus RNA 
and showed how hybridization and label- 
ling with quinacrine mustard can serve 
to distinguish gene and satellite areas 
Her conclusion was that satellite DNA 
has something to do with mitosis or 
meiosis or both 

A potentially exciting contribution to 
the congress, and one which was not 
without relevance to the debate on 
redundant DNA, was the claim by S 
Wolff, S Abrahamson, M A Bender 
and A D Conger (University of Cah- 
fornia, San Francisco) that the frequency 
of radiation-induced mutations is 
directly related to genome size in a wide 
spectrum of organisms ‘They took data 
for mutation rate/locus/rad from 
various sources, including those of M 
Lyon et al (MRC Radiobiology Unit, 
Harwell) and W L Russell (Oak Ridge 
National Laboratory), and showed that 
although these figures varied by more 
than a thousand times, they came well 
within an order of magnitude when 
normalzed with respect to the DNA 
content of the nucleus Whether or not 
this will serve to illuminate the role of 
redundant DNA, it will—if true—have 
a profound influence on the work of 
those who have to advise on the genetic 
effects of radiation in man Recently 
published levels of risk have been no 
more than estimates based on the effects 


of radiation in. Drosophila or mouse, 
and have limited epidemiological data 
for man If the claim of Wolff et al is 
substantiated, however, it will be pos- 
sible to interpolate the effects in man on 
the log-log plot of mutation rate against 
genome DNA—simply by reading off 
the straight line at the appropriate DNA 
value Some participants were quick to 
point out weaknesses in the proposed 
relationship One criticism concerned 
the fact that several points on the graph, 
for example, that for the mouse, repre- 
sented average mutation rates for several 
loci which in fact differed among them- 
selves by a factor of thirty or more 
Clearly the question will be on the minds 
of many radiation geneticists for some 
time to come 

The mealy bug came into its own at 
a session on chromosome inactivation 
L Berlowitz (State University of New 
York, Buffalo) described possibly the 
first successful attempt to manipulate 
artificially an inactivation or reactivation 
process, On the addition of polystyrene 
sulphonate, mealy bug heterochromatin 
decondenses and, on the evidence of 
increased RNA synthesis, the X chromo- 
some 1s reactivated The system will be 
valuable for studying heterochromatiza- 
tion in relation to sexual development, 
as well as the mechanism of chromo- 
somal inactivation generally 


Sequencing 

The climax of the congress, at least 
for those geneticists who like their DNA 
spelled out unambiguously in nucleotide 
Sequences, Was a presentation by N 
Maizels who, with W Gilbert (Harvard 
University), had just completed sequence 
analysis of the operator region of the 
lac operon The isolation of pure lac 
repressor first facilitated the purification 
of double-stranded operator, twenty- 
seven base pairs long This was then 
transcribed by RNA polymerase in 
forced conditions to yield a series of 
short RNA sequences from which a pic- 
ture of the complementary DNA could 
be built up The team had then pro- 
ceeded to the messenger RNA, whose 
Structure holds the key to the region 
between the operator and the z Bene 
Identification of the initiator codon, 
AUG, led to a flawless matching of the 
mRNA sequence with the amino acid 
sequence of 8 galactosidase, and match- 
ing with the complementary DNA 
primary structure provided conclusive 
evidence that transcmption is initiated 
in the operator region 

e 


Oncogenetics 
A symposium with the title “onco- 


genetics” provided the opportunity to 
hear recent advances in viral onco- 
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genesis, and in particular the application 
of reverse transcriptase to the search for 
viral material in human tissue This 
session concluded fittingly with S 
Spiegelman (Columbia University) 
demonstrating to a hushed audience, still 
very much awake at the late hour of 
2245 h, that man does not inherit the 
genetic material which of itself is both 
sufficient and necessary for the develop- 
ment of a tumour Use of reverse tran- 
scriptase “probes” has shown that 
inherited viral material 1s Indeed detect- 
able in certain cancers, but that addı- 
tional, non-inherited, nucleotide se- 
quences are present in the tumour as 
well 

In a related contribution, but almost 
incidentally to his main theme, D Balti- 
more (MIT) introduced a new dimension 
into current thinking about somatic 
diversification Baltimore described his 
work on so-called terminal transferase 
and other enzymes which seem to have 
the function of modifying existing 
polynucleotides The discovery of 
terminal transferase in the thymus, 
and the presence of a similar— 
though less studied—enzyme in the 
bursal compartment of the immune 
system, suggests that such enzymes are 
responsible for observed differences in 
the variable regions of the immuno- 
Blobulins, and that these differences do 
not therefore reside wholly in the mes- 
senger RNAs Other examples of pro- 
tein diversification may be explained in 
due course if other terminal transferases 
come to light 


Mutagenesis 


Not oblivious of social needs, geneti- 
cists are turning their attention to the use 
of bacterial and mammalian cell cultures 
for the detection of potential mutagens 
and carcinogens (often one and the same 
thing) B Ames (University of Cali- 
forma, Berkeley) talked about a mutant 
of Salmonella, with a frameshift muta- 
tion affecting a histidine locus, which he 
has developed for the testing of muta- 
gens on the basis of their capacity to 
revert the mutation The sensitivity of 
the system has been refined (to the ug 
or even the ng level) by eliminating the 
normal excision repair system and also 
by selecting a rough strain, which offers 
less of a mechanical barrier to the muta- 
gen under test Ames claims that such 
a bacterial system should give a good 
indication of mutagenicity 1n mamma- 
lian cells, but it ts quite feasible to add 
a homogenate of mammalian tissue to 
allow for the effect of normal detoxify- 
ing systems and so make the method 
more immediately relevant to muta- 
genesis 1n man 

The organizers had wisely allotted 
time in the programme for sessions on 
the social impact of gen&tics—the ques- 
tions of genetic engineering, race and 
IQ, the Green Revolution—but these 
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fell rather flat Participants displayed a 
studied dissociation from genetic engin- 
eering, and in the absence of Jensen or 
any of his followers, discussion of the 
hereditary element ih intelligence was 
cool (in spite of the presence of activists 
handing out leaflets and seeking signa- 
tures for petitions) Only the Green 
Revolution—the doctrine of high yield- 
ing monoculture farming as the only 
salvation for the developing countries— 
sparked a really lively discussion Some 
referred to the impairment of the genetic 
pool and the risk of disease inherent in 
monoculture methods, others went so 
far as to suggest that Borlaug's work on 
the development of high yielding seed 
strains, for which he was awarded a 
Nobel prize, was all part of a capitalist 
plot to dominate world grain markets 
Most participants, however, were happy 
to return to less controversial sessions— 
on genetic polymorphisms 1n the mouse 
or the behavioural genetics of Droso- 
phia 


JUVENILE HORMONE 


Hypothesis of Action 


from our Insect Physiology Correspondent 


Ir ıs well established that the activity 
of natural juvenile hormone, or of the 
various “mimics” of juvenile hormone, 
when introduced experimentally into the 
insect, 1s Jargely determined by the rate 
of hormone breakdown In the case of 
the natural hormone, breakdown con- 
sists of (1) hydrolysis of the terminal 
ester linkage by an esterase to form a 
carboxylic acid and (2) cleavage of the 
epoxide ring by an epoxide hydrase to 
form a dihydroxy derivative. Both 
these types of endproduct are known to 
be inactive, Slade and Wilkinson 
(Science, 181, 672 , 1973) have now ob- 
tained enzyme preparations from the 
alimentary canal of the army worm 
caterpillar Prodenia eridamia and they 
show that the breakdown of juvenile 
hormone by these preparations 1s inhibi- 
ted by various juvenile hormone mimics 
It 1s perhaps not surprising that the 
epoxide hydrase activity ıs inhibited 
particularly by compounds with epoxide 
groups, and the esterase by compounds 
with terminal ester linkages 

The authors infer from these observa- 
tions that compounds of this type are 
not in fact reproducing the activity of 
the juvenile hormone, but are merely 
inhibiting the breakdown of the hor- 
mone already present in the organism 
They describe the more usual interpre- 
tation as “a case of mistaken identity” 
They find their interpretation attractive 
because the apparent absence of any 
common structural features has been 
difficult to rationalize in terrfis of their 
interaction with a spécific hormone 
receptor Some years ago W. S Bowers 
put forward a somewhat similar view, 


to the effect that synergists and mimics 
of juvenile hormone activity act by 
inhibiting the metabolic breakdown of 
ecdysone and thus upsetting the hormone 
balance 

Biologists, on the other hand, regard 
the action of the juvenile hormone as 
being the result of gene switching They 
are familiar with the fact that very 
striking switches of this kind can be 
brought about by widely different 
chemicals, just as very different 
chemical substances may have identical 
odours or tastes Slade and Wilkinson 
are not impressed by the fact that 
juvenile hormone mimics are effective 
in insects deprived of their source of 
juvenile hormone by removal of the 
corpora allata 


GEODESY 


World Triangulation 


from a Correspondent 


One, of the aims of geodesy 1s to unite 
the triangulation systems of the world 
into a single, homogeneous network, and 
the current state of progress towards this 
objective was reviewed at an uinter- 
national symposium on computational 
methods in geometrical geodesy held at 
the University of Oxford from Septem- 
ber 3 to 7 The two main themes that 
were considered were the methods of 
combining satellite observations with 
terrestrial measurements in order to 
provide the necessary transcontinental 
and intercontinental connexions, and 
the solution of the resulting very large 
systems of normal! equations 

R J Anderle (Naval Weapons 
Laboratory, Dahlgren) described how 
Doppler satellite observations have been 
used to determine the positions of thirty- 
seven points distributed over the Eart}’s 
surface, with a standard error of about 


, 


NATURE VOL 245 SEPTEMBER 28 1973 


25 m and with an estimated scale error 
of 1 ın 10° From these Doppler posi- 
tions the datum shifts requíred to trans- 
form the latitudes, longitudes and 
heights of points referred to the twenty- 
sıx separate national or continental tri- 
angulation origins into three-dimen- 
sional coordmates 1n a global geocentric 
reference system have also been ob- 
tained 

The results are compatible with, but 
somewhat superior to, those given by a 
similar exercise using camera observa- 
tions of the PAGEOS balloon satelhte 
Doppler and camera observations are, 
however, not the only methods of using 
satellites, and F J Lerch (Goddard 
Space Flight Center, Greenbelt) and 
J S Reece (Computer Sciences Corpora- 
tion, Falls Church) gave details of a 
proposed method of combining camera 
observations, dynamic satellite observa- 
tions (including electronic, laser and 
optical tracking data), gravity measure- 
ments and long measured base lines on 
the Earth to produce a geocentric 
system of station coordinates, together 
with spherical harmonic coefficients for 
the geopotential 

Networks of this type give rise to very 
large sets of linear equations, of order 
7,000 or more, and although the numeri- 
cal solution of such systems no longer 
constitutes a mathematical problem, ıt 
is a topic of continuing interest to 
geodesists, for, in addition to the 
numerical values of the unknowns, the 
solution must also provide information 
on the accuracy with which these values 
have been determined, on the accuracy 
of the observations, and on the stability 
of the system These requirements 
generally demand the inversion of the 
matrix and the determination of at least 
the maximum and minimum egen- 
values, the practical aspects of such 
determinations were discussed in con- 





Test-tuhe Replicase 


WHEN the RNA bacteriophage Qf 
infects Escherichia coli, rts genetic 
material acts as messenger RNA and 
among other proteins translated, ıs the 
R protein which is the phage’s contribu- 
tion to the enzyme replicase Three 
proteins, provided by the host, complete 
the active enzyme Replicase is an 
RNA-dependent RNA polymerase and 
ıs required for the reproduction of the 
virus 

Phage proteins are synthesized when 
QB RNA is added to an E coli cell-free 
system and presumably include R pro- 
tein, but until the work of Happe and 
Jockusch, described in Nature New 
Biology next Wednesday (October 3), 
active enzyme had not been demonstra- 
ted in the cell-free mixture These 
authors think this 1s because replicase 
must be inhibited by the large amount 


of Q8 RNA added as messenger and, 
before attempting to show its ability to 
act in RNA replication, they have first 
isolated the enzyme from the protein 
synthesis mixture 

During cell-free protein. synthesis R 
chains are produced which are not in- 
corporated into complete enzyme In 
fact, only about 4% of R molecules 
form active replicase Once formed, 
however, the zn vitro enzyme resembles 
the native one 1n all ways tested It has 
the same sedimentation coefficient, con- 
tains all three host subunits, can use 
poly (rC) or Q8 RNA as template and 
has roughly the same specific activity as 
the in vivo enzyme 

This communication. describes one 
further step in the attempt to recon- 
struct the replication of Qf in cell-free 
conditions 


~ 
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tributions by J F Dracup and J G. 
Gergen (National Geodetic Survey, 
Rockville), G Schmitt (Technical Uni- 
versity, Karlsruhe) and D Ehlert (Insti- 
tut fur Angewandte Geodasie, Frank- 
furt) 

From the progress reported at this 
symposium, it ıs clear that a world 
triangulation system lies but a short step 
away 


EARTH'S MAGNETIC FIELD 


Dipolar Reversals 


from our Geomagnetism Correspondent 


IN spite of the large number of investi- 
gations into reversals of the Earth’s mag- 
netic field, the question of precisely how 
the field behaves during a transition 
from one polarity to the other has not 
yet been answered satisfactorily The 
two extreme possibilities are that the 
dipole decreases in strength to zero and 
then builds up in the opposite sense 
while maintaining its axial or near-axial 
form, or that 1t simply rotates through 
180° with no change of magnitude 
Both of these modes of behaviour are 
probably consistent with the self- 
exciting dynamo hypothesis for the 
origin of the main field, although, 
because the dynamo involves fluid core 
motions, the dipolar decrease-increase 1s 
mtuitively more likely than the rotation 
But as neither type of transition. seems 
to be completely excluded on theoretical 
grounds, it 1s also possible to conceive 
of a third possibility—a rotation of the 
dipole combined with a decrease in 
strength (but not necessarily to zero) 

For many years there seemed little 
reason to doubt that transitions were 
generally of the simple decrease-increase 
type, especially as this behaviour 
appeared to be more in accord with a 
fluid dynamo Unfortunately, the situa- 
tion 1s complicated by the existence of 
the non-dipole field which seems to act 
quite normally during a reversal Thus 
even if the dipole decreases in strength 
to zero, the total field does not, and 
so palaeomagnetic data from rocks 
formed during transitional periods may 
still be represented in terms of 
apparent palaeomagnetic poles If only 
the non-dipole field were present over 
much of a transition, the transition poles 
from many reversals would be expected 
to be randomly scattered throughout all 
longitudes and latitudes But some 
recent analyses have hinted that there 
may be preferred meridional bands 
within which most, or at least many, 
transition pole paths lie As a result, 
there has been some incentive to recon- 
sider the question of whether the dipole 
may rotate, with or without a corres- 
ponding variation in magnitude 

The chief practical difficulty with this 
type of work arises because transition 
periods between polarities, being of the 


order of 10' yr, are much shorter than 
fully normal or reversed epochs Thus 
only a few per cent of rocks were mag- 
netized during transitions, there are only 
a few known examples of more than one 
or two igneous bodies within any single 
transition, and no single transition has 
yet been found to produce a palaeo- 
magnetic record in more than one 
locality Nevertheless, with imperfect 
and limited data from twenty-three 
Holocene, Tertiary and Upper Mesozoic 
transitions, Steinhauser and Vincenz 
(Earth planet Sct Lett, 19, 113, 1973) 
have been able to throw important 
statistical light on to the nature of field 
reversals 

The first step in their investigation was 
to analyse the longitudinal frequency 
distribution of transitional palaeopoles 
lying between 40? N and 40° S (poles 
usually referred to as “intermediate”) 
Because some transitions are represented 
by a single pole, others by a series of 
poles forming a clear pole path and 
yet others by a cluster of pole positions, 
each transition was reduced to a stngle 
pole with an average longitude for the 
purpose of this analysis The resulting 
frequency distribution of the 23 longi- 
tudes was bimodal with peaks at longi- 
tudes 40° E (140° W) and 60° W (120° 
E) and no values at all in the ranges 
6° E-35° W and 85° E-70° W In other 
words, during transitions the longitudes 
of the apparent pole positions appear to 
lie preferentially within two meridional 
bands centred on the planes through 
40° E-140° W and 60° W-120? E, re- 
spectively Statistical tests confirm that 
the frequency distribution differs signifi- 
cantly from a random distribution 

The conclusion that Steinhauser and 
Vincenz draw from this pattern ıs that, 
quite apart from any possible variation 
in strength, the dipole may flip over 
düring a transition from one polarity 
to another Moreover, further details 
of the nature of this rotation may be 
obtained from the corresponding lati- 
tude frequency distribution which 1s also 
significantly non-random For palaeo- 
poles lying between 40° N and 40° S, the 
distribution 1s U-shaped with the num- 
ber of latitude values decreasing to a 
minimum at the equator This is cer- 
tainly not consistent with the existence 
of only a non-dipole field But it 1s con- 
sistent with a dipole which not only 
rotates but speeds up when its axis 
reaches lower latitudes The latitude 
frequency distribution suggests that the 
relative lack of palaeopoles near the 
equator occurs because the dipole is 
rotating three to four times faster in 
equatorial latitudes than ıt ıs at 40° 

Dagley and Wifson (Nature phys 
Sct, 232, 16, 1971) have found that as 
the geomagnetic pole moves away from 
the geographic pole the strength of the 
dipole decreases, and Steinhauser and 
Vincenz accept that this decrease occurs 
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‘simultaneously with the rotation They 


argue, however, that in view of the 
speed-up of the dipole in lower latitudes, 
a plot of ancient field intensity against 
the latitude of the palaeopole over- 
emphasizes the importance of the di- 
pole's decrease in strength Combining 
the field intensity data with the latitude 
frequency distribution, Steinhauser and 
Vincenz show that the dipole 1s reduced 
in strength by about one order of mag- 
nitude for about 12% of the transition 
time During the rest of the time the 
dipole intensity 1s comparatively high, 
and for at least two thirds of the time 1s 
higher than typical non-dipole field in- 
tensities. 


GAMMA RAY SPECTROSCOPY 


line Narrowing 


from a Correspondent 


THE widths of the spectral lines of gases 
are usually determined by Doppler 
broadening The cause of this inhomo- 
geneous broadening, the Doppler effect, 
is that if an emitter has a velocity com- 
ponent +y or —v along the direction 
of propagation of the radiation, then the 
frequency of the light observed appears 
to be displaced to higher or lower fre- 
quencies respectively by v/c, where c 
1s the velocity of light The intensity of 
each component of the line 1s given by 
the number of molecules with a definite 
component of velocity relative to the 
observer and 1s normally given by a 
Maxwellian distribution of velocities, so 
that the observed line has a Gaussian 
profile The advent of gas lasers has 
made possible the selection and satura- 
tion of a particular velocity group of 
molecules so that a “hole 1s burned” in 
the Maxwellian velocity distribution 
This perturbation of the population of 
the molecules can be detected by several 
types of experiment, both in emission 
and in absorption, as a narrow trough or 
peak on the broad Doppler background 
The width of this saturation-induced 
feature 1s usually much narrower than 
the Doppler width, and 1s related to the 
homogeneous broadening associated 
with the natural line width, pressure 
broadening and power saturation 
Most of the applications of this type 
of experiment have been confined to the 
infrared and visible spectral regions, 
where they have been exploited in the 
new determination of the velocity of 
light (Blaney et al, Nature, 244, 504, 
1973) Recently, however, Letokhov, 
of the Institute of Spectroscopy, 
Akademgorodok, one of the pioneers of 
this type of work, has proposed an 
extension of the idea to y-ray spectro- 
scopy (Phys Rev Lett, 36, 729 , 1973) 
The suggested method of line narrowing 
requires the use of a Igser which will 
excite a vibrational mode of a molecule 
containing an atom which is a y-ray 
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emitter or absorber As the vibrational 
amplitudes of most atoms in molecular 
vibrations are of the same order of 
magnitude as the wavelength of y-ray 
quanta with an energy of 10 keV to 
1 MeV, the vibration of the nuclear 
emitter should cause a considerable fre- 
quency modulation of the y radiation 
In order to observe this effect the 
nuclear emission or absorption must be 
observed along the direction of pro- 
pagation of the laser radiation The 
nuclear absorption or emission line 
should be distorted by the interaction 
of the molecule with the intense laser 
radiation so that a dip 1s produced close 
to the centre frequency of the y reso- 
nance, but shifted slightly from the 
centre by the effects of nuclear recoil 
and the particular velocity group 
chosen 

In addition to the dip, “sidebands” 
are produced at multiples m of the laser 
frequency, and these features should 
consist of emission peaks The number 
of these “sideband” peaks depends on 
the amplitude of the nuclear vibration 
excited, and in the simplest example 
when m=1 there will be two peaks 
symmetrically placed about the dip The 
widths of these resonances should be 
107? to 107* of the Doppler width and 
they should be tunable by up to 1075 of 
the y frequency Because only a small 
fraction of the molecules in the gas are 
in resonance with the coherent light 
wave, the amplitude of the resonances 
will lie in the region 107! to 107? of the 
total amplitude of the Doppler- 
broadened transition 


This picture 1s complicated by the 
effects of molecular rotation which will 
broaden the resonances considerably, 
although they will still be much narrower 
than the Doppler width In order to 
minimize the effects of rotation it is 
suggested that it 1s better to choose 
molecules with the nucleus being studied 
on one of the principal rotation axes, 
or large molecules which have small 
rotational constants As the resonant 
absorption coefficient for nuclear transi- 
tions in a gas at the low pressures needed 
for saturation 1s very small, it should 
be possible to observe the narrow reso- 
nances in absorption due to the y 
fluorescence of the gas, or in the emis- 
sion from a gas containing ‘y-active 
nuclei 


The use of this method for studying 
phonon absorption spectra of solids in 
the wing of a nuclear absorption line 
has also been suggested, allowing the 
measurement of the recoi] energy of 
nuclei with an accuracy much greater 
than at present because the laser tuning 
can be measured very accurately This 
method may allow the measurement of 
y-quantum energy to an accuracy of 
107* and a comparable accuracy ın the 
connexion of the energy scales of the 
optical and y ranges 


NUCLEAR PHYSICS 


Complications Continue 


from a Correspondent 


AT the International Conference on 
Nuclear Physics (successor to the 1969 
Montreal conference) which was held 
1n Munich from August 27 to September 
1,1t was clear that nuclear structure and 
reactions continue to turn up surprises 
and complications in abundance Yet 
just two examples of developments in 
reaction theory indicate that phenomena 
which do not fall into one or other of 
the simpler extremes are no longer 
being ignored 

G R Satchler (Oak Ridge National 
Laboratory) spoke of the need to recog- 
nize multi-step processes in direct 
reactions and of the success of coupled 
channel calculations in accounting for 
them Of course such processes, which 
are virtual transitions via intermediate 
stakes, must exist but, as Satchler showed 
with examples of (p, t) and charge 
exchange reactions, they may be com- 
parable with or stronger than the one- 
step (DWBA) processes J M Miller 
(Columbia University) discussed the 
theoretical efforts being made to under- 
stand pre-equilibrium processes — 
reactions which in time scale fall 
between the prompt (direct) and com- 
pound nucleus extremes, that is, the 
projectile suffers several but not a statis- 
tically huge number of interactions 
within the nucleus before the reaction 
products emerge Examples were 
shown of efforts to reproduce the 
observed spectra of protons emerging 
from (p, np) reactions on heavy nuclei 
although ıt seems there ıs still much left 
to Jearn 

The increased availability of heavy 
1on beams and improvement ın particle 
identification techniques has facilitated 
a vigorous effort in  multinucleon 
transfer processes, reviewed by D K 
Scott (University of Oxford) The sig- 
nificant improvement in quality and 
quantity of data and the selectivity of 
the process in populating nuclear states 
has now established this field especially 
in the study of cluster structure in 
nucle: D Pelte (University of Hedel- 
berg) spoke of the structures seen in 
excitation functions in systems like, for 
example, *C 4-?C, *C4-150, “"Mg+"Mg, 
both above and below the Coulomb 
barrier It is both interesting and 
puzzling that gross structures, which 
may correspond to quasimolecular 
resonances, are seen in some systems but 
not others In the general area of 
resonant reactions, there were several 
contributions reporting possible inter- 
mediate structure *íffects, but a con- 
vincing identification of these is not 
always easy and more objective statis- 
tical tests, such as those mentioned by 
Y Baudinet-Robinet and C Mahaux 
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(University of Liége), might be used in 
data analysis 

H J Specht (Ludwig-Maximilians 
University, Munich) presented some of 
the systematics which have been 
gathered on fission isomers The 
explanation of these in terms of a 
double-humped barrier seems now 
established and its verification has 
stimulated arguably some of the best 
recent experimental work Indeed the 
physics of fission probably commands 
more attention now than for some time 

F Stephens (University of California, 
Berkeley) presented evidence of de- 
coupled bands in odd-A nuclei in the 
mass region of the deformed heavy 
nucle: These bands may be formed by 
the. weak coupling of an odd nucleon to 
the rotational (strong coupling) states of 
the neighbouring even nucleus and 
could arise, according to Stephens, from 
a cancellation in the Hamiltonian for a 
particular deformation The oldest 
band ın the business, the 0,2,4 nota- 
tional sequence, continues to attract 
interest, not only through the familiar 
“backbending” phenomenon, for which 
no explanation 1s yet generally accepted, 
but also in the more recently reported 
“forking” This ıs the splitting of the 
ground state band into two which has 
been observed at a spin value of 8 1n two 
palladium isotopes 

Fields related to nuclear physics pro- 
vided some interesting talks J N 
Bahcall (Princeton University) spoke of 
the 1mpasse 1n the solar neutrino prob- 
lem At present nobody can see any flaw 
in the nuclear phygics and stellar evolu- 
tion theory which together predict a 
certain minimum flux on Earth of solar 
neutrinos or in the one extraordinarily 
careful experiment which has so far 
failed to detect ıt If nuclear physics 1s 
central to stellar physics 1t 1s evidently 
now more than touching archaeology, 
and I Perlman (Jerusalem) showed how 
firm evidence concerning the origin of 
clay used 1n ancient pottery can be found 
by neutron activation analysis 

This correspondent feels bound to 
raise some questions concerning the 
Scope of a conference of this nature 
and magnitude, notwithstanding its 
value to the very many participants It 
seemed that a few of the talks did less 
than justice to the fields being reviewed 
Perhaps ıt really ıs becoming too difficult 
—at least 1n less than an hour—both to 
review a branch of nuclear physics to 
the interested non-specialist and also to 
discuss current problems and new 
directions for the researcher more 
clearly involved It will surely continue 
to be essential to have periodic meet- 
ings surveying the whole of nuclear 
physics It may be, however, that these 
should be fractured into fewer pieces 
and have the primary aim of helping 
participants perceive the unifying 
threads of the subject 


AX. 
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Changing Altitudes towards Science among 


Adolescents 


ANDREW AHLGREN & HERBERT J. WALBERG* 


Harvard University 





Ratings of students reveal an unfavour- 


able image of physics and possible 
directions for improvement. 





DuniNG the past decade or so, concern has been growing 
among science educators about the decreasing proportion of 
high school students who elect to take a course 1n introduc- 
tory physics Exact figures are difficult to obtain, but it 
seems safe to say that the percentage of high school students 
taking physics has dropped from about 25% in 1950 to Jess 
than 2095 1n 1970 (refs 2 and 3) However one gauges the loss 
to liberal education, this decline may be of concern to 
Scientists in general because of its implications for the wil- 
lingness of young voters and taxpayers to support science 


Role of Teacher 


Some of the unpopularity may be attributable to science 
teaching rather than to the nature of the subject itself It is 
undeniable that a great many high school physics teachers 
are poorly prepared Particularly good documentation 1s 
available for Iowa, by virtue of the Iowa Public Schools 
Employee Data Sheet, which all teachers in the state must 
submit annually A cempilation made in 1965-66 (ref 4) 
showed that the number of teachers with less than 20 semester 
hours 1n their science specialty was 13°, for biology teachers, 
3995 for chemistry teachers and 639, for physics teachers In 
a random sample of fifty-four teachers from the National 
Science Teachers Association list of more than 16,000 high 
school physics teachers in the continental United States’, 
physics background ranged from 8 to 59 semester hours, with 
a mean ot 234 hours The data from this sample showed, 
however, no significant relationship between teacher back- 
ground and the attitudes of students toward physics? In a 
study of forty-eight high schools in Michigan, Van Koevering’ 
found no relationship between the physics training of 
teachers and the percentage enrolment of students 1n physics 

A more likely cause of the unpopularity of the high school 
physics course 1s the severity of grading practices of many 
teachers Although physics students are clearly a select 
group (with a mean IQ of 116 in our national random 
sample), they tend to obtain lower grades 1n physics than in 
their other high school courses Krieger? compared grades 
received 1n high school physics and chemistry by 172 students 
who had taken both, he concluded that "the most important 
result of this study 1s the recognition that A and B chemistry 
students are discouraged from taking physics because their 
physics grade will be lower by three letter grades" On a 
much grander scale, the journal Physics Teacher ran a 
national survey in 1964-66 (ref 9), of 1,382 replies from 
physics teachers, 942 gave as first or second choice as the 
cause of declining enrolment the statement “Student fears 
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grade average will suffer and college chance will be 
damaged" In Van Koevering's Michigan study', the physics 
grades of students were found to be generally lower than 
their grades in other academic subjects, regardless of whether 
the schools had high or low percentage enrolment in 
physics 

Bridgham and Welch" adjusted the mean final grades 
assigned by a national sample of teachers for the mean post- 
course scores on a standard physics achievement test, to give 
a measure of “severity” of grading, a severe grader would be 
a teacher who assigned lower grades to his students than 
would be expected from their achievement compared with 
other physics students in the country Grading severity 
showed a significant negative correlation of —0.73 with 
student interest 1n continuing the study of physics 

Thus, as had been speculated, physics teachers seem to 
be among the most severe graders—and students seem to be 
markedly discouraged by severe grading ‘The elitist stance 
of many physics teachers is unambiguously captured in a 
remark that appeared in a letter to the editor of Physics 
Teacher" “Teachers do not choose to betray the physics 
profession by purveying something less than physics in 
courses bearing the name The question properly can be 
asked whether the physics profession should be concerned 
about physics for those disinclined or unable to devote the 
desirable intellectual endeavor " 


Attitudes 


Surely, however, much of the aversion for physics courses 
may stem from students' perceptions of the nature of 
physics and physicists Several investigators have found 
negative attitudes towards science and scientists in general and 
these attitudes seem not to be changing with time or 
geography Almost fifteen years ago, Mead and Metreaux? 
analysed several thousand short essays on science from a 
national sample of some 35,000 high school students The 
essays were completions of three stem forms 


(1) “When I think about a scientist, I think of " 


(2) "If I were going to be a scientist, I should like to be 
the kind of scientjst who x 


(3) “If I were going to be a scientist, I would not like to 
be the kind of scientist who ? 


(Girls were offered the option of using an alternative stem 
beginning for (2) and (3) "If I were going to marry a 
scientist . ") 


The investigators drew from the results a composite picture 
of the scientist in which he was seen as intelligent and dedi- 
cated, and important to the purposes of man The compo- 
site image also includes the following phrases 

e ° “His work is uninteresting, dull, monotonous, tedious, time 
consuming He may Jive in a cold-water flat, his laboratory 

* may be dingy he 1s so involved 1n his work that he does 
not know what is going on in the world He has no other 
interest and neglects his body for his mind He«an only talk, 
eat, breathe and sleep science He neglects his family—pays 
no attention to his wife, never plays with his children He 
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has no social life, no other intellectual interest, no hobbies 
or relaxations He bores his wife, his children and their 
friends—for he has no friends of his own or knows only 
other scientists—with incessant talk that no one can under- 
stand No one wants to be such a scientist or to marry 
him " 

In brief, science. was respected for its benefits, but the 
scientist and his work were seen as unpleasant In 1961, 
Beardslee and O'Dowd? found a similar dichotomy among 
some 1,200 college students who rated different occupations 
on fifteen attitude scales of the “semantic-differential” type” 
These college students seemed to perceive scientists to be, as 
the subtitle of the report expresses 1t, "intelligent and hard- 
working, but also as uncultured and not interested 1n people" 
In 1967, Hudson? assessed attitudes of 390 English school 
boys of high academic ability (aged 13 to 17) with ten seman- 
tic-differential scales He concluded “A clear implication of 
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Fig. 1 Mean positions of eight professions and self ın three- 
factor space of student ratings — "Physicist" is the most remote 
from “me”, and “biologist” falls roughly midway between them 


these data is that adult scientists are seen by both future arts 
and science specialists as leading dull personal lives " In 1970, 
Matias found among 290 non-science-major undergraduates 
that the second most common element in completing the state- 
ment “I conceive science ? was “a necessary evil" That 
same year Mackay" found in an evaluation of the new State 
physics curriculum in Victoria, Australia, that after two years 
in the high school physics programme the students saw 
scientists as being “less like other people” than they had 
before the course And in 1971, McNarry and O'Farrell’ 
reported a study of seventy-nine urban and 161 rural 
students in senior high school, in which students regularly 
viewed scientists as “helpful, wise and important”, but also 
as “hard, old, frightening and colorless ” 

In our own first studies of attitudes towards science, we 
asked ninety-six high school physics students to rate each of 
eight different occupations They marked attitudes on fifteen 
semantic-differential scales, each scale consisting of five 
levels between a pair of words such as valuable-worthless, 
friend-enemy, joyful-gloomy A variety of occupations were 
used—businessman, artist, teacher, plumber, biologist, secre- 


tary, physicist, doctor—in order to establish the semantic space . 


in which students rated occupations Also included among 
the occupation was “me” A factor analysis of the responses 
indicated that about half of the variance among the fifteen, 
ratings on the nine 1tems could be accounted for by just three 
independent composite scores On the basis of the scales with* 
the greatest weights ın each. factor score, we named the fac- 
tors "importance" (for example, the scales 
valuable, productive), “friendliness” (for example, the scales 
kind, friendly, joyful, sociable), and "maturity" (for example, 


important, ' 


P B 


n 
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the scales mature, old, hard, boring) The mean rating for 
each occupation can be plotted 1n the three-factor space, as 
shown in Fig 1 “Physicist” was the most remote from 
"me"—he was perceived as being very important and 
mature, but very unfriendly 

The mean rating of "biologist" placed him about midway 
between “physicist” and "me"—he was rated more friendly, 
but less 1mportant and mature The specific occupation of 
physicist thus seems to share the common image of science 
and scientists Indeed, on the basis of the relative ratings of 
“physicist” and “biologist”, the physicist seems to be seen 
as even more remote than scientists in general 


Comparisons among Courses 


These findings led us to pursue the unpleasant image of 
physics further, using data from classes of the national ran- 
dom sample of high school physics teachers already men- 
tioned The teachers in the random sample were randomly 
assigned to teach either a new course (Harvard Project 
Physics) or the course they had been teaching previously 
The question shifted slightly, from “What do students feel 
about physics?” to “What ıs 1t about physics that makes them 
feel that way?” Near the end of the physics courses, some 
1,011 students of these teachers (a random half of each class) 
rated the concept physics on a set of fifteen seven-point 
bipolar scales of the type “not theoretical-extremely 
theoretical” We then calculated mean ratings for the students 
of each teacher, and compared these means for the different 
courses Courses were identified as ether of two developed 


-<-Lower rating Higher rating» 





*** Historical O——————————$— ——9 


*** Philosophical Q——————$9———————9 


*** Social 
** Humanitarian 


* Artistic T NI 
* Mathematical 9— ——O-8 


Deviation from Traditional mean 


Fig. 2 Relative ratings of physics on the six scales for which 
there were significant group differences The mean ratings by 
students ın traditional courses are used as central references, 
and the means for the students in PSSC and HPP courses are 
plotted relative to them The metric for each scale is the pooled 
within-group standard deviation for that scale (which 1s for all 
scales approximately 1/2 scale division on the seven-point 
rating scale) €, Traditional classes (151 students of thirteen 
teachers), O, PSSC classes (191 students of six teachers), 
Q, HPP classes (669 students of thirty-four teachers) 
* P«005, ** P<001, *** P<0001 


by government-sponsored curriculum projects—the Physical 
Science Study Commitee (PSSC) or Harvard Project Physics 
(HPP)—or any other course ("traditional") Because of the 
random sampling procedure, differences among courses may 
legitimately be inferred to the population, which 1s about 
half of the entire set of high school physics teachers in the 
United States 

A multivariate analysis of variance? revealed that the 
probability of the entire set of group differences on the fifteen 
scales having occurred by chance alone ıs less than 0 0001 
Figure 2 shows the mean ratings on those scales for which 
the univariate probabilities of the group differences having 
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Correlation with Interesting scale 


Fig. 3 Mean ratings of physics on fourteen scales compared to 
correlations of the ratings with the "interesting" rating On the 
scales that have the greatest correlations with “interesting”, 
physics ts already rated very high More potential for improving 
interest in physics may therefore lie with the scales artistic, 
social, and humanitarian, which correlate only moderately with 

“interesting”, but on which physics has much room to increase 


occurred by chance alone are less than 005 

Figure 2 shows that the newest course, Harvard Project 
Physics, led to the rating of physics as significantly more his- 
torical and. philosophical and significantly less mathematical 
These results are entirely consistent with the intentions of the 
HPP authors, who set out to make physics more palatable to 
a larger audience byestressing historical and philosophical 
context of ideas in physics, and by reducing the mathematical 
demands on the students" On the other hand, Fig 2 shows 
that PSSC, the first national curriculum project ın science, 
led students to view physics as even less historical and philo- 
sophical than ıt was in the traditional courses This is not 
unreasonable, since the authors of PSSC intended first of all 
to increase the accuracy and integrity of the reasoning in the 
physics course? (The PSSC gave as the second of two 
chief goals “to develop a physics course that emphasizes 
the essential intellectual, aesthetic, and historical background 
of physical science” But the specific objectives immediately 
following the goals make no mention of these cultural 
aspects) The PSSC course seems, however, to have produced 
a view of physics as significantly less social, humanitarian, 
and artistic than the view shared by the HPP and traditional 
courses Such a view was not mtentionally fostered by the 
PSSC authors, yet the result 1s not surprising 1f their 
primary goal was to clean up the traditional textbook clutter 
and write a purer story line of physics theory 

Clearly, then, the contents of a physics course can have 
marked effects on the students’ view of physics Harvard 
Project Physics was able to draw on the completed work of the 
Physical Science Study Committee and, going off in a dif- 
ferent direction, apparently succeeded in restoring the social, 
humanitarian, and artistic aspects that had been lost in 
PSSC, and succeeded in augmenting the historical and philo- 
sophical aspects 


Implications for Increasing Interest 


What does such a new direction bode for student interest 
in studying physics? The general correspondence of the HPP 
effects to the Aquarian emphasis on the humanities may be 
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encouraging More concretely, the correlations of these 

aspects of physics with interest in the subject are displayed 

in Fig 3, in which the data for all 1,011 students have been 
pooled There are plot points for each of fourteen of the 
rating scales the vertical axis ıs the mean scale rating of 
physics (on a seven-point scale), and the horizontal axis ıs 
the correlation of that scale rating with the rating of physics 

s "interesting" Obviously the ratings most strongly related 
to interest are “important” and “beneficial”, Least related to 
interest are the ratings “mathematical” and “technical” 

But for a whole band of scales—from “mathematical” and 

“technical” through “experimental”, “theoretical”, “applied”, 

and “practical” to “important” and "beneficial"—there is 

very little room for increasing the rating The mean ratings 
of physics on these aspects are already almost all the way 
toward the "extremely . ” end of the scale 

If one were to choose a single image component to feature 
In instruction, 1t would probably be “beneficial”, which has 
nearly the highest correlation with interest, and 1s not yet as 
“saturated” as the other high-correlation scales Perhaps 
gains could be realized also by giving attention to improving 
ratings in the cluster of scales “humanitarian”, "social" and 

“artistic” Although these views of physics are only modesily 
correlated with interest, there 1s a lot of room to improve 
them This suggestion 1s grven further support by the fact 
that only about 25% of high school physics students are 
girls Although the mean ratings by boys and girls are almost 
identical, the correlations with interest are higher for girls 
on the scales "humanitarian", “social”, and “artistic’—and 
distinctly lower on the scale "practical" and “applied” (Mead 
and Metreaux? stated among their conclusions that “The 
girls, when they react positively [to science and scientists], 
emphasize humanitarianism "). Thus the largely untapped 
audience of females makes the potential of the humanistic 
components even more attractive as a direction for 1mprove- 
ment 

It 1s interesting to note that 91% of the 1,382 physics 
teachers who replied to the Physics Teacher survey 1n 1965 
(ref 9) agreed with the statement “Some physics of a cultural 
kind 1s needed by nearly everyone” Evidence of just how 
much room there is in physics courses for enhancing the 
humanist component 1s given by a recent study of physics 
teachers 1n California”, for which the investigators report 

“Although 94% of the teachers perceived their physics 
course as preparing students for understanding the role of 
science in society, only 4% reported that they included more 
than a few of the historical aspects of physics in their course, 
only 37% reported that they included more than a few of the 
political aspects of physics, and only 50% reported that they 
included more than a few of the social aspects in their 
course ” 

This study was made on more than half of the public school 
physics teachers in California The sampling used made it 
likely that the results represent the behaviour of the better 
teachers 

In summary, we can do little better than to quote Bentley 
Glass's opening paragraph 1n a recent editorial? 

“It js undeniable that our science curricula have in part 
failed, even the newest and best of them, to deal sufficiently 
with the role of science in the making of human culture, 
with the problems of the present world and the farr or dread 
vision of the future of man” 

. It seems that the image of physics tends to have strong 
negative components, that curriculum can affect its image, 
and that its image is related to interest ın studying it The 

*felation of the science to people—through being beneficial, 
social, artistic and humanitarran—seems to offer the best 
chance to regain lost interest and a lost audience 
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This article presents an analysis of the 
rainfall records of the Mediterranean 
and the Middle East and of the Sahel 
zone and north-west India from the 
beginning of this century and relates 


rainfall fluctuations to changes in the 
general circulation of the atmosphere. 
Probable rainfall trends during the past 
1,000 yr are outlined and rainfall trends 
projected to the year 2030. 





I HAVE previously shown! that since about 1960 summer 
monsoon rainfall in the Sahel zone to the south of the 
Sahara and in north-west India has been highly negatively 
correlated with winter-spring rainfall to the north of the 
Sahara, along the Mediterranean coast and in the Middle 
East During the 1960s the circumpolar vortex expanded 
and the meridional circulation in the tropics contracted, 
giving heavy winter-spring rainfall over the Mediterranean 
and the Middle East and low monsoon rainfall in the 
Sahel zone and in north-west India, leading to the present 
severe drought ın the latter areas 


Rainfall Analysis 


The period of records, the rainfall season, and the mean 
and range of seasonal rainfall at the stations used in my 
present analysis are shown in Table 1 
, Although there were relatively few stations recording 
rainfall at the beginning of the century, the rainfall trends 
obtamed from the smaller samples are considered repre- 
sentative of trends throughout the zones This 1s justifiable, 
because rainfall trends in the winter-spring rainfall belt ar& 
very similar at widely separated stations with mean seasonal 
totals ranging from 24 to 893 mm (ref 1) Similarly, 
although there are no rainfall data for the Sahel zone of 
west África fer the first 30 yr of this century, Fig 1 shows 
that the trends for Bikaner, Jodhpur and Khartoum can 
be considered representative of the trends across the entire 


zone Atar (Mauritania) and Bikaner and Jodhpur 
(Rajasthan, India) are near the northern limit of the summer 
monsoon rains and the southern limit of the winter-spring 
rains, seasonal totals have, therefore, been analysed 
separately and are included in the respective analyses 
(Table 1) 

Crude area-mean rainfall figures for each belt were 
obtained by expressing the seasonal rainfall at each station 
as a percentage of the long period average for that station, 
and then calculating the mean percentage of all the 
stations. Smoothing was achieved by first computing 5-yr 
running means, and then 20-yr running means of these 
values (Figs 2 and 3). 

In both rainfall belts there are irregular fluctuations super- 
imposed on longer term trends.  Winter-spring rainfall 
over Africa north of the Sahara, the Mediterranean and 
the Middle fast is highly significantly correlated with 
summer monsoon rainfall in the Sahel and in north-west 
India, the correlation coefficient for the individual season 
area-mean values (not shown 1n Figs 2 and 3) is r=—0,58. 
The 20-yr running mean values show an inverse relation- 
ship to each other (Figs 2 and 3) From the beginning 
of the century, winter-spring rainfall decreased to a mini- 
mum of 16% below average ın 1926-27, 1927-28, whereas 
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Fig 1 Five-year running means of the mean percentage of nor- 
mal seasonal rainfall (see Table 1 for seasons) at Bikaner, 
Jodhpur and Khartoum (——-) and at Atar, Nouakchott, 
Tessalit, Gao and Agades ( - - -) 


NATURE VOL 245 SEPTEMBER 28 1973 


summer monsoon rainfall increased to a maximum of 
16% above average from 1925 to 1927. Since the late 
1920s, winter-spring rainfall has been increasing gradually 
and summer monsoon rainfall has been decreasing gradually, 
apart from temporary reversals m the 1950s 

The rather dramatic changes in the 1960s can thus be 
interpreted 1n a broader context as a continuation of trends 
first apparent in the late 1920s At present, winter-spring 
rainfall ıs at a high point of an regular fluctuation, super- 
imposed on a longer term upward trend Monsoon raw- 
fall ıs at a low point of an irregular fluctuation, super- 
imposed on a longer term downward trend The present 
drought, extending from Mauritania to India, ıs a result 
of the cumulative effects of a decade of below average 
monsoon rainfall, with Jess and less rain each year 

Seasonal rainfall at a single station which receives both 
winter-spring rainfall, ın association with troughs in the 
westerlies, and summer monsoon rainfall can be used as 
an indicator of rainfall trends thfoughout both zones, 
for example, compare the trends at Bikaner (Fig 4) with 
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Fig 2 —, Five-year running means of the mean percentage 


of normal summer rainfall at Atar, Nouakchott, Tessalit, Gao, 
Agades, Khartoum, Bikaner and Jodhpur, (— ), 20-yr running 
means (See Table 1 for period of records and seasons ) 
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Fig 3 ——, Five-year running means of the mean percentage of 
normal winter-spring rainfall at Atar, Marrakech Laghouat, 
Tunis, Tripoh, Jerusalem, Beirut, Mosul, Shiraz, Bikaner, 
Jodhpur, Muscat, Jiddah and Riyadh, ( ), 20-yr running 
means (See Table 1 for period of records and seasons ) 


those for the winter-spring and summer rainfall belts as 
a whole (Figs 2 and 3) The winter-spring ramfall at 
Bikaner (mean 29 mm) 1s lower and relatively more variable 
than the summer monsoon rainfall (mean 266 mm). 


Rainfall and Changes in the General 
Circulation 


Figure 5 shows the frequency of the westerly weather 
type over the British Isles since 1900 (ref 2) This weather 
type indicates highly mobile weather systems, giving mild, 
wet winters over England It 1s linked to a strong zonal 
westerly circulation in the muid-tropospheric circumpolar 
westerlies? It can be deduced that the strength of the 
westerly circulation reached a peak in the mid-1920s, and 
that since then it has been decreasing (Fig 5). There 
is much other evidence to indicate that the strength of 
the zonal circulation reached a peak in about 1930 in 





Table 1 


Seasonal Rainfall at Eight Stations towards the Northern Limit of Summer Monsoon Rainfall in North Africa and India, and at Fourteen 


Stations with Winter-Spring Rainfall in Africa to the North of the Sahara and in the Middle East 





Country Station Period 

Mauritania Nouakchott " 1935-36 

1941-72 

Atar 1933-36 

1941-72 

Mali Tessalit 1951-72 

Gao 1932-36 

1941-72 

Niger Agades 1930-36 

1941-72 

Sudan Khartoum 1903-72 
India Bikaner 1898-1972 
Jodhpur 1898-1972 

Mauritania Atar 1933-36 

1941-72 

Morocco Marrakech 1917-72 

Algeria Laghouat 1950-70 

Tunisia Tunis 1920-72 

Libya Tripoli 1902-72 
Israel Jerusalem 1898-1972 
Lebanon Beirut 1898-1972 

Iraq Mosul 1923-70 

Tran Shiraz 1948-71 
India Bikaner 1898-1972 
Jodhpur 1898-1972 

Oman Muscat 1902-30 

1935-42 

1951-59 

Saudi Arabia Jiddah 1951-72 

Ruyadh 1941-44 

1951-72 


Season Mean (mm) Range (mm) 
June-October 126 15-259 
July-October 79 4-220 
May-September 89 29-178 
May-October 245 88-429 
May-September 142 37-285 
June-September 156 26-382 
May-October 266 42-753 
May-October 339 37-1,140 
November—April 24 0-75 
January-May 143 45-358 
January-May 79 22-133 
January-May 217 102-389 
January-May 153 16-383 
October-May 601 202-1,125 
October-May 893 393-1,600 
November-May 374 188-565 
November-May 303 73-581 
November-April 29 0-104 
November-April 21 0-90 

e ° October-May 96 0-340 
d November-May 65 0-201 
November-May 94 à 0-230 





Data sources are refs 13 to 18 and monthly CLIMAT returns from national meteorological departments 
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Fig. 4 Five-year running means of summer (——) and winter- 


1961 


spring ( ) rainfall at Bikaner (Rajasthan, India) as percent- 
ages of the normal seasonal rainfall (see Table 1) 


the northern hemisphere and in about 1900-10 in the 
southern hemisphere, and that it has since been decreasing? 

The fluctuations in the strength of the zonal circulation 
(Fig 5a) are almost exactly paralleled by fluctuations of 
monsoon rainfall (Fig 5c) and opposed by fluctuations of 
winter-spring rainfall over the Mediterranean and the 
Middle East (Fig 5b)  Rainfall trends in England have 
also closely paralleled the fluctuations in the strength of 
the zonal circulatton, reaching a peak about 1930 and 
subsequently decreasing’ Thus, by also regarding Fig. 5a 
as representing rainfall trends in England, Fig Sa-c 
summarizes the latitudinal fluctuations of rainfall this 
century in relation to changes ın the strength of the zonal 
circulation 

There 1s considerable evidence of longer term fluctuations 
in the strength of the zonal circulation, and also of rainfall 
over England??, The zonal circulation and rainfall in 
England and Wales (Fig 6) both attamed peaks in the 
13th century and declined to minima about 1700, rising 
again to the peak in about 1930 From the close relation- 
ship between the strength of the zonal circulation and 
rainfall over England, and the equally close relationship 
between the strength of the zonal circulation and monsoon 
rainfall Figs 5a and c), it 1s reasonable to assume that 
the long term trends of summer rainfall in the Sahel and 
in north-west India have closely paralleled the rainfall 
trends 1n England (Fig 6), although the magnitude of the 
fluctuations has been greater Conversely, trends of 
winter-spring rainfall over the Mediterranean and the 
Middle East have probably opposed the rainfall trends in 
England. 

The high degree of correlation ın the rainfall trends at 
different stations within the rainfall belts, and also between 
the belts, suggests that there are mechanisms controlling 
rainfall which operate on an intercontinental scale. The 
causal relationships are to be found in the sympathetic 
responses of both the large scale horizontal eddies in the 
circumpolar vortex and the meridional circulation in the 
tropics to change 1n the strength of the general circulation 

With a strong zonal circulation (Fig 7a) relatively long, 
small amplitude waves in the circumpolar westerles tend 
to be restricted to muid-latitudes , that ıs, the circumpolar 
vortex is contracted (The dynamics of the relationship 
between the wave charaeteristics in the circumpolar 
westerlies, the zonal wind speed, and the change of the 
Coriolis parameter with latitude were explained by Rossby** 
in terms of the preservation of constant absolute vorticity 
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by windstream paths) Highly mobile depressions and 
ridges travel eastwards across the Atlantic to give change- 
able weather and high rainfall over England. Troughs in 
the circumpolar westerlies do not extend very far south 
into subtropical latitudes, with the consequence that rain- 
fall over the Mediterranean and the Middle East ıs rela- 
tively low! In the tropics the meridional circulation 1s 
strong and extends well to the north, as do the monsoon 
rains A general warming occurs throughout the northern 
hemisphere?” Thus, when the zonal circulation ıs 1ncreas- 
ing 1n strength, monsoon rainfall in the Sahel and ın north- 
west India increases, rainfall over the Mediterranean and 
the Middle East decreases, and rainfall over England 
increases There is a northward shift of the principal 
climatic zones There seem to have been such trends for 
several hundred years before 1200, and from about 1700 
to 1930 (refs 2 and 3) 

With a relatively weak zonal circulation (Fig 75), as 
at present, there are relatively short, large amplitude waves 
in the circumpolar westerlies and the strongest westerly 
flow tends to be shifted southwards , that 1s, the circum- 
polar vortex 1s expanded Weather systems 1n mid-latitudes 
are slower moving and persistent anticyclones develop, 
which “block” the eastward moving depressions and deflect 
them to the north and to the south Rainfall and the 
frequency of westerly winds over Britain decrease 
Westerly troughs extend into subtropical, and even tropical, 
latitudes and rainfall over the Mediterranean and the 
Middle East is higher? This is climatological evidence of 
the well known synoptic relationship between “blocking” 
over western Europe and heavy rainfall over the Mediter- 
ranean But as the circumpolar vortex expands, so the 
tropical meridional circulation contracts®, and monsoon 
rains do not extend as far north’. There 1s also a general 
cooling throughout the northern hemisphere", Thus, when 
the zonal circulation 1s decreasing in strength, rainfall 
decreases over England, increases over the Mediterranean 
and the Middle East, and decreases in the Sahel and in 
north-west India There is a southward shift of the 
principal climatic zones These downward trends were 
evident from about 1300 to 1700, and have again become 
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Fig. 5 a, Frequency (d yr!) of the westerly weather type over 
the British Isles (from Lamb?) Ten-year mean values are 
plotted at 5-yr intervals against the middle of the decade to 
which they apply, 5, 20-yr running means of the mean winter- 
spring rainfall at fourteen stations ın north Africa and the 
Middle East (see Fig 3 and Table 1), c, 20-yr running means 
of the mean summer monsoon rainfall at eight stations in the 
Sahel of north Africa and n wep India (see Fig 2 and 
able 1 
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evident since 1930 (refs 2 and 3); thus, rainfall in both 
England and the Sahel ıs at present at a low level but 
over the Mediterranean and the Middle East it ıs at a 
high level 

These interrelationships emphasize the unity of the general 
circulation and the importance that can be attached to the 
circumpolar vortex as a basis of reference, in terms of 
which practically all the reported changes in climatic ele- 
ments fall into place®® Within an expanded or contracted 
circumpolar vortex the regional variations of seasonal 
rainfall are determined by the preferred longitudinal posi- 
tions of the troughs and ridges 

Although the correlation between winter-spring and summer 
monsoon rainfall in individual years is statistically highly 
significant, 1t accounts for only about a third of the variance 
There are periods when the winter-spring and summer mon- 
soon rains have been positively correlated, for example, 
from 1905 to 1910, 1n the late 1940s, and in the late 1950s 
and early 1960s (Figs 2 and 3) In'these years the circula- 
tion in the southern hemisphere may have exerted a strong 
influence on the northern hemisphere circulation, disrupting 
the more normal patterns On a climatological time scale, 
the high correlation between the 20-yr running mean values 
of winter-spring and summer monsoon rainfall (Figs 5b and 
c) accounts for much more of the variance 


Southward Shift of the Sahara 


There is a very strong zonal arrangement of the isohyets 
to the south of the Sahara Desert The mean distance 
between the 100 and 300 mm isohyets ın the Sahel ıs about 
280 km, which gives an average north-south gradient of 
annual rainfall of 1 mm per 1.4 km The mean 5-yr 
running mean seasonal rainfall at Atar, Nouakchott, Gao, 
Tessalit, Agades and Khartoum centred on 1960 was 165 
mm, in 1970 ıt was 100 mm Thus, from 1960 to 1970 
there was an average decrease of 65 mm in the mean 
seasonal rainfall at these stations 1n the Sahel zone It can 
thus be estimated that since 1960 there has been a south- 
ward shift of the isohyets of 65x1.4 km, which ıs 9 1 km, 
or approximately 9 km a year 

There was, however, a rapid and fairly continuous decrease 
in rainfall during the 1960s, which 1s not representative of 
longer term trends From the 20-yr running mean values 
(Fig 2), monsoon rainfall at these stations decreased by 
15% of average from 1926 to 1961, that 1s,.by an average 
of about 27 mm Thus, ın the 36 yr from 1926 to 1961 
the isohyets shifted southwards by 27 x14 km, which ıs 37 8 
km, or approximately 1 km per year Jt is the desert 
climate, and in particular the isohyets, that have shifted 
southwards There has probably also been an increase in 
the frequency of north-easterly winds transporting dust and 
sand from the Sahara to the Sahel The southward shift 
of the Sahara Desert 1s an effect of these climatic changes, 
and not a cause 

Although the isohyets to the north of the Sahara do not 
show such simple zonality, 1t may be assumed, in view of 
the 17% increase in winter-spring rainfall since the late 
1920s (Fig 5b), that the Sahara has been retreating south- 
wards at a similar rate 
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Fig. 6 Fifty-year averages of rainfall amounts (as percentages 
of the 1916—50 averages) over England and Wales (from Lamb?) 
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Fig. 7 Diagrammatic representation of extreme circulation 
types and associated rainfall patterns ın the northern hemi- 


sphere a, Strong zonal circulation giving high rainfall over 

England and allowing monsoon rains to extend well to the 

north 1n África and India, 5, weak zonal circulation giving low 

rainfall over England and suppressing the northward extent of 
the monsoon rains H, High rainfall, L, low rainfall 


Thus, any claims by man of success im controlling, or 
even reversing, the northward shift of the Sahara in north- 
west Africa should be assessed in the context of these 
natural changes. Similarly, building a line of trees across 
Africa to the south of the Sahara, as recently suggested, 
would have an absolutely minimal effect in halting the 
southward spread of the desert climate 

There 1$ a causal check against the southward shift of 
the climatic zones From the hemispherical chart of the 
mean annual topography of the 500 mbar surface of constant 
pressure”, the average gradient of the altitude of the 500 
mbar surface between 40 and 80° N, from 180° W to 70° E, 
was calculated to be approximately 1 geopotential metre 
(gpm) per 10km From 1960 to 1970 there was a decrease of 
12 gpm in the annual mean altitude of the 500 mbar 
surface along 40° N, from 110° W to 70° E (ref 1). This 
signifies that the circumpolar vortex expanded by some 
120 km, which, in view of the crude estimates, 1s very close 
to the figure of 91 km for the southward shift of the 
isohyets ın the Sahel. 


Long Term Rainfall Prospects 


At present there 1s no uniformly accepted theory of the 
general circulation of the atmosphere to include the fluctua- 
tions on these different time scales, therefore, physically 
based climatological rainfall forecasts cannot be produced 
It 1s thus 1mportant to monitor the climatic changes, to 
delineate the areas over which the trends are similar, and 
to relate the changes to parameters of the general circula- 
tion Theoretical models of'the general circulation can 
then be checked agamst empirical models * Until we do 
have a generally accepted theory of the general circulation 
and until we can predict the variables that cause climate to 
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change, our best hope for climatological forecasting les 
in the extrapolation of trends, and in determining what 
climatic changes accompany and follow the establishment of 
. different circulation anomalies — Fortunately, there is a 
strong tendency for anomalous circulations to persist, not 
only from month to month, but also from year to year, 
for example, the strength of the general circulation has been 
decreasing and the circumpolar vortex has been expanding 
for the last 14 yr, and these trends have been evident in 
every month of the year 
Climate does change and it would be of great benefit to 
long term economic planning to know the future climatic 
changes The choice lies between basing long term develop- 
ment either on climatic “normals” or on projected trends 
Climatic “normals” are generally based on the periods 
1920-50 and 1930-60, which were, in fact, highly abnormal 
The alternative 1s to extrapolate trends observed over a long 
period of time and over large geographical areas 
After the five previous low points of monsoon rainfall 
this century, the rainfall has always recovered (Fig 2) 
Conversely, after the four previous peaks of winter-spring 
rainfall, the rainfall has always decreased (Fig 3) It 1s 
not possible to say whether we have yet reached the extreme 
of the present relatively short period fluctuation From the 
available evidence, however, it seems likely that monsoon 
rainfall will increase and winter-spring rainfal) will decrease 
towards 1980 
The main problem is to try to assess whether the general 
downward trend in the strength of the zonal circulation 
since the late 1920s marks the beginning of a long term 
downward trend, or whether it is just another “wobble” 
Statistical tests on the 50-yr average rainfall (Fig 6) and 
temperature figures for England since 1100 afford some 
verification of quasi-periodicities around 100 and 200 years, 
especially the latter? An approximate 200-yr period is also 
prominent in the calculated amount of radioactive carbon 
(HC) in the Earth's atmosphere These 200-yr rainfall 
variations are superimposed on an apparently larger ampli- 
tude wave of the order of 700 or 800 yr, only one cycle 
of which is covered 
The strength of the general circulation and monsoon rain- 
fall have now been decreasing for almost 50 yr Assuming 
a symmetrical 200-yr cycle, this downward trend will con- 
. tinue for a further 50 yr Assuming that rainfall in the 
Sahel and Rajasthan continues to decrease at the same rate 
as 1t has since the late 1920s, by the year 2030 rainfall will 
be some 40-4595 lower than in the optimum years. The 
isohyets, and thus the Sahara and Rajasthan Deserts, will 
have advanced some 100 km further south There will, 
presumably, still be irregular fluctuations superimposed on 
this downward trend At a low point on one of these 
fluctuations around the year 2030, the isohyets and the desert 
climate will be some 150 to 180 km further south than in 
1930 If 1930 marked the peak of a 700-yr “cycle”, and we 
are now on the long downward trend again, then these 
figures for the southward shift of the desert climate could 
well be underestimates 
To the north of the Sahara it is likely that the winter- 
spring rainfall will continue to increase, and that the northern 
fringe of the Sahara will retreat southwards 


Significance for Long Term Development 
in the Sahel 


Rainfall in England in the past 1,000 yr has changed by, 
no more than about 10 or 11% (Fig 6)  Pittock? has 
estimated that regional precipitation changes of from 10 to 
20% accompany a latitudinal shift of one or two degrees 
in the mean position of the*centres of action Because of 
the low mean “annual rainfall (80 to 250 mm) and the strong 
north-south rainfall gradient ın the Sahel, however, a south- 
ward shift of the climatic zones of only 1° of latitude in 
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100 yr means a decrease in rainfall of some 40-50% In 
the more humid zone further south, where mean annual 
rainfall is up to 3,000 mm, the same 1° shift of the 
isohyets corresponds to a decrease in annual rainfall of only 
about 10% There are cries of drought in England this 
summer, but what would be the consequences of a decrease 
in the mean annual rainfall from about 750 to 450 mm? 

In the marginal areas along the southern fringes of the 
Sahara the human response to the low and highly variable 
rainfall (Table 1) is nomadic pastoralism, which ıs a very 
functionally adapted form of life That the nomads have 
been unable to cope with the present shortage of rainfall 
1s indicative of the severity of the present drought situation 

Until more is known about the physical factors and 
processes at work in climatic change, ıt would be highly 
irresponsible to contemplate modifying climate on this scale, 
even 1f 1t were technically feasible In view of the probable 
long term downward trend in monsoon rainfall ın the Sahel, 
there would seem to be two possible solutions Massive 
international aid could be injected continuously into the 
Sahel states to 1ncrease the water and the food supplies in 
the drought-affected areas, but this would destroy the 
nomadic way of hfe The natural solution would be for 
the nomads to shift southwards with the rains, but this 
would raise serious political. problems 

In trying to gain an understanding of the present disastrous 
situation in. west Africa, and in contemplating the future, 
it 1s surely significant to note that much of the economic 
development and population expansion in the former French 
colonies, leading to national independence, took place during 
a period of abnormally good rainfall in 27 of the 39 yr 
from 1920 to 1958, rainfall throughout this semi-arid zone 
as a whole was above the long period average (individual 
years are not shown in Fig. 2) The present drought 
situation and the probable long term trends now seriously 
threaten the economic and political viability of the Sahelian 
states of west Africa 

Changes in the general circulation of the atmosphere 
produce climatic changes 1n all latitudes, but the magnitude 
of, for example, rainfall fluctuations varies greatly from 
region to region The significance of the same changes 
in the general circulation is therefore much greater in the 
Sahel than in England Climatology has an important role 
to play in long term planning, particularly in the Third 
World 
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Function and Purification of Gene 4 Protein 
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T7 mutant in gene 4 synthesizes only 
short DNA fragments complementary 
to the H strand. By an in vitro comple- 


mentation system which starts from 
intact T7 DNA, gene 4 protein has been 
purified. 





SEMICONSERVATIVE T7 DNA replication depends on the phage 
DNA polymerase (product of gene 5)'?, a polynucleotide 
hgase? and, presumably, an unwinding protein (F W Studier, 
personal communication) Evidence has been presented that 
the T7 RNA polymerase 1s involved 1n the initiation of deoxy- 
nucleotide polymerization (ref 4 and R K and E Krause, 
unpublished) In addition to these proteins, the products of 
the phage genes 2 and 4 are essential for phage DNA replica- 
tion?-9, but the biochemical functions of these proteins are 
unknown Experiments will be described here which lead to 
better understanding of this role of the gene 4 product 

It has been shown that T7 endonuclease I specified by gene 3 
has a dual function gn T7 development With gene 6 exo- 
nuclease? it degrades host cell DNA and 1s engaged in T7 
DNA maturation? When T7 infected cells are opened, how- 
ever, the endonuclease loses its specificity and also degrades 
T7 DNA As this enzyme is not required for semiconservative 
DNA synthesis ın vivo?, gene 3 amber mutant infected cells 
rather than T7 wild type 1nfected cells will be ysed as controls 
in the experiments described here 


In vivo Function of Gene 4 


DNA synthesis in gene 4 infected cells 1s greatly reduced*-? 
To obtain 1nformation on the product of this abortive DNA 
synthesis, cells infected with gene 3-gene 4 double amber 
mutant were pulse labelled with ?H-thymidine The ex- 
tracted DNA was compared with 3H-thymidine pulse labelled 
DNA from cells infected with gene 3 mutant by neutral sucrose 
gradient sedimentation (Fig la and b) 

The radioactivity incorporated in the absence of a functional 
gene 4 product sedimented with the rate of a T7 DNA marker 
(Fig 15) In the presence of the gene 4 product, however, 
most of the incorporated ?H-thymidine sedimented faster than 
unit length T7 DNA? (Fig la) After alkaline denaturation 
the DNA extracted from gene 3-gene 4 double mutant infected 
cells sedimented as a sharp peak at about 16S, that 1s, like * 
DNA fragments of about 5,000 nucleotides!? (Fig 1c) 

The pulse labelled DNA was hybridized with T7 H and L 
strands, respectively Table 1 shows that the "gene 3-gene 4” 


DNA hybridized preferentially with the T7 H strand The e 


DNA from the control cells infected with gene 3 mutant 
hybridized equally well with H and L strand material 


* Present address Baylor College of Medicine, Department of 
Cell Biology, 1200 Moursund, Houston, Texas 77025 


In vitro T7 DNA Replication 


In all present systems for studying semiconservative DNA 
replication im vitro, DNA synthesis 1s interrupted in the living 
cell and continued m vitio In interrupting 1 vivo replication 
the investigator must deal with the highly complex structure 
of the growth point We therefore developed an ın vitro 
system which starts from the intact double stranded DNA 
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Fig 1 T7 DNA pulse labelled ın vivo E colt H560 cells (F-, 
pol A`, endo I~, thy~, arg-, amber suppressor-negative) were 
mitomycin treated’ (to suppress host cell DNA synthesis) and 
infected either with a T7 gene 3 amber mutant (a) or a T7 double 
amber mutant in gene 3 and gene 4(6)!° After 11 min at 30? C, 
*H-thymidine (10 uCı ml-1) was added for 1 min DNA 
synthesis was stopped by 0 02 M KCN and the DNA extracted 
as described? The DNA preparations were layered on linear 
sucrose gradients (20 to 5% in 1 M NaCl, 50 mM Tris-HCI, 
e pH75,5 mM EDTA, on top of a CsCl shelf5) and centrifuged 
for 6 h at 38,000 rpm ina Beckman SW 40rotor Fractions 
13-16 from the gradrent in (b) were recovered and used for 
DNA-DNA hybridization (Table 1) and velocity sedimentation 
in a linear 20 to 5% alkaline sucrose gradient (in 1 M NaCl, 
5 mM EDTA, 01 M NaOH, pH 123) (c) Centrifugation was 
for 7 h at 38,000 rp m in an SW 40 rotor 32P-T7 DNA 
served as sedimentation marker (vertical arrow) The horizontal 
arrow indicates the sedimentation direction 
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This system also proved useful for identification and purifica- 
tion of unknown proteins involved 1n initiation and elongation 
of T7 DNA replication Gently lysed T7 infected E colt cells 
which had been freed from the cellular envélope, ribosomes 
and about 99% of the endogenous cellular DNA and 95% 
of the endogenous T7 DNA*'!! were concentrated To these 
extracts intact double stranded T7 DNA was added as tem- 
plate Protein preparations from cells infected with an amber 
mutant in gene 3 (3-extract) were incubated with T7 DNA 
with deoxynucleoside triphosphates in optimal conditions‘, 
The in vitro synthesized DNA sedimented through neutral 
sucrose gradients in a pattern reminiscent of that from m vivo 
pulse labelled T7 DNA, except that a peak with a sedimentation 
coefficient of about 21S was observed (compare Fig la with 
Fig 2a) It could be shown that this additional peak 1s 
semiconservatively synthesized T7 DNA and is probably 
produced by fragmentation of replicating molecules DNA 
strands of both polarities were synthesized (Table 1) 

Protein preparations from cells infected with a gene 3- 
gene 4 double mutant ((3--4)-extract) synthesized mostly 
DNA which sedimented at the same rate as the T7 marker in 
neutral sucrose gradients (Fig 2b). Only a smaller part of 
the incorporated radioactivity appeared 1n concatemers or fast 
sedimenting structures and the additional peak at 218 was 
never observed After denaturation, the m vitro product 
sedimented at 16S in alkaline sucrose gradients It also 
hybridized preferentially with the T7 H strand (Table 1) 

In another experiment heavy T7 DNA in which thymine 
had been replaced by 5-bromouracil was incubated with 
(3+4)-extract The 16S polynucleotide strands were purified 
by neutral and alkaline sucrose gradient sedimentation, as 
described above, and subjected to CsCl equilibrium centri- 


3H cpm (x10) 





Fraction No 


Fig.2 T7 DNA synthesized m vitro Protein preparation from 

cells infected with a T7 gene 3 mutant (a) and T7 double mutant 

1n gene 3 and gene 4 (b and c), respectively, were prepared and 

incubated as déscribed in Table 1 (c), 2 pig isolated gene 4 pro- 

tein (see Table 3) was added before incubation The reaction 

products were characterized by velocity sedimentation 1n neutral 
sucrose (for details see Fig 1) 
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Table 1 Strand Specificity 





Mode of DNA Mutant or extract Cpm hybridized to 
synthesis used H strand L strand 
In vivo Gene 3 mutant 8,120 8,540 
Gene (3+ 4) mutant 4,580 380 
In vitro 3 extract 5,690 6,170 
(3+4) extract 820 160 
(3+4) extract plus (34-5) 
extract 2,960 3,150 
(3+4) extract plus isolated 
gene 4 protein 1,430 1,540 


a 


The strands of unlabelled T7 DNA were separated according to 
Summers and Szybalskı!? T7 DNA L or H strands (5 ug) were 
loaded on ‘Millipore’ filters‘? DNA-DNA hybridization was 
carried out in 1.25 x SSC!^ In all experiments the yield of hybrid- 
ization was between 25 and 35% Source of labelled DNA (i) 
“In vwo” pulse labelled DNA from gene 3 mutant infected cells? 
was extracted with phenol and dialysed against 1 25 x SSC Fractions 
13-16 from the sucrose gradient of Fig 15 (gene 3-gene 4 mutant in- 
fected cells) were dialysed against 1 25x SSC Q) "In vitro” 
Different H560 cultures grown in PB up to 4x 108 cells ml-! 
were infected at a multiplicity of 10 with the indicated T7 amber 
mutants After 13 mmat 30° C, the cells were rapidly cooled, pelleted 
and resuspended in 10% sucrose, 50 mM Tris-HCl, pH 75, 10 mM 
B-mercaptoethanol, 0 1 M KCI, to give a cell density of 4-8 x 101? 
ml-! The cells were opened by lysozyme (final concentration 200 
ug ml-!, 1 h at 4° C followed by 1 min at 37^ C) The lysate was 
centrifuged for 1 h at 100,000g The supernatant (20 ul) was added 
to 02 ml of the incubation mixture composed of 50 mM Tris-HCl, 
pH 75, 100 mM KCI, 7 mM MgCh, 3 mM spermidine, 10 mM 
B-mercaptoethanol, 1 ug native T7 DNA, 1 mM each of UTP, GTP, 
CTP and ATP, 005 mM each of dATP, dCTP and dGTP and 
5 um of 3H-dTTP (specific activity 2 Ci mmol-!) After incubation 
for 30 min at 37? C sarcosyl and EDTA were added to final concen- 
trations of 0 5% and 20 mM, respectively The synthesized DNA 
was further purified by neutral sucrose gradient sedimentation before 
it was dialysed against 1 25 x SSC and used for hybridization 


M 
Table 2 /n vitro Complementation 





Deoxyribonucleotide 
1ncorporated (pmol) 
(3+4) extract e 12 
(3+5) extract 08 
(3--4) extract plus (3+5) 
extract 36 
(3--4) extract plus isolated 
gene 4-protein 40 
3 extract 94 


M M — HÀ — ———— 


For details see fext and legends to Tables 1 and 3 


fugation All the recovered radioactivity banded at the density 
of light T7 DNA (data not shown) This shows that the 
polynucleotide chains synthesized by (3-- 4)-extract are hydro- 
gen bonded to the parental H strand 

We also asked how many fragments were synthesized along 
the parental H strand in the ın vitro system T7 DNA was 
incubated with (3 -- 4)-extract in a ratio of one intact T7 DNA 
molecule to the amount of protein preparation equivalent to 
two infected cells From the specific activity of the supplied 
3H-dTTP, the amount of its incorporation into L fragments, 
and the length of the fragments, it can be estimated that an 
average of 1 to 1.5 fragments per parental T7 DNA molecule 
has been synthesized 


"In vitro Complementation 


In Table 2, the incorporating activities of extracts from 
cells infected with various T7 amber mutants are compared 
Less than 2% of the contro! synthesis was observed in extract 
from gene 3-gene 5-double mutant infected cells ((3-- 5)- 
extract) About 15% of the. control synthesis was, observed 
in (3--4)-extract When equal amounts of both extracts were 
mixed before incubation a two to five-fold stimulation of 
DNA. synthesis could be observed The DNA synthesized in 
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Table 3 Purification of Gene 4 Complementing Activity 





Activity Specific Recovered 

Frac- Volume Protein (units activity activity 
tion (m)  (mgml-!) ml-t) (units mg-!) (922) 

I 30 21 46 22 100 

II 20 14 53 38 82 

III 70 0 58 102 176 55 

IV 83 034 69 203 44 

V 40 011 78 709 24 





A unit is defined as the amount of activity sufficient to stimulate 
3-fold deoxynucleotide incorporation in the standard assay with 
20 ul of (3 +4) extract which corresponds to about 20-40 pmol The 
activities reported here were determined by assay of dilutions of each 
fraction with the same deficient extract Protein was determined by 
Lowry et al +5 

For purification of gene 4 protein, 30 mi (3+ 5) extract (fraction I) 
were loaded on a DEAE-cellulose column (9 0x 2 0 cm) which had 
been equilibrated with 50 mM Tris-HCl, pH 7 5, 10 mM B-mercapto- 
ethanol (buffer A) A linear gradient of NaCl (0 05-06 M) was 
applied to the column Gene 4 protéin was eluted at a sodium 
chloride concentration of about 0 25 M (fraction II) After dialysis 
against buffer A fraction II was loaded on a phosphocellulose 
column (8 0x09 cm) equilibrated with buffer A and eluted with a 
gradient from 005 to 08 M NaCl in buffer A To the fractions 
containing gene 4 protein activity (fraction III) solid ammonum 
sulphate was added to 65% saturation After 30 min at 0? C the 
precipitate was pelleted, dissolved in 0 5 ml buffer A and dialysed 
for 3 h against buffer A Fraction III was placed on a ‘Sephadex’ 
G200 column (38 x2 cm) and eluted with buffer A The fractions 
with gene 4 protein activity (fraction IV) were dialysed against 
20 mM sodium phosphate buffer, pH 7 3, 10 mM f.-mercaptoethanol 
(buffer B) and pumped on a 50x09 cm hydroxyapatite column 
The column was rinsed with buffer B and eluted by a 20-300 mM 
phosphate gradient Gene 4 protein came off the column at about 
100 mM phosphate to yield fraction V 


the mixed extracts sedimented like the DNA produced ın the 
control 3-extract (compare Fig 2a) In addition, the co-opera- 
tive action of both extracts resulted in H and L strand 
synthesis with nearly equal efficiency 


Isolation of Gene 4 Protein 


By use of the corgplementation response as an assay, gene 
4 protein was purified from (3 + 5)-extract The recovery and 
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purity at each step are listed im Table 3 Fraction V comple- 
mented successfully (3 +4)-extract, as was concluded from (1) a 
three to five-fold increase of the overall DNA synthesis (Table 
2), (2) the synthesis of DNA which hybridized equally well 
with T7 H strand and L strand (Table 1), and (3) stimulation 
of the synthesis of concatemers and fast sedimenting structures 
and induction of 21S DNA synthesis (Fig 2c) 

The general function of gene 4 protein 1s to enable the 
replicative apparatus to synthesize DNA strands of H strand 
polarity The biochemical reaction performed by this protein 
has still to be elucidated A detectable DNA or RNA poly- 
merizing activity was not associated with the isolated gene 
4 protein, nor did the protein stimulate the enzymatic activity 
of isolated phage DNA or RNA polymerase 

All of the T7 mutants used in this work have been con- 
structed by Dr F William Studier We thank Drs William E 
Goodell and Heinz Schaller for comments on the manuscript. 
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Development of an H,O Atmosphere 
around Comet Kohoutek (1973f) and 
its Possible Detection 


ALTHOUGH chemically stable "parent molecules" lke H,O, 
CH4, NH; and C;N;, for the observed radicals in comets, 
have been suspected for more than thirty years! none of them 
has yet been observed spectroscopically But the indirect 
evidence both for the existence, as well as perhaps the pre- 
ponderance, of H20 in the nucleus has been growing steadily 
during the past ten years?-*+ In particular the recent observa- 


tions of two bright long period comets Tago-Sato-Kosaka í 


(1969g) and Bennett (19691) (as well as P/Encke) both ın the 
vacuum ultraviolet and ın the near violet with detectors one 
orbiters?-? and rockets’ (which have shown extensive hydrogen 
and hydroxyl halos) as well as assoctated numerical models 
of the neutral atmospheres!?-15 strongly suggest H20 as the 
common parent of both these species 


In the circumstances a strong observational effort 1s in 
order for the spectroscopic detection of H,O in comets The 
newly discovered great comet, Kohoutek (1973f), which is 
speeding towards perihelion passage at about the end of the 
year (see Fig 1) and which bids fair to be the most spectacular 
comet of the century, may provide an excellent opportunity 
for directly observing a "parent molecule" (namely, HO) 
for the first ume 

Here we consider the continuous development of an H,O 
atmosphere around the nucleus as this comet approaches the 
Sun and discuss the possibility of its detection 

Complete hydrodynamic models of cometary atmospheres 
composed of H2O and its photodissociation fragments OH, 
H and O coupled through collisional interaction as well as 
production and loss processes have been developed both for a 
central source’® and for a central source supplemented by a 
distributed halo of icy grains!! (which has been suggested by 
the work of Delsemme and colleagues!^-19) Applied specifi- 
cally to the case of comet Bennett (1969)),they have been 
successful in explaining, rather well, the observed Ly a brightness 
profile!? and the streaming velocity of hydrogen!! We have 
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Fig. 1 The ecliptic projection of the orbit of comet Kohoutek 

(1973f) (Orbital elements @=37° 8, Q=2579, 1=143, q= 

0141 AU, e=0 9999) —--, Portions of the orbit below the 
echptic s 


computed, on essentially the same lines, the density and 
velocity profiles for an (H20, OH, H, O) atmosphere of comet 
Kohoutek (1973f) at various heliocentric distances (see Fig 2a) 
for the two extreme values (ru — 10 km and ry=100 km) of 
the very uncertain nuclear radius Here we present the density 
and velocity profile of only H,O for the case ry=10 km (see 
Fig 3a and b) The rate of production of H,O at various 
heliocentric distances 1s obtained from the values calculated 
by Delsemme and Miller! for a rotating cometary nucleus 
with an albedo 4-201 It 1s also assumed that the H;O 
evaporating from the nucleus starts off slightly supersonically 

We note the steady contraction of the H5O coma with 
decreasing distance for R S2 AU, following the slight increase 
between 25 AU and 2 AU The H,O velocity in the outermost 
regions 1s seen to increase steadily from about 13 km s^! to 
about 19 km s-! as R decreases from 25 AU to 05 AU 

The fairly recent detection of H2O ın interstellar space at 
135 cm due to its 6,5 — 523 rotational transition!? prompted 
Clark et al t8 to carry out a radio search for H,O ın comet 
Bennett (19691), soon after perihelion passage, by means of the 
same transition An upper limit ~2x10!7 molecules cm~? 
for the column density was derived from the negative result 
obtained This upper limit, obtained by assuming that the 
temperature of H,O~200 K, may in fact be rather low 
because, except within a few 100 km of the nucleus, the H;O 
expands almost adiabatically and when rz1,000 km, TS 
100 K19: If this lower temperature is assumed the corre- 
sponding upper limit for HzO column density 1s about 10/9 
molecules cm-? The calculated H2O column densities in the 
case of comet Kohoutek are given in Table 1 These values 
correspond to the case ry: 10 km If ry 100 km they would be, 
in every case, about an order of magnitude larger Consequently 
the 135 cm line of H,O may very well be detectable at least 
between December 1, 1973, and February 1, 1974, when RS 
1AU 

High dispersion (56 A mm-t) near-infrared spectra of 
Mars taken about 10 yr ago at the Coudé focus of the Mount 
Wilson 100-inch reflector showed several weak absorption 
lines of the rotation-vibration band of H20 near 0 82 pm!??° 
The Martian water lines were redshifted by ~0 42 A to the 
wings of their telluric counterparts (half-width ~0 5 A) due to 
the relative velocfty of the Earth and Mars at that time (AV 
415kms-?) The Martian lines, which were strongest over the 
poles (~3 to 5 mA), suggested a Martian polar abundance 
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of 5 to 10 um of precipitable water Subsequent higher dis- 
persion (4 A mm-!, 2 A mm-!) spectroscopy of Schorn 
et al ?! 22, as well as that of Tull (1 9 A mm~')?3, has confirmed 
the earlier results by detecting clear Martian lines of the 
0 82 um water band blue shifted by ~03 to05 A to the wings 
of their telluric components These authors have suggested 
values ranging from ~10 pm to ~50 um for precipitable 
H20, which seems to vary with time as well as location on the 
planet 

Similar observations of Venus 1n the near infrared (~0 8 to 
30 um) have shown the Venusian absorption in the 082 pm 
band as well as ın other water bands (see Fink er al ?* for a 
summary) While the estimates of the Venusian water vapour 
content vary by over three orders of magnitude, the smallest 
values?^?5 (obtained using aircraft-borne interferometers to 
observe the 14, 19 and 27 um bands) are of the order of 
1 um precipitable H20 
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Fig. 2. a, Time variation of the heliocentric distance (R) and the 
geocentric distance (A) of comet Kohoutek, 5, time variation of 
the radial velocity of comet Kohoutek with respect to the Earth 
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The water vapour content 1n the atmosphere of Kohoutek 
for various heliocentric distances ıs given in Table 1 for the 
case ry=10km_ If rye100 km each of these values ıs larger 
by an order of magnitude. The radial velocity of the comet 
with respect to the Earth 1s shown 1n Fig 2b It 1s seen that 
except for a period just before perihelion (02: RS05 AU) 
this velocity 1s more than adequate—Doppler-shifting the lines 
of the 0 82 um band by 03 to 1 2 A, and those of the larger 
wavelength bands by proportionately larger amounts Estimates 
of the time variation of the apparent magnitude of the comet 
are available?” It seems that the comet will remain fainter 
than about —1 mag until R SO 5 AU (compare m, of Mars at 
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also confined our discussion to the case of H20, not because 
we preclude the possible detection of other suggested “parent 
molecules” but because we expect that H20, by virtue of its 
expected preponderance over all other volatiles in long period 
comets?$:?7, 1s the likeliest candidate for detection 

In conclusion we hope that this communication will further 
stimulate a strong observational effort (from photographic 
to microwave frequencies) for the detection of H20 1n comet 
Kohoutek, using both ground-based instruments and instru- 
ments carried ın high flying jet aircraft, balloons and rockets. 
The apparent lack of the appropriate equipment in Skylab 
1s to be regretted 
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Calculated Column Densities of H20 for Comet Kohoutek 





Table I 
R (AU) 25 20 
Column density (molecules cm-?) f1~ 1017 45x 1017 
Vertical content of precipitable 
H20 vapour (um) 33x10-? 14x107! 


15 10 0 75 05 
14x 1018 22x 1018 29x 1018 33x 1018 
52x107! 66x 10-4 87x 10-! ~l 
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opposition ~ -—2) All these factors seem to suggest that HO 
may well be detectable 1n this comet, by any of the methods 
described, when R075 AU, particularly if ry 1s closer to 
100 km than to 10 km 

It has not been our intent, 1n this brief communication, to 
review all the possible ways in which H;O may be detected 
in the atmosphere of comet Kohoutek, but rather to suggest 
that some of the methods used for 1ts detection 1n other Solar 
System bodies, as well as a method used unsuccessfully for tts 
search 1n a previous long period comet, may successfully be 
used for its determination in the case of Kohoutek We have 
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Fig. 3 a, H;O density profile ın the atmosphere of comet 

Kohoutek at various heliocentric distances (R), b, H2O velocity 

profile in the atmosphere of comet Kohoutek at various helio- 
centric distances (R) 
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Prospects for Comet Kohoutek (1973f) 


Many comets have developed in an extremely irregular 
and unexpected manner Large changes of intrinsic bright- 
ness have occurred quite suddenly, and curious and rapid 
changes of shape associated with the coma have often 
been observed, sometimes with disruption and complete 
disappearance of the comet The standard empirical law 
of brightness 1s 


L=L,A r^ 


where A and r denote distance from the Earth and Sun 
respectively , the index n ranges! from about —18 to +114, 
with an average value of about 33 Although the absolute 
brightness of most comets increases with diminishing solar 
distance, the negative values of n arise from a small number 
that have grown fainter as they approached the Sun 

Thus long term predictions of future cometary bright- 
nesses are likely to be subject to considerable uncertainty. 
Although the designation already accorded to Kohoutek 
as “the comet of the century” may prove to have been 
justified, present estimates (August 19, 1973) of its eventual 
maximum total brightness as approaching —10 mag with 
n=6 may be optimistic A figure of perhaps —4 mag +2 
mag might well stand more than a 50% chance of bracketing 
the measured value e 

Since the minimum distance of Kohoutek from Earth 
will be at least 08 AU (ref 2), there seems no possibility 
of determining whether or not the comet contains a solid 
icy nucleus, even of as large a diameter as the 30 km at 
present being suggested for it But since the perihelion 
distance q will be as small as 0.14 AU, direct solar heating 
at that stage could raise material exposed to ıt, whatever 
the structure of the comet, to a temperature of about 
700 K, even much further out, at 064 AU for example, 
it will raise 1t to a temperature of some 350 K, sufficient 
to boil the “ices” of many volatile compounds Accord- 
ingly, on the basis of the icy nucleus model, activity in 
the form of tail production and interaction with the solar 
wind should be well under way early 1n December 1973, 
since a distance r=0 64 AU 1s reached about December 11 
Activity should continue until mid-January 1974 or later 
because of the asymmetry of tai production with regard 
to perihelion 

But on the basis of the widely spaced dust particle swarm 
model for the structure of comets’, more precise prediction 
can be made for the time of onset of strong tail production 
This 1s substantially different from that suggested by the 
icy nucleus model, and may provide a crucial test between 
the two On the dust cloud theory, tail production results 
from collisions between particles converging from the two 
sides of the median orbital plane defined by the motion 
of some central particle of the comet , each of the particles 
not moving exactly in this plane must automatically in 
its path round the Sun cross through the plane twice per 
revolution, once on the perihelion side at a node N between 
the ends L and L’ of the latus rectum LSL’ (S denoting the 
Sun), and once on the aphelion side at a node N’ On 
the latest available orbital data, Kohoutek will reach L 
at about December 23 5, 1973, perihelion A at December 
28.5, and L’ at January 35, 1974 (Fig 1) The perthelion 
side of the orbit LAL’ 1s described in just under 118 d, 
while the aphelion side L’A’L may take 10? or 10 yr or 
even far longer The indications are that the present 
osculating period may be ın excess of 5X 104 yr 


Thus on the aphelion side, the average number of particles * 


passing through the median orbital plane in a given time 
interval will be much less than on the perihelion side 
The numbers are 1n the ratio of 12 d to the effective period 
Further, the relative velocity of these colliding particles is 
proportional to the orbital speed of the comet, and to the 
sum of the maximum distances from the median plane 
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that the colliding particles attain beforehand, both of 
which depend on the general overall size of the comet 
and the particle distribution within it Since the velocity 
on the perihelion arc, which increases from about 79 km s^ 
at L to about 112 km s^! at perihelion, ıs much greater 
than on the portions of the aphelion side over which the 
comet will be observable, there would be only very slight 
tail production before December 235, 1973, even though 
the comet will by then be much closer to the Sun than 
Mercury Solar heating may be sufficiently effective for very 
slight production much earlier of a gaseous tail that 
might be detectable by long photographic exposure, if 
operative, this heating process would apply on either 
hypothesis, though probably more effectively on small 
particles than on a solid nucleus because of the greater 
surface area of the former, mass for mass But in addition, 
unless the nodes N' associated with the separate orbits of 
the particles were very specially distributed on the aphelion 
side of the orbit, whete the comet spends almost all its 
hfe, the distribution of the nodes N will tend to concen- 
trate very strongly round perthelion This 1s because of 
the greatly elongated form of the orbit Thus it may 
be predicted further that only very slight tail production, 
possibly none of a dust variety, will occur before about 
December 27, but thereafter activity will 1ntensify to reach 
its maximum shortly after perihelion, continuing, as far 
as the production of a dust tail ıs concerned, until near 
January 3, 1974. Since a great deal of gaseous material 
could be released as a result of impact heating in the 
collisions, aided to some extent by solar radiation, a gaseous 
component to the comet and tail may persist beyond the 
point L’ after January 3 5 

As with many comets of small g, Kohoutek 1s extremely 
awkwardly situated when near perihelion for observation 
from Earth because of the proximity of the Sun to the line 
of sight (Fig 2) At perihelion, the comet will be little 
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more than 2° east from the centre of the Sun, and at 
the predicted time for the beginning of intense tail produc- 
tion it will be only about 1° to the west Also the tail 
itself, if chiefly directed away from the Sun, will be on 
the far side of the Sun and comet, close to the Earth 
comet line Thus at the time of onset of strong tail pro- 
duction, the phenomenon will not be readily observable, 
_ if at all, from Earth The Mariner 10 Venus-Mercury 
craft, scheduled to be in flight then, moves more or less 
with the rotating Sun-Earth line, and unfortunately it will 
be just as poorly situated for this purpose, even if ıt could 
use its cameras in a direction close to the Sun In fact 
it ıs not proposed to turn the MVM instrumentation onto 
the comet until January 17, 1974, by which time tail pro- 
duction may have fallen to very weak intensity Other 
space vehicles may be orbiting the Earth at the time and 
will be able to make successful observations at and near 
perihelion in spite of the closeness of the Sun But if the 
tail should be flowing more or less*directly away from the 
Sun at all stages, then by January 1, 1974, this general 
direction would make an angle of some 60° to the Earth- 
comet line, with the comet about 10° from the Sun, while 
by January 11, if a tail still persists, the angle would be 
just under 90° and the comet just over 30° from the Sun 
Thus observation of the tail shortly after perihelion should 
become possible from Earth, and the geometrical conditions 
continue suitable as the comet recedes from the Sun 
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Fig.2 Trajectory of comet Kohoutek (1973f) with respect to the 
Sun as seen from Earth (markers at 10 d intervals) 


As for most comets that show emission spectra, Kohoutek 
Should certamly exhibit the presence of volatile radicals, 
but, in view of the fairly bigh speed at perihelion, heating 
of particles locally through collisions may be sufficiently 
great for there to be shown not only the presence of 
sodium, but even such elements as magnesium, nickel, and 
possibly iron, already claimed to have been detected in 
other comets of small g Furthermore, 1f observations from 
outside the terrestrial atmosphere are made, many sub- 
stances with strong lines in the ultraviolet may well be 
detected 

It ıs a property of a group of particles all moving in. 
much the same orbit that the extent of the distribution 
in the direction of the orbital motion will change 1n direct 
proportion to the speed This 1s easily seen by considering 
just two particles describing the same orbit with one slightly 
ahead of the other 
the Sun at about November 26, 1973, the tangent to its 
path will be at more than 60° to the Earth-comet line, 
and foreshortening of the dimension along the orbit will 
thus be only a factor of 09 The speed at this stage 


When Kohoutek reaches 1 AU from ° 
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will be about 42 km s? At L (December 23 5), the angle 
1s about 90° and the speed 79 km s^, so the actual extent 
along the orbit would have about doubled, with the comet 
then about 11° from the Sun At perthelion the extent 
would be tripled, but the comet will be directly beyond 
the Sun It would accordingly be of interest to make a 
systematic series of measurements of the dimensions of 
the coma 1n relation to the orbit to determine whether there 
are signs of this effect But it does not follow that the 
dimensions of the comet as observed will necessarily also 
vary in Just this way, for it will only be the detectable 
extent of the comet that can be measured, and the boundary 
of tbis may not always correspond to the same particles 
If a swarm of particles expands indefinitely, at some stage 
the observed size must start to decrease and the swarm 
eventually become invisible because of its diffuseness 

The extent of the comet perpendicular to the general 
orbital plane may also change on the dust-swarm hypothesis 
With the nodes N clustered round perrihelon, the comet 
may well exhibit contraction of 1ts coma in the transverse 
direction on its inward path, and expansion as it recedes 
With the inclination of the cometary orbit only 14°, the 
Earth will be well situated for such measures from late 
August 1973 till about December 24, during which interval 
the distance from the Sun increases from 10? to a maxi- 
mum of 47° and then decreases to about 10? On the 
outward path, the distance from the Sun will reach 10? 
on January 2, 1974, and thereafter will increase to a maxi- 
mum of about 68? by February 17, decrease till about 
mid-June and then increase agam So there will be further 
opportunity for studying changes in the dimensions of the 
comet on the outward path 

The dates and positions in the orbit given. here are based 
on the ephemeris by D K Yeomans 
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Y-ray Bursts and the Diffuse Flux 
of Cosmic X-rays 


Many attempts have been made to explain the diffuse cosmic 
X-ray flux in terms of contributions from a large number of 
discrete extragalactic sources The nature of these sources has 
remained obscure, the steady emission from normal galaxies, 
such as our own, fails by more than an order of magnitude to 
explain the intensity of the diffuse flux! The spectrum of the 
diffuse flux can be approximated to a power law 


n(£) 30 £7? photons cm~? s~! sr-! keV-! (1) 


(s in keV) for values of £ from 1 keV to 1 MeV This poses a 
further problem because the spectrum 1s much harder than 
that of the discrete extragalactic sources which have been 
detected — Klebesadel ez al? have recently reported observa- 


* tions of bursts of radiation with hard spectra which extend to 


photon energies greater than 1 MeV Here I shall show that, 
whatever 1s the nature of the sources of these bursts, they are 
unlikely to make a significant eontribution to the diffuse flux 

Between July 1969 and July 1972-Klebesadal et al observed 
sixteen bursts each with an integrated intensity at the Earth 
greater than 10-5 erg cm-? in the spectral region between 
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03 MeV and 1 5 MeV _ In the same energy interval the diffuse 
flux has an intensity of 8x 10-9 erg cm~? s~! sr! In the 
absence of any information as to the distances to the sources 
of the bursts a relationship may be derived between their 
number density, n, and their strength S$ I shall assume that 
space is Euclidean and that all the sources have the same 
intrinsic strength 

I shall take the mean interval between bursts from an 
individual source to bet (No source was observed to give more 
than one burst during the 3 yr of observation) Then the 
observed bursts, with a rate of 1 6x 107" s-!, must have been 
produced by sources within a distance r,, where r; 1s given by 


(no [3(r,9) » 1 6 x 1077 s! Q) 
In each case the energy received at the Earth was greater than 
10-5 erg cm~? so 
S/4nr,?~ 10-5 erg cm? (3) 
Eliminating r; from equation (2) and equation (3) it turns out 
that 
(n/t) S9? ~ 6x 1071* erg? ? s-! cm~? (4) 
I shall now calculate the contribution which these sources 
could make to the diffuse flux It will be necessary to consider 
two cases 
Casel The sources lie outside our Galaxy, arf presumably 
in external galaxies To a first approximation the total contri- 
bution from these sources may be calculated by considering 
space to be Euclidean and integrating out to the Hubble radius, 


ru The contribution, dJ, to the diffuse flux from sources at a 
distance, r, from the Earth is given by 


dI^ (n/t)(S/4nr?) r? dr erg cm~? s^! sr! (5 
Integrating out to a distance, ry, yields 
I~ (n/t)(S/4n) ry erg cm~? s~ srat (6) 
Putting 7=8 x 10-8 erg cm~? s~? sr-! and ry=10?* cm gives 
(nft) S ^ 10-?* erg s7! cm? (7) 
From equation (4) and equation (7) 
S~4x 10*! erg 


This energy release is acceptable since it represents less than 
10-® of that expected in a supernova explosion But I shall 
show that the number density of the sources 1s unreasonably 
Jarge 

From equation (7) we find 


n[t~3x 10-76 cm~? s-! 


If n, 15 the number density of galaxies in the Universe then 
the rate of bursts per galaxy, vg, 1s given by 


Ve~ njn (8) 
, Putting na~ 5x 10775 cm-? gives 
va~ 6x 107? s7! 


This ıs clearly inconsistent with the observations 

Case 2 The sources are distributed throughout our own 
Galaxy and in external galaxies In this case, if the number 
density of sources inside our own Galaxy 1s n cm~’, then the 
mean density outside will be Bn cm~? where p ıs the fraction 
by volume of the Universe occupied by galaxies 
volume of a galaxy ıs taken as 3x 1097 cm?, B~10-® The 
equation corresponding to equation (6) 1m the previous case 1s 


I~ | eSI ar} T Bn/oCsjAn)dr (9) 


where rj 1s a typical dimension of our Galaxy 


If the mean , 
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Equation (9) can be written as 
Iw(nloGSIAr)r, 1+ (Bru/rs) 


Putting r,~ 107* cm yields, corresponding to equation (7) in 
the previous case, 


(nC) S ~ 1077? erg s~! 
From equation (4) and equation (10) 


S~4x 10?! erg 
and (n/t)~3 x 1079! cm? s-1 


(10) 


Now, since only one burst was observed from each direction, 
1» 105 s 


Thus, 
n>3x 10-53 cm? 


This density far exceeds the mean density of stars in the Galaxy 
which 1s ^ 10~5° cm~’? 

These arguments do not exclude the suggestion made by 
Apparao? and Tucker* that the diffuse flux may be due to the 
superposition of radiation bursts occurring 1n the early stages 
of supernova outbursts By analogy with equation (6) the 
total energy release in each burst, S, which 1s required to 
explain the diffuse flux 1s given by the equation 


(11) 


where v, 1s the frequency of supernova outbursts per galaxy 

The detectability of these bursts decreases as their duration, 
ts, increases In the spectral region from 1 keV to 10 keV 
there have been many sky surveys, using detectors on rockets, 
which would detect fluxes down to ~3x 10-1? erg cm? s! 
In such a survey, a supernova outburst would appear as a 
normal source provided fs> 10 s, and would be detectable out 
to a distance r, where 


Sng Vy uc 4n1 


(GS[Anr,?1) ~3 x 10-1? erg cm? s (12) 

The frequency, v, of supernova outbursts occurring in this 
volume 1s given by . 

vo (4nri?[3)ng v, (13) 


The number of supernovae which should be detectable 1n any 
sky survey ıs given by the product (vfs) On a subsequent 
survey these sources would have disappeared but would have 
been replaced by a similar number of different sources No 
variable extragalactic sources of this type have been reported so 


v«1 
Equations (1), (12) and (13) yield 
t.>5x10's~Sd 


With a detector on a satellite 1t should be possible to make 
X-ray observations within a day of a supernova outburst, for 
a supernova in a nearby galaxy a detector with only modest 
sensitivity can provide a crucial test of this theory of the origin 
of the diffuse X-ray flux 
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Chemical Evidence for SO 
Lunar Melting and Differentiation 


AN important chemical characteristic of lunar samples 1s 
the high concentration of refractory elements, coupled 
with depletion of volatile elements in comparison with 
primitive solar nebula element abundances’? The concen- 
tration of many refractory elements (such as rare earths) 
in lunar samples frequently equals or exceeds those in 
terrestrial crustal samples It 1s clear that such high abund- 
ances are not typical of the whole Moon For example, 
the contents of the heat-producing elements, K, U and 
Th in the surficial rocks are sufficient to generate the 
observed heat flow from a thin outer zone If such con- 
centrations persisted at depth, the Moon would be molten 
Thus the concept of an outer zone of the Moon 
enriched in  refactory elements has gained general 
acceptance Two basic models have been proposed to 
account for these observations (s) melting and differ- 
entiation of the outer layers, or of the whole Moon, to 
provide both a lunar crust enriched in “incompatible” 
elements, and an alumina rich highland crust? , (b) primary 
accretion of an outer layer enriched in refractory elements 
(heterogeneous accretion model)*5 

Ratios of volatile to involatile elements (such as K/Zr, 
K/La) are constant for many elements both in mare and 
highland samples" It 1s particularly significant that many 
elements of varying volatility show good correlations Such 
observations place constraints on heterogeneous accretion 
models, which accrete a highland crust more depleted in 
volatile elements than the deeper source regions of the 
mare basalts In this communication I examine further the 
relationship between the highland crustal composition and 
that of the whole Moon, to see 1f some choice can be made 
between the two models 

Tables of elemental abundances both for the highland 
crust and the whole Moon have recently been proposed 
A two component model for the chemical composition 
of the whole Moon has been suggested by Wanke ef al? 
One component comprises 69% of a refractory or high 
temperature condensate, similar in composition to the 
white Ca-Al rich inclusions in the Pueblito de Allende 
type 2 carbonaceous chondrite The other component 
(31%) 1s of unfractionated type 1 carbonaceous chondrite 
composition, contributing all of the volatile elements The 
resulting composition 1s given in the first column of Table 1 
This 1s a high Al composition The question of the abund- 
ance of Al in the lunar interior is stil unresolved? But 
the conclusions I draw here are not sensitive to the con- 
centration of aluminium, because none of the trace elements 
considered occupy Al lattice sites The overall average 
composition of the lunar highlands has been proposed 
by Taylor et al?, using established interelement correlations, 
coupled with data from the lunar orbiter ganima ray Th 
values and the XRF Al/Si and Mg/Si ratios This com- 
position (Table 1) can be represented by a mixture of 69 95 
highland basalt (anorthositic gabbro) and 31% low K 
Fra Mauro basalt 

From seismic evidence” a lunar crust about 65 km thick 
has been postulated in the Oceanus Procellarum region 
The seismic velocity data for the lower 45 km are consistent 
with anorthositic gabbro The thickness in other areas 
is not yet established but ıs assumed to be the same or 
greater 1n non-mare regions 
occupying about 1095 of the volume of the Moon is 
assumed The conclusions which follow are not sensitively 
dependent on this assumption 

The compositional data for the highland crust are based 
on surface sampling and orbital data Is this representative 
of a thick crust, or merely of a surficial layer? The inten- 
sive cratering history of the highland crust suggests that 
it 1s well mixed at depth In Fig 1 I show the eleven 


A crust of anorthositic gabbro * 
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Fi. 1 Lunar map showing main outer rims (---) of mare 
basins and extent of ejecta blankets ( ) The relative ages 


are indicated by the numbers 1, Fecunditatis, 2, South 
Imbrium, 3? Tranquillitatis, 4, Nubium, 5, Procellarum, 
6, Serenitatis, 7, Humorum, 8, Nectaris, 9, Crisium, 


10, Imbrium, 11, Orrntale (Adapted from Wilshire and 


Jackson}? ) 


observed mare basins on the visible face of the Moon. 
These formed by impact in the highland crust before the 
mare basalt floods and are typically several hundred kilo- 
metres in diameter The depth to which mixing has 
occurred 1s unknown, but extensive overturning of the 
crust has happened during these collisions The impacts 
occurred late ın the development of the present highlands 
terrain and were preceded by an intense bombardment, 
producing impact craters up to 180 km in diameter (such 
as Clavius) Any pre-existing layering or vertical hetero- 
geneity m the crust would be destroyed by this cratering, 
and the highland crust is probably uniform in composition 
with depth Lateral variations ın composition on a scale 
of hundreds of kilometres might persist, although the mare 
basin formation would have destroyed any finer scale 
heterogeneity 


-_--——————— 


Table 1 Composition of the Whole Moon and Highland Crust, and 
the Percentage of Elements In the Crust Relative to the Whole Moon 





Whole Highland Percentage 
Moon? crust? In crust 
$1 % 150 197 13 
TA 070 041 59 
Al% 120 132 11 
Fe % 86 49 57 
g 5 89 512 58 
Ca % 128 99 71 
Nappm 1,770 2,500 141 
Kppm 250 800 32 
Csppm 004 01 26 
Rbppm 0 87 23 26 
Bappm 33 144 44 
Srppm 93 190 20 
Euppm 081 17 21 
lappm 35 12 34 
Yppm 24 32 13 
e Thppm 032 18 56 
Uppm 0 086 0 46 54 
Zrppm 6*7 156 23 
Nbppm 48 108 23 
Scppm 81 . 7 095 
Mnppm 700 600 . 86 
Vppm 440 25 057 
Crppm 1,100 750 88 
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Fig. 2 Relative enrichment or depletion of chemical elements 
in the lunar highlands?, relative to whole Mooneabundances’, 
shown as a function of 1onic radius!^ and valency Note the 
progressive enrichment of elements as size and valency differ 
from those of Mg and Fe, major constituents in the lunar 
interior The boundary between depletion and enrichment 1s 
taken as 10%, the assumed volume of the lunar crust 


On the basis that the composition given in the second 
column of Table 1 1s typical of the lunar crust, I have 
calculated the percentage of each element in the crust 
relative to the whole Moon (third column of Table 1) 
These values are shown on a diagram (Fig 2) relating 
ionic radius and valency Elements which are similar in 
size and valency to Fe’+ and Mg?^* are depleted in the 
crust These cations are assumed to be major constituents 
on the lunar interior, and elements of similar chemical 
character are retained in crystal lattice sites occupied by 
them As the size or valency of the elements differs from 
those of Fe?" and Mg?*, there ıs a progressive enrichment 
in the lunar crust, illustrated by the contour lines of equal 
enrichment in Fig 2 Such a pattern 1s consistent with 
crystal-liquid fractionation since the entry into or rejection 
of lithophile 10ns from silicate lattices 1s dependent on 
size and valency imter alia For the elements discussed 
here, the other factors, such as bond type (ionic-covalent) 
or crystal field effects, are less important I note the 
extreme depletion of the small trivalent cations Sc*+ and 
V*+ in the highland crust (Table 1, Fig 2). These are 
much more depleted than Cr** (88%, Table 1), indicating 
that they may be preferentially retained 1n separate mineral 
phases in the lunar interior 

There ıs no simple correlaiion with volatility | Anderson? 
gives the following order of increasing volatility Sc, Zr, 
Nb, Y, Hf, Ti, Ca, Th The data in Table 1 and Fig 2 
show, for example, that Th ıs much more enriched than 
Zr or Sc, the reverse of that predicted on the basis of a 
condensation sequence ‘Thus it ıs clear that the overriding 
influence in the partitioning of elements into the highlands 
has been that of solid-liquid, not solid-gaseous equilibria 
The whole Moon, or at least the portion affected by 
melting, ıs depleted in volatile elements, relative tb, 
primordial solar nebula abundances (as represented by the 
composition of type 1 carbonaceous chondrites) The effect ° 
under discussion here occurs during post-accretion melting 
and differentiation operating on a bulk composition already 
enriched in refractory and depleted in volatile elements 

How much of the Moon 1s involved in this process? 
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The values calculated in Table 1 assume that the whole 
Moon was involved but the conclusions would not differ if a 
smaller volume was melted Geochemical balance calculations 
place some limits Thus more than 50% of the U and Th and 
44% of the Ba in the whole Moon 1s concentrated in the 
huighland crust, implying extremely efficient upward con- 
centration of the elements Some of the U and Th must 
have been retained at depth to provide both the observed 
abundances (typically 025 ppm U and 10 ppm Th) 
in the mare basalts (produced by partial melting at depths 
in the range 200 to 500 km)" and to provide a source 
of heat for the melting itself, spread over the time span 
of 38 to 32X10? yr The remaining U and Th in the 
Moon (using the Taylor-Wanke model compositions) would 
be accounted for in the zone from 200 to 500 km depth 
if this region contains abundances of 01 ppm U and 
04 ppm Th Such abundances are close to those in 
eucritic meteorites, and would produce temperatures, from 
the calculations of Wanke et al, appropriate for the pro- 
duction of lunar basalts about 38X10? yr ago ‘Thus it 1s 
probable that most of the U and Th in the Moon was 
eithe: in the highland crust, or in the source regions of 
the mare basalts at 38X10* yr ago, and that most of 
the Moon was involved in the melting process 

In summary, it seems that the general features of lunar 
highland chemistry can be explained by melting and 
differentiation of a Moon (already depleted in volatiles) 
Tne lack of correlation with element volatility constitutes 
further evidence against the accretion of the outer layer 
of the Moon from more refractory material than that 
comprising the interior This remforces the evidence of 
uniformity of volatile/1nvolatile element ratios?" between 
highland and mare samples 

A further consequence of the uniformity of many 
element ratios (such as Zr/Nb, Ba/Rb)* may be noted 
Small scale melting episodes would be expected to produce 
variations in these ratios in different regions The uni- 
formity observed indicates widespread homogeneity This 
is a surprising result, because the absence of water and 
volatiles would tend to preserve any original heterogeneities 
One fact which might be cited as evidence for a relative 
enrichment of refractory elements in the highlands is the 
K/U ratio This ıs lower (~1,500) in highland samples 
than in mare basalts (-~2,500)" This enrichment of U 
relatrve to K could be due to accretion of more refractory 
material Buf it may also be a consequence of crystal- 
liquid fractionation It can be seen from Table 1 and Fig 2 
that U (and Th) are the most highly enriched elements in 
the highlands, and are thus concentrated upwards to a 
greater extent than potassium Additional evidence of 
crystal-chemical rather than volatility dependence comes 
from the much more uniform values observed for Rb/U 
ratios, although Rb 1s more volatile than K Furthermore, 
elements which are more refractory than U (such as Zr) 
do not show such variations with K between mare and 
highlands samples 

I conclude that the relative enrichment of the elements 
in the lunar highlands shown in Fig 2 1s not related to 
differences in volatility, but 1s consistent with widespread 
melting and crystal fractionation in the Moon, acting on 
material already depleted in the volatile elements 

I thank Dr H Palme for pointing out the significance 
of the heat flow data, and Professor H  Wanke for 
discussions 
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Metallurgy 
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A textbook for students of metallurgy and materials science 
which gives a clear but mgorous dccount of the theoretical 
basis of metallurgy in terms of solid state physics and diffrac- 
ton Applications of the theory include the structure and 
properties of metals, semiconductors and electron microscopy 
Hard covers £8.95 net 

Paperback £3.20 net 


Now issued as a paperback: 


An Introduction to Fluid 


Dynamics 
G. K. BATCHELOR 


A paperback edition of this successful textbook on the 
fundamentals of the dynamics of real fluids. 
The author assumes no previous knowledge of the subject 
and emphasizes the physical principles and generalities of 
fluid dynamics The material in this book has been selected 
to introduce undergraduate and beginning graduate students of 
applied mathematics, physics and engineering to the important 
ideas and applications 
d Paperback £2.95 net 
Also issued in Hard covers £5.90 net 


Electronics for Engineers 
H. AHMED and P. J. SPREADBURY 


An introductory undergraduate textbook on efectronic circuits 

that includes the material that 1s common to first degree 

courses 1n engineering, and also covers the first and second years 

of the more specialized courses taken by electrical and electronic 
engineers 

Hard covers £5.20 net 

Paperback £2.40 net 


Now issued as a paperback: 
CAMBRIDGE MONOGRAPHS ON PHYSICS 


The Many-Body Problem 


in Quantum Mechanics 


N. H. MARCH, W. H. YOUNG 
and S. SAMPANTHAR 


An introduction, for graduate and some undergraduate 
Students, to the methods and physics of the many-body 
problem in quantum mechanics. 


The authors give rather fuller explanations and go into greater 
detail than do other books at this level, while at the same time 
treating a wide range of topics and systems. 


Paperback £2.50 net 
Also issued in Hard covers £4.50 net 


Techniques of Circuit 


Analysis 
G. W. CARTER and A. RICHARDSON 


An undergraduate text providing instruction and practice in 
in the methods of analysis which are essential in solving 
electrical circuit problems and which are useful in many other 
contexts as well, 


This book will provide a foundation course which 1s equally 
useful to students intending to specialize in either electronic 
or power engineering 


£5.00 net 


The Theory of Partial 


Differential Equations 
SIGERU MIZOHATA 


A coherent account of the modern theory of partial differential 
equations, translated from a Japanese text, for graduate 
students and teachers ın universities and polytechnics. The 
selection of material presented differs from that in the existing 
literature ın European languages, adopting a rather different 
approach 


‘It ıs highly recommended, not only as an excellent textbook 
at the graduate level, but also as a useful companion to the 
researcher ? Mathematical. Reviews 


£12.50 net 


Lebesgue Integration 


and Measure 
ALAN J. WEIR 


There has long been a need for a book on Lebesgue integration 
for the undergraduate who 1s meeting ıt for the first tıme This 
book fills that need, relating the Lebesgue integral to famuliar 
concepts of the calculus, and subsequently deducing the idea 
of Lebesgue measure which generalizes the primitive notions 
of length, area and volume. 


Hard covers £5.40 net 
Paperback £2.40 net 


Principles of the Theory 
of Solids 


Second edition 
J. M. ZIMAN, F.R.S. 


This 1s the second edition of a textbook widely used ın graduate 
&durses on solid state physics. It presents in simple terms, 
the elements of the theory of the physics of perfect crystalline 
esolids, and 1s an exposition of the mathematical consequences 
of lattice periodicity 


£4.50 net 
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Stratospheric Nitric Oxide from 
Infrared Spectra 


AERONOMERS have generally admitted that the abundance of 
nitric oxide 1s small in the chemosphere Its detection and 
even more its measurement have been regarded as a difficult 
task The importance of this species in atmospheric chemistry, 
however, makes the effort to measure ıt worthwhile Data 
have been obtained up to now by vsing the resonant scattering 
of solar ultraviolet radiation! and the 1onizing blunt probe 
technique? ın the mesosphere and lower thermosphere Here 
we report the first determination of the vertital distribution of 
the abundance of nitric oxide in the stratosphere The method 
involves absorption spectrometry in the 5 2 um band of NO 
using the setting Sun as a light source 

Because the postulated amount of absorber in the optical 
path 1s small and relatively fast wavelength scanning 1s neces- 
sary, the spectrometer used had to have the double advantage 
of large light input and high resolving power The instrument, 
one of the grid spectrometers developed by Giurard?, had a 
focal length of 60 cm and was equipped with a 6 cmx 6 cm 
Yvon et Jobin grating ruled at 60 grooves mm-! and used in 
the sixth order The foreoptics was a 42 m focal length 
modified Cassegrain telescope of 32 cm diameter The detector 
was a liquid nitrogen-cooled ‘SAT’ InSb photo element An 
instrumental profile of 0 1 cm-1 halfwidth was achieved with 
a square grid of 18x 18 mm having a step of 02 mm The 
instrument was mounted on a Sun seeker equipped with the 
electronics used for the synchronous detection of the detector 
output with the voltage controlled oscillators and with the 
transmitter used in the telemetry radio link The 320 kg 
gondola was launched from Aure sur l'Adour ın the afternoon 
of May 14, 1973, with an 11 6x 108 foot? ‘Winzen’ balloon e 

Recording of the solar spectrum from an altitude of 40 km 
started when the solar zenith angle was 86° The spectra then 
showed little structure partly on account of solar CO absorption 
lines* As shown in Fig 1, telluric absorptions become more 
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Table 1 Data on NO 
Altitude NO number density NO mixing ratio 

(km) (cm? by volume 

375 (5+2)x 108 (4441 8)x 10-7? 
345 (6+2) x 10? (341 2)x 107? 
315 (8 +2)x 108 (28+07)x 10-? 
285 (8+2)x 10? (1 8+0 5)x 107? 
255 (74+2)x108 (9 73:22) x 10-19 
225 (6 53-2) x 10? (5741 8)x10-'° 
19 5 (4 63:2) x 108 (25x11)x10-:9 
165 (23:1) x 108 (6743 5)x10-!! 





and more pronounced for solar zenith angles larger than 90? 
because of the increase tn the optical path, reaching lower and 
lower altitudes in the stratosphere Absorption lines of NO, 
CO, and H20 were predominant CO, and H5O lines were 
identified on the basis of the AFCRL infrared compilation? 
and for NO other laboratory data were used® The amount 
of NO in the optical path was deduced from the integrated 
line absorption cross sections computed’ from the band 
intensity® The number density of NO against altitude was 
inferred from the total amounts measured by division of the 
atmosphere into successive layers, each 3 km thick 

The values are given in Table 1 with the corresponding 
mixing ratios The limits of error indicated correspond to the 
maximum scatter of che original thirty data points taken for 
grazing ray altitudes from 38 to 15 km The results are repre- 
sented in Fig 1 with other experimental data On June 6, 
1973, a similar spectrometer, previously flown on a Caravelle 
aircraft?, was used on Concorde 001 in the same spectral 
region and witn the same resolving power The integrated 
amounts of NO measured in this latter case along the optical 
path from 152 km are (+1)x10'® and (55+1)x 1016 
moles cm-? at solar zenith angles of 88° and 90°, respectively 
The results are, within experimental error, 1n agreement with 
the data presented in Fig 2 

Several conclusions can be drawn from the new appearance 
of the chemospheric, NO distribution resulting from the addi- 
tion of the new data reported here As suggested by Nicolet!?, 
a stratospheric source of NO must exist The photodissociation 
of NO 1s a sufficiently large sink 1n the low mesosphere to 
compensate for the downward mesospheric and upward 
stratospheric NO fluxes‘! The sum of the measured amounts 
of NO and NO, (ref 12) indicates a large sink of NO, below 
25 km at mid-latitudes 

We thank G Fergant, S Schadeck and E Van Ransbeeck 
for help This work was sponsored in part by the Centre 
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Fig. 1 Intensity of solar radiation recorded at an altitude of 

40 km against wavenumber 1h cm~ , Spectrum at a solar 

zenith angle of 86°, ———, spectrum at a "zenith angle of 94° 

The absorption lines due to ma ir E NO, CO, and H20 are 
indicate: 
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Fig. 2 Experimental values of the number density of nitric 
oxide against altitude ın the chemosphere 
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Radio Detection of Low Energy 
Electrostatic Sparks 


WE have carried out laboratory and outdoor studies to see 
whether radio observations with a tuned loop aerial can 
be used to monitor low energy electrostatic sparks and to 
separate spark discharges from corona-type discharges 
Since corona 1s in general non-incendive in inflammable 
hydrocarbon air mixtures—but sparks may be incendive 
1f sufficiently energetic—the observation of electromagnetic 
radiation from a discharge could form a simple technique 
for monitoring potentia] ignition hazards 

The types of discharge m which we have been interested 
are those which could provide a mechanism for the ignition 
of explosions ın large oil tankers — Electrostatically charged 
mists can be generated in cargo holds by tank cleaning 
operations with high pressure water jets and by sloshing 
of water ın part ballasted tanks due to ship motion It is 
thought that electrostatic,sparks may occur when conducting 
bodies such as slugs of water approach projections into the 
tank space where there 1s a concentration of electric field, 
or when such bodies leave these projections and move to 
the tank wal! We have simulated this type of localized 
electrostatic discharge by discharges between a variety of 
isolated smooth metal electrodes and a plane metal elec- 
trode (see Fig 1) 

These bodies were connected to a high voltage supply 
by a very high impedance lead—around 10" Q The large 
RC tme constant of this lead, compared with radio 
frequencies, ensured that only the electrostatic charge on 
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Fig. 1 Variation of 38 MHz aerial signal with breakdown 
voltage for various isolated bodies Discharges were between a 
plane metal electrode and a, sphere 19 mm in diameter, 5, sphere 
25 mm in diameter, c, sphere 50 mm in diameter, d, spherically 
ended cylinder, 25 mm in diameter, 125 mm long, e, sphere 
125 mm in diameter, f, spherically ended cylinder, 25 mm in 
diameter, 250 mm long Spark gap at ground level Aerial at 
10 mrangeand24melevation Aerial bandwidth about 2 MHz 


iac 
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the conducting body could contribute to a discharge from 
the body, and that only the conducting body and the 
discharge channel could act as radiating aerial elements 
Sparking rates were kept low, around 1 s^, to minimize 
interaction of residual 1onization on successive sparks 

Observations of electromagnetic radiation were made at 
38 MHz using a tuned loop aerial with a bandwidth of 
about 2 MHz This frequency was chosen mainly for 
convenience—some observations have also been made at 
10, 150 and 3,000 MHz The pulse of rf oscillation induced 
in the tuned loop aeria] was monitored by a simple wide 
band integrated circuit amplifier (using Plessey SL 611 units) 
followed by a transistor detector The transfer character- 
istics of these circuits followed a roughly square law 
variation of gain with signal amplitude, from about 52 dB 
at 01 mV input to 72 dB at 1 mV input Experimental 
observations were made in a fairly flat outdoor area well 
away from large buildings and structures which might 
produce reflexion and interference effects (see Fig 1) 

The results of our experiments are shown in Fig 1 
Our studies show the following 

(1) The aerial signal at 38 MHz rises with breakdown 
voltage at low voltages, and with all the bodies studied 
reaches a plateau value between 6 and 10 kV 

(2) For breakdown voltages up to about 6 kV there is 
little variation in. signal. amplitude between successive 
individual sparks For breakdown voltages above about 
6 kV the amplitudes of signals may vary appreciably from 
spark to spark—although the mean value seems to remain 
steady at around the plateau value 

(3) Sparks from larger bodies give rise to larger aerial 
signals at any particular voltage—but there 1s no simple 
correlation between signal amplitude and the energy or 
coulombs discharged (even after taking account of the 
increase 1n capacitance of bodies near a conducting surface) 

(4) For sphere to plane sparks, the aerial signals vary 
roughly linearly with distance of the aerial from the spark 
source—confirming that the observations relate to electro- 
magnetic radiation 

(5) Several observations confirm that signals generated by 
metal to metal spark discharges are comparable to those 
for metal to water discharges—so long as the speed of 
approach of the discharge surfaces is fast enough (above 
about 05 m s^) to avoid breakdown by mechanical 
instability? of the water surface 

(6) Even weak sparks can be observed quite easily For 
example, breakdown of the 19 mm sphere to plane gap 
at 1 kV involved the discharge of only 3 nC of charge and 
about 2 uJ of energy 

Observations on the radio emission characteristics. of 
positive and negative point corona discharges from isolated 
bodies were also made in outdoor studies The impedance 
of the high voltage supply lead was reduced to around 10" Q 
and a sharp 30 mm high projection was placed on the 
plane electrode beneath the bodies At the voltages used 
in the above studies no radio signals were observed with 
either negative or positive point corona Only for much 
higher voltages, large bodies and high discharge currents 
of positive point corona were any signals observed—these 
were still fairly small compared to those observed with low 
energy sparks For example, with a sphere 125 mm in 
diameter and a 30 mm gap to the 30 mm projection, the 
amplitude of the radio signals varied from about 01 mV 
at 32 kV and 01 mA discharge current, to 025 mV at 
47 kV and 03 mA discharge current 

Among the features of the radio emission characteristics 
of electrostatic discharges from isolated bodies worthy of 
further investigations are the reason for the appearance 
of a plateau in the variation of signal amplitudes with break- 
down voltage and the source of the spark to spark signal 
variations at high breakdown voltages These features and 
the optimum frequencies to use in practical studies might 
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be revealed by examination of the radio emission spectrum 
Measurements of signal amplitude may give some informa- 
tion on the smallest size body which could be involved in 
individual discharges 

Our observational technique has been used in shipboard 
studies for the International Chamber of Shipping to find 
the conditions in which electrostatic sparks occur during 
tank washing operations and during sloshing in part-ballasted 
cargo tanks in oil tankers and combination carriers 


J N CHUBB 
S K ERENTS 
I E POLLARD 

UKAEA Research Group, 

Culham Laboratory, 

Abingdon, Berkshire 


Received July 10, 1973 


! Chubb, J N, Proc Second Int Conf on Static Electricity, 
Frankfurt (Main) April 1973 (DECHEMA, in the press) 
2 Taylor, G I, and McEwan, A D,J Fluid Mech , 22, 1 (1965) 


BIOLOGICAL SCIENCES 


Possible Role of MSH in the Mammal 


PITUITARY control of sebaceous gland activity has generally 
been assumed to be a function of the anterior lobe The 
possibility that the neurointermediate (NI) Jobe is involved 
was first suggested when we found that its removal led to a 
decrease in sebum secretion to a level almost as low as that 
after total hypophysectomy! We concluded that the NI lobe 
is responsible for a sebotrophic hormone Several hormones 
are produced by the NI lobe and we now present evidence 
that this sebotrophic hormone is related to the melanocyte- 
stimulating hormones (MSH) from the pars intermedia 

In the first series of experiments we examined the effects 
of neurointermediate lobe hormones on sebum secretion 
Adult female Wistar rats received subcutaneous injections of 
the various hormones twice daily in 09% NaCl and after 
2 weeks the rate of sebum secretion was measured? Daily 
treatment with 50 ug synthetic a-MSH produced highly 
significant increases in sebum secretion in both intact 
(P<0 001) and hypophysectomized (P<0 001) rats (Table 1) 
On the other hand, daily treatment with either 1 5 or 4 5 U of 
oxytocin (‘Syntocinon’, Sandoz) produced no change in the 
sebum secretion rate of hypophysectomized rats (Table 1) 
Similarly, treatment with 15 U vasopressin. (‘Pitressin’, 
Parke-Davis) had no effect, but there was a small increase 
(P<0 02) in sebum secretion after treatment with 45 U 
(Table 1) This small sebotrophic effect may have been due 
to contamination with MSH  ‘Pitressin’, unlike ‘Syntocinon’ 
which ıs synthetic, is prepared from the pig posterior pituitary 
and we have found that one unit of vasopressin contains 
100-120 units of MSH activity (equivalent to 05-06 ug of 
a-MSH) These results suggest that the sebotrophic hormone 
1s related to an MSH from the pars intermedia. 

We tested this further by comparing the sebotrophic and 
MSH activity of an NI lobe extract The NI lobe was 
separated from acetone-dried pig pituitaries and an aqueous 
extract prepared (a) A second extract (b) was prepared 
from the anterior lobe powder, after removal of known 
anterior pituitary hormones, by the method of LorincZ The 
original acetone washings were dried (c) and assayed since 
any sebotrophic material could have been removed by the 
acetone The sebotrophic activity of these extracts was then 
measured in testosterone treated castrated-hypophysecto- 
mized rats 
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Fig.1 Effect of different pituitary extracts on sebum secretion 

These extracts were prepared from waste fractions discarded 
during the commercial preparation. (Organon Laboratories 
Ltd) of pituitary hormones Fresh pig pituitaries were dried 
with acetone and separated into anterior ard neurointermediate 
lobes The neurointermediate lobe powder was extracted with 
distilled water (100 ml g-? powder) for 60 min at room tempera- 
ture and then centrifuged at 12,000 rpm The supernatant was 
freeze-dried (a) The anterior lobe powder was used for the com- 
mercial preparation of known anterior pituitagy hormones 
(Organon Laboratories Ltd) The residue that remained after 
extraction with acetic acid was suspended in water and the pH 
adjusted to 8 6 and filtered The pH of the filtrate was adjusted 
to 3 0 with dilute HCl and cooled for 2d at 8° C The precipi- 
tate that formed was collected and freeze-dried (b) Thuis pro- 
cedure ıs similar to that originally described by Lorincz* The 
acetone washings were also freeze-dried (c) Fresh pig pituitary 
tissue (200 g) yielded 55 g a, 06 g b, and4O gc The sebo- 
trophic activity of these extracts was measured in castrated- 
hypophysectomized rats treated with 02 mg testosterone per 
100 g body weiglt Subcutaneous injections of the extracts 
(8 mg d-t) 1n saline were given for 2 weeks and the rate of 
sebum secretion. then measured? The sebotrophic activity 
(white areas) 1s shown as the increase in sebum secretion (mg 
per 100 g body weight d-') over that of the control rats The 
MSH content of the extracts a, b and c was assayed*, and the 
amount of sebotrophic activity of each extract that could be 

accounted for by its MSH content 1s shown (hatched areas) 


The rats were divided into four groups and received daily 
subcutaneous injections of 8 mg of the extract ın 09% saline 
Treatment was continued for 2 weeks and the rate of sebum 
secretion then measured Sebotrophic activity, defined as 
the increase in sebum secretion in mg per 100 g body weight 
d~ greater than that of the control rats, was found in all 
three extracts (Fig 1) But when this was expressed in 
relation to the starting material (Fig 2) it can be seen that 
most of the activity occurred 1n extract a from the NI lobe 
There was a smaller amount in the acetone washings (c) and 
negligible amounts ın the anterior lobe extract (b) The high 
MSH contents of extracts a and c (78,000 and 19,000 units 
mg™ respectively) could account for their sebotrophic 
activity (Fig 1) Extract b contained very little MSH activity 
(2,400 units mg 7) and sebotrophic activity of this extract 
18 probably due to residual anterior pituitary trophic hor- 
mones (A J T, W M Goodale, and S S, unpublished) 

These observations further support the idea that the 
sebotrophic hormone from the NI lobe 1s an MSH If this 1s 
true then administration of MSH should correct the effects 
of the removal of the NI lobe on sebaceous gland function 
After removal of the NI lobe in male rats the rate of sebum 
secretion was significantly lower than that found in sham- 


operated and intact rats (Fig 3) After daily treatment with* , 


30 ug a-MSH per 100 g body weight,for 2 weeks the rate 
of sebum secretion in the posterior hypophysectomized rats 
increased and was restored tothe normal levels found in the 
sham-operated eand intact rats | 
The physiological significance of MSH in the mammal has 
not been established In amphibia MSH is concerned with 
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Table 1 The Rate of Sebum Secretion in Intact and Hypophysecto- 

mized Female Rats after Treatment with Synthetic a-MSH, and Hypo- 

physectomized Female Rats after Treatment with Oxytocin ('Synto- 
cinon') and Vasopressin (‘Pitressin’) 





Sebum secretion 


Treatment No of mg per 100 g 
rats  mgd-! P bodyweightd-! P 
(a) Intact 
Control 6 230404 — 111+01 — 
MSH 6 299+13 «0001 146+11 «0001 
(50 ug d-*) 
(b) Hypophysectomized 
Control 7 10405 — 55402 — 
MSH 7 142+08 «0005 814503 «0001 
(50 ug d-*) 
Control 7 105404 — 63203 — 
'Syntocinon' f 
15 U d~ 5 97+04 NS 60+01 NS 
45U d-: 5 104404 NS 632303 NS 
*Pitressin' 
15Ud- 5 122-08 NS 71x03 NS 
45Ud- 5 128406 «002 74+002 «002 





Student's ¢ test was used to test the significant differences between 
control and treated groups NS not significant at 005 level of 
probability 
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Fig. 2 The sebotrophic activity g^! pituitary tissue of extracts 
a, b and c 
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Fig 3 Effect of removal of the neurointermediate lobe (a) and 

replacement with a-MSH (30 ug d-! for 2 weeks) (6) on the 

‘rate of sebutn "secretion in seven rats compared with seven’ 

intact and five’ sham-operated rats (mean +se) There was a 

significant (P <0 001) difference in sebum secretion between the 
operated rats (a) and the intact controls 
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the control of colour change With the evolution of hair in 
the mammal, control of skin colour 1s much less important 
and the pigmentary hormones seem to have developed new 
roles These results suggest that in the hairy mammal MSH 
may serve as a sebotrophic hormone concerned with the main- 
tenance of hair lipid 

We thank Miss C Taylor and Mrs C L Carrick for 
technical assistance We acknowledge grants from the 
Medical Research Council and Wellcome Trust The pig 
pituitary powder was provided by Organon Laboratories 
Ltd and the a-MSH by Ciba-Geigy Ltd 
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Correlation between Antimicrobial 
Activity and Peroxidase Content 
of Leukocytes 


MICROBICIDAL assays on polymorphonuclear leukocytes 
(PMN) have been reported'+, but their application as clinical 
tests has been delayed, partly because of the relatively large 
blood volumes required’? and the possible damage to the 
phagocytosing cells during the separation procedure? Also, 
accurate determination of the viability of phagocytosed 
microbes 1s a problem Previous methods involved either a 
disruption of the PMN or indirect criteria for viability such 
as the incorporation of ?H-thymidine', the presence of 
buds on yeast cells’, or histochemical integrity of RNA? 
Our work aimed to develop a direct and sensitive micro- 
scale method to distinguish small differences in the micro- 
bicidal activity of PMN and to evaluate the role of myelo- 
peroxidase (MPO) ın this microbicidal function of PMN 


E 


Fig. 1 Blood smears stained for peroxidase (black ın photo- 


graph) by the method of Graham-Knoll a, PMN filled with 

MPO-positive granules from a normal human, 5, PMN of pig 

showing only few MPO-positive granules, c, PMN of chicken 
completely lacking MPO 
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The extent to which MPO ıs important for the intracellular 
killing? remains questionable 

We have developed a simple and discriminative candida- 
cidal assay and have determined the fungicidal activity of 
PMN from normal humans, pigs, and chickens These 
contain much, little and no MPO respectively (Fig. 1) We 
also used it 1n a case of human MPO-deficiency* not pre- 
viously studied By using these PMN of different MPO- 
content, we attempted to find a correlation between the 
MPO and fungicidal activity 





Fig 2 Photograph of PMN having phagocytosed five CA cells 

The killed CA (K) have accumulated methylene blue and appear 

dark The living CA (L) have excluded the dye and remain 
unstained 


Our problem was to demonstrate the viability of Candida 
albicans (CA) inside the secondary lysosomes of the intact 
PMN Methylene blue is concentrated in the lysosomes of 
living phagocytes’ and, as this only stains non-viable cells, 
viability was determined using this dye PMN were obtained 
by incubating three drops of whole blood on a cover-slide 
forming the bottom of a moist chamber? After removing the 
blood-clot the monolayers of PMN were covered by a suspen- 
sion of CA (2,000 cells ul?) in Hank's solution containing 
25% homologous serum For the last 10 min of the 1 h 
incubation period, methylene blue (final concentration 2 107* 
M 1n Hank's solution) was added to stain the dead phago- 
cytosed CA blue, whereas the living CA remained unstained 
(Fig 2). Similar experiments were performed using KCN 
(final concentration 107? M), an inhibitor of MPO? Exper- 
ments using Hank’s solution with 25% serum without PMN 
served as controls. 

The advantage of this procedure is that it allows direct 
microscopic observation of the number of phagocytosed and 
killed CA The phagocytosis of CA was accomplished 
within about 10 min Means of 42 (sd +033) CCA per 
PMN were counted for humans, 36 (sd +018) for pigs, 
and 14 (sd +05) for chickens The differences are attributed 
to the difference in size of the PMN. After an incubation 
period of 1 h the percentage of dead CA in the PMN was 
determined The greatest percentage was found in the PMN 
from humans (Fig 3) Unlike previous findings with other 
methods” the killing of CA by chicken PMN was significantly 
lower when compared with human PMN (P<0 0025) Also 
the efficiency of kilfing CA was significantly less in pig 
(P<0 0005) when compared with the normal human. The 
MPO-deficient human PMN, however, weye capable of 
killing CA to some degree ın contrast to other results from 
an MPO-deficient patient? The experiments using KCN 
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Fig. 3 Percentage of phagocytosed CA killed after 1 h incuba- 
tion The CA inside 100 PMN were counted and*the dead CA 
expressed as percentage of the total phagocytosed CA The 
values were corrected by subtracting the percentage (<2%) 
of already dead CA 1m the suspension before the beginning of the 
experiment N, Killing achieved by normal healthy human, pig 
and chicken PMN incubated with CA suspended in Hank's 
solution containing 25% serum (mean and sd of six duplicate 
experiments) N-+KCN, Killing of CA by PMN incubated as 
for N but with KCN in a final concentration of 10-3 M (mean 
and sd of five duplicate experiments) P, Killing of CA by 
PMN incubated as for N from an MPO-deficient patient 


showed a reduction in the killing of CA by PMN by 834% 
(sd +374) for normal humans, 37% (s.d +17.1) for pigs, 
and 48% (sd +143) for the chickens (significant at P<0 05 
respectively), The experiments using only the 25% serum 
with or without KCN (107 M) showed no significant change 
1n the number of dead CA compared with the original suspen- 
sion (<2%) 
Because the PMN of pigs and chickens were less efficient 
than the human we suggest that MPO may be important for 
the microbicidal activity This was supported by experiments 
with the MPO-inhibitor, KCN, in which killing by the MPO- 
rich human PMN was reduced much more than that of pigs 
or chickens 
Species differences in fungicidal activity, however, suggest 
that the MPO cannot be the only system involved, otherwise 
we would expect pigs to show a higher fungicidal activity 
than chickens Also, the chicken and the MPO-deficient 
human PMN can kill CA, which suggests that there 1s 
another mechanism(s) This would also explain why KCN 
does not totally prevent the intracellular killing Such a 
system could be provided by the basic proteins which are 
present ın large amounts ın chicken PMN” and only in 
small amounts in human PMN”? 
We thank Dr and Mrs W Alms for co-operation and 
Dr E Undritz for advice This work was supported by a 
grant from the Swiss National Foundation for Scientific 
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Lipid Motion and Rhodopsin Rotation 


ROTATIONAL diffusion Of rhodopsin in the visual receptor 
membrane was demonstrated recently by Brown! A relaxa- 
tion time of about t~20 us was measured by Cone? for the 
rotation of rhodopsin about an axis perpendicular to the plane 
of the membrane This result was discussed in terms of the 
viscosity of the lipid mairix of the visual receptor membrane 
It was concluded that the lipid matrix is “‘highly fluid” 

On the molecular level the fluidity of a lipid membrane 1s 
determined by intra- and intermolecular motions of the lipid 
hydrocarbon chains and by the rapid lateral displacement of 
the lipid molecules within the plane of the membrane By 
the spin label technique it has been shown that the frequency, v, 
of this lateral displacement is of the order of v=107 s-! for 
biological membranes and model membranes of synthetic 
lipids at a temperature above their thermal phase transition?:4 
The corresponding coefficient for the lateral diffusion of the 
lipid molecules ıs of the order of Da=3 x 10-8 cm? s-! This 
means that a lipid molecule in a fluid lipid matrix remains at a 
given site in the lipid lattice for no longer than about 10-7 s 

We used a simple model to estimate the rotational relaxation 
time, t, of rhodopsin from the hopping frequency, v, of the 
lipid molecules Figure 1 shows a view from above of a lipid 
membrane containing a cylindrical macromolecule M embed- 
ded between the lipid molecules. A denotes the average 
distance between the lipid molecules and 1s equal to the length 
of one jump 1n the lateral motion of the lipid molecules The 
rotational axis of M 1s assumed to be perpendicular to the 
plane of the membrane It will be assumed that the cross 
section of the molecule M is not exactly circular but has at 
least one "spike", S, of a few Angstroms in height Then M 
can rotate only 1f a vacancy is temporarily created in the neigh- 
bourhood of the spike S This spike may be a local protrusion 
of the polypeptide chain or 1t may be a lipid molecule which 1s 
firmly attached to the rhodopsin molecule In this model the 
rotation of M. may be visualized as a sequence of rotational 
increments each involving an angular change 0, According 
to Fig 1 the value of 0, ıs related to the average distance, i, 
between the lipid molecules by 0, — /R, where R denotes the 
radius of the molecule M 

The coefficient of rotational diffusion, D,, may then be 
written as 


D,[rad? s-*]=1/2(v, 02) = 1/2(v,42 R7?) 
where v, (=v) ıs the frequency of elementary rotational 


, displacements 


The corresponding value of the rotational correlation time t 
is given by t=(2n)?/D, For a fluid bilayer of dipalmitoyl- 
lecithin (at 50° C) v ıs 09x107 s-! (ref 3) The average 
distance, À, between the lipid molecules may be estimated from 
the average area, F, occupied by a lipid molecule For a 
triangular lattice formed by the lipid hydrocarbon chains F 1s 
related to the lattice constant a by F—a^4/3 A value of 
F=60 A? would correspond to a—59 Å As seen in Fig 1 the 
lipid lattice 1s highly anisotropic, a given lipid molecule has 


Ni 
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~twesnearest neighbours at a distance a, four neighbours at a 
distance 4/3a and two neighbours at a distance 2a For 
F=60-80 A? (ref 5) we obtain a=5 9-6 8 A and an average 
value of à (=1 62 a) between 9 6 and 11 A 

The exact dimensions and shape of the rhodopsin molecule 
are not known In frog rods rhodopsin has a molecular 
weight of about 40,000 (ref 6) From an analysis of X-ray 
intensity data Blasie" concluded that the molecules are nearly 
spherical with a radius of R=20-21 Å Wu and Stryer® 
recently measured the energy transfer between fluorescence 
labels attached to different sites of bovine rhodopsin, their 
results suggest that rhodopsin has an elongated shape with a 
length of about 75 A This would correspond to Rw115 A 
for a molecular weight of 40,000 and a partial specific volume 
of about 0 80 


ORR / 





, 
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Fig.1 View from above of a lipid lattice with embedded macro- 
molecule M The lipid molecules rapidly diffuse laterally with a 
hopping frequency v~107 s-! Rotation of M about an axis 
perpendicular to the plane of the membrane by an elementary 
angle 04 requires that a temporary vacancy 1s created in the 
neighbourhood of a protrusion S on M by the lateral displace- 
ment of a lipid molecule L The frequency of the lipid displace- 
ments determines the frequency of incremental rotational steps 
and consequently the rotational correlation time of M — The size 
of S could actually be much smaller than shown 1f the drawing 


a 


We estimate the rotational correlation time, v, using the 
values R=15 A and R=25 A Somewhat larger values for 
R are used because it 1s the distance between the protrusion, 
S, and the centre of the molecule that determines the incre- 
mental rotational angle 0, For R=15 A, 4-10 Å and v= 
107 s-! we obtain D,=2 22 x 108 rad? s-* or t=(2n)? D,-t= 
18 ps Using R=25 A, X—10 A and v=107 s-! we arrive 
at D, 208x109 rad? s-* or t=50 ps 

These results suggest that the hopping frequency of the lipid 
molecules in the visual receptor membrane is about equal to, 
or is two to three times larger than, the hopping frequency ın 
dipalmitoyl-lecithin bilayers at 50° C This seems plausible 
because the lipid molecules in the visual receptor membrane 
contain highly unsaturated hydrocarbon chains? 


Our results remain virtually unchanged if the molecule M * 


has two (or more) spikes so that one rotational step requires 
the simultaneous displacement of two (or more) lipid molecules 
This 1s because the relaxation time for the free rotation of a 
molecule M with a molecular weight of 40,000 is of the order 
of 10-? s in the absence of environmental restrictions as estim- 
ated from the kinetic energy of rotation at 203 K This value 
is very small compared with the lifetime of a vacancy 1n the 
liptd lattice which may be assumed to be equal to the inverse 
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of the jump frequency about 10-7 s Therefore, if two lipid 
molecules at different sites must be displaced in order to allow 
one rotational step (0,) these two places need be vacant simul- 
taneously only for about 107? sec For a lifetime of a vacancy 
of about 10-7 s the probability of this happening is almost 
unity 

H TRAUBLE 
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Orotic Aciduria and Arginine 
Deficiency 


GROWING rats! guinea-pigs’, rabbits? and possibly human 
beings require dietary arginine for optimum nitrogen 
retention and normal growth Adult men’, dogs® and rats! 
do not require dietary arginine for nitrogen equilibrium and 
it is assumed that adults of other species also meet all of their 
arginine needs from synthesis within tissues Kennan and 
Cohen’ have suggested, however, that the Krebs—Henseleit 
urea cycle, in which arginine is an intermediate, operates at 
near maximum capacity for ammonia (that is NH,;+NH,°*) 
detoxification 1n immature rats Sperm, which contain a 
large concentration of arginine, decrease in numbers and 
motility when collected from mature men or rats fed 
arginine-deficient diets®® Free orotic acid found normally 
in milk? cannot be readily detected ın normal tissues" It is 
barely detectable 1n normal urine? unless orotate is fed 
(our unpublished results) We have observed profound 
orotic aciduria in arginine-deficient growing rats? and in 
ammonia-intoxicated rats (unpublished results) The 
accumulated evidence suggested that endogenous synthesis 
provides limited reserves of arginine for detoxifying ammonia 
1n mature animals and that important metabolic consequences 
might ensue if their diet lacked arginine We report here 
experiments with rats which clearly show that marked 1n- 
creases ın orotate and urea excretion are sensitive indicators 
of dietary arginine deficiency, regardless of age and body 
size The data also show that the usual methods of deter- 
mining amino acid needs for adult mammals fail to revea] 
biochemical changes caused by diets lacking available 
arginine 

Sprague-Dawley rats reared on a commercial diet fed 
ad lıb were placed on an L-amino acid diet (control)* when 
they weighed 40, 175 or 500 g After 3 d, half the rats were 
switched to the same diet devoid of arginine (—Arg) The 
eutrogen content of the — Arg diet was equalized to the 
control with glycine — Urine was collected under acidified 
toluene Portal and ‘peripheral venous blood was collected 
under anaesthesia ^ Orotate'5 urea” and ammonia? were 
determined colorimetrically The 24 h orotic acid excretion 
for 40, 150 and 500 g rats fed the complete diet averaged 
13+1, 845, and 16+4 pg, respectively During the first 


"n 
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24 h on the — Arg diet, orotic acid excretion reached 225, 
150 and 25 times control levels for 40, 150 and 500 g rats, 
respectively After 72 h the corresponding multiples were 
300, 360 and 175 (Fig 1) Orotate excretion was greatest for 
40 g rats, intermediate for 175 g rats and lowest 1n 500 g rats. 
All —Arg rats excreted significantly more orotate than their 
respective controls Growing puppies also showed profound 
increases in urinary orotate within 24 h after they began 
consuming an arginine deficient diet (our unpublished 
results) 


Table 1 Blood Urea and Ammonia in Rats Fed an Amino Acid 
Mixture with and without Arginine 

Control — Arginine 
Peripheral NH3-N (ug ml-1) 25*+01 407+05 
Portal NH3-N (ug ml-*) 374402 71%+02 
Portal/peripheral 15 18 
Peripheral urea-N (ug ml-!) 76*+10 1187+06 
Portal urea-N (ug ml-!) 97*+06 130f+08 
Portal/peripheral 13 11 


Horizontal means with unlike superscripts differ, P«0 05 


. 

Urinary urea excretion also increased during the first 24 h 
(Fig. 2) of — Arg feeding and the difference relative to control 
increased with time in the 40 and 175 g rats Portal and 
peripheral blood ammonia concentrations were significantly 
greater 2 h after feeding in rats given the — Arg diet (Table 1). 
We attribute the increased blood ammonia to enhanced 
amino acid catabolism? due to amino acid imbalance, and 
to increased urea hydrolysis? ın the gastrointestinal tract As 
previously, blood urea was also significantly greater in rats 
given the — Arg diet? The large concentrations of blood 
and urinary urea reflect increased detoxification of ammoma 
by the liver 





175g 
123 | 


40g 


0 
Weight 
F 123 


Day 123 123 123 , 


Fıg.1 Urinary urea excretion by rats fed a purified amino acid 
diet with (a) or without (6) arginine 
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The profound increase in orotate excretion 1s undoubtedly 
due to shunting of carbamyl phosphate into pyrimidine bio- 
synthesis The significant increases seen in urinary orotic 
acid during hyperammonaemia?, altered pyrimidine metabo- 
lsm” and arginine deficiency? support this conclusion The, 
ability of arginine to protect ammonia-intoxicated animals 
emphasizes its role ın the metabolic handling of ammonia??? e 
Incorporation of ammonia anto carbamyl phosphate ıs the 

' ınıtial step in arginine formation®* by way of the urea cycle 
and likewise in the production of pyrimidine components? 
for DNA and RNA through the orotate pathway. 
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mg orotate per day 





Fig. 2 Urinary orotate excretion by rats fed a purified amino 

acid diet with or without arginine # e ææ, Control ---, 

Arginine-deficient top line, 40 g rats, middle line, 175 g rats, 
bottom line, 500 g rats 
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Our studies indicate that profound increases in urinary 
excretion of endogenously formed orotic acid do not'occur 
with other amino acid deficiencies? When single or com- 
binations of amino acids are introduced into the body in 
excess, deamination causes a transient increase in tissue fluid 
ammonia, perhaps exceeding the cafacity of the liver for 
urea synthesis This can occur without peripheral blood 
ammonia concentrations reaching toxic levels? Increased 
orotic acid excretion probably occurs in such circumstances 

Our results show that metabolic pathways of growing and 
mature animals respond rapidly to arginine deficiency by 
changing the excretion of primary end products of nitrogen 
metabolism. Arginine deficient animals appear to provide a 
valuable model for studying the control of pyrimidine bio- 
synthesis Organic acids of the tricarboxylic acid cycle also 
increase significantly in urine? In view of the similarities 
in intermediary metabolism in animals, our findings demon- 
strate the need for comparable studies ın other ureotelic 
species, including man 
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Prostaglandin Production and Bone 
Resorption by Dental Cysts 


SEVERAL malignant tumours!-* and benign dental cysts? 
resorb bone in tissue culture As prostaglandins can resorb 
bone® and the mouse fibrosarcoma synthesizes PGE,-like 
material’, we studied the possibility that the resorption factor 
produced by dental cysts 1s a prostaglandin 

Dental cysts were carefully enucleated from anaesthetized 
patients and quenched in hexane and dry ice Weighed samples 
were tested for their content and ability to synthesize prosta- 
glandin-like material by homogenizing for 30 s (Silverson 
homogenizer) ın either Krebs solution alone, or Krebs solution 
and ethanol (1 1) acidified to about pH 3 with formic acid to 
inhibit. prostaglandin. synthesis The homogenates were 
extracted? and assayed on the rat fundus strip? in Krebs 
solution at 37? containing hyoscine, methysergide, mepyramine 
(all 02 ug ml-t), ‘Hydergine’ (Sandoz) (0 25 ug ml-!) prone- 
thalol (1 pg ml-*) and indomethacin (1 ug ml-t) These 
drugs increase the selectivity and often the sensitivity of the 
assay 

Extracts of cyst homogenized in Krebs solution alone 
contained substantial amounts of prostaglandin-like activity 
(23-233 ng g-* as PGE,) whereas acidified ethanol homo- 
genates contained smaller **basal levels" (0-60 ng g-! as PGE;, 
five experiments) The mean reduction (89%) was significant 
(P<0 001, t=8 74) (Fig 1) Cyst tissue therefore appeared to 
form prostaglandin-like material when enzyme activity was 
not inhibited!? 

Cysts were maintained in Hanks solution at 0? C for a 
maximum of 1 h after enucleation  Full-thickness samples, 
1-2 mm square, were cultured for 48 h 1n Reynolds modified 
BGJ medium"? gassed with 5% CO; in air, alone or with 
indomethacin 5 pg ml-t to inhibit prostaglandin synthesis?? 
Aliquots of each medium were extracted, bio-assayed for 
prostaglandins, and chromatographed in the AI and AII 
solvent systems? as modified by Stamford and Unger!^ 
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PG—like activity (ng g—! of cyst) 


a b 
Homogenisation in (a)Krebs and 
(b) acid-alcohol Krebs 
Fig. 1 Prostaglandin-like activity in homogenates of dental cyst 


(a) 1n Krebs solution, and (b) after enzyme inactivation 1n acid- 
ethanol Krebs solution 


Samples were also assayed for parathyroid hormone using à 
radioimmuno technique, but none was found 

The media of cysts without 1ndomethacin contained high 
levels of PG-like activity (1 7-81 pg g7! cyst, mean + sem 
19 + 70 assayed as PGE.) (Table 1) Much smaller amounts 
(0 0007-1 0 ug g-t cyst, mean + sem 02 + 0 1) wereextracted 
from the media containing indomethacin (P<0 02) The seven 
periapical cysts which form at the apices of non-vital teeth 
released more PG-like material (5 6-81 ug g-! cyst as PGE;, 
mean + sem 28 + 9 6) than the four developmental follicular 
cysts (1 7-60 pg g-*, mean + sem 34 + 10, P«005) 





Table 1 Prostaglandin-like Material Produced by Dental Cysts 





Prostaglandin-like material (as PGE,) released in 
cyst 48 h culture media 


Reynolds BGJ Reynolds BGJ plus 
Cyst medium indomethacin (5 ug ml-t) 
No type ng pg gt ng pg g^ 
ml-! cyst mi-+ cyst 
1 P* 1,820 81 10 04 
2 P 490 25 0 13 01 
3 P 355 15 29 01 
4 P 190 56 018 0 006 
5 P 185 39 40 10 
6 P 520 17 50 02 
7 P 480 15 <002 « 0 0007 
8 Ft 46 17 50 02 
9 F 240 60 30 01 
10 F 97 34 «002 « 0 0007 
11 F 91 25 80 04 





* Infi. mmatory periapical cyst ft Developmental follicular cyst 


Most of the prostaglandin-like material ran at the same 

Re (0 62-0 65) as PGE compounds using the system to separate 
type E from type F compounds!^ bnt in seven out of thirteen 
experiments some ran at the Rẹ of PGF compounds (0 47- 
055) PGE alone was detected 1n six experiments, PGE and F 
were indicated in six, and PGF-like activity alone in one 
experiment Alkaline hydrolysis (0 2 N NaOH, 30 min, 37? C), 
which inactivates PGE but not PGF compounds, inactivated 
the material running at the PGE Re value but not at the PGF 
° k; value (three experiments) In fourteen cysts chromatography 


e inthe AII system?? tentatively indicated varying proportions of 


the following, PGE, (Rr 0 77-0 88, six cysts), PGE2 (Rr 0 57- 
0 67, thirteen cysts), PGF, (R 0 57-0 67, five cysts), PGF, 
(R: 0 31-0 48, eight cysts), and a slower running material with 
an Rr value similar to that of PGE;/PGF; (015-0.23, nine 
cysts) In five cyst incubates PGE>-like material was present 
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Bone resorpuon (mg calcium released per 100 ml media) 


PGE;—like material ml—! of media (ng) 


—05 


Fig. 2 Bone resorption produced by 1 ın 30 and 1 in 300 dilu- 

tions of cyst culture media without indomethacin (——) com- 

pared with the indomethacin (- — —) containing media showing 

diminished bone resorption and release of prostaglandin-like 
material (measured as E;) 


in the greatest amount (1 3-12 2 ug g7! assayed as E2) and in 
six other cysts the slower running material was the most 
abundant (1 7-33 ug g7! assayed as E2), PGF, Was predominant 
in two cysts and PGE, in one If the slower running material 
1s PGE, or PGF3, the amounts would be considerably greater 
than those stated in terms of PGE, as the rat fundus strip is 
approximately ten times less sensitive to PGE; and 100 times 
less sensitive to PGF, than to PGE, 


Table 2 Bone Resorption by Cyst Culture Media 





Bone resorption * (net mg Ca released per 100 ml 


PG media) z 
content (1) (2) (3) 
Cyst ng ml“! Cyst Cyst media Cyst media + 
media media t T PPP indomethacin 
as E; (100 ug ml-!) (5 pg ml-?) 
1 607 ] 6020 47 0 30+0 39 165-025 
2 162 1 22+0 091 012402 13240 22 
3 118 252+101 — — 
4 63 3 39+0 201 129-023 2 2440 63 
5 62 07340 11§ 003+0 17 103+0 16 
6 173 2 66+0 31} 031x019 2 55+0 24 


* Resorption 1s expressed as the difference in calcium release 
between the experimental and control halves of each calvarium 
Meantsem of four calvaria 


1 Cyst culture media diluted 1 2 
oy Highly significant (P<0 001) difference between groups (1) and 


§ Significant (P <0 01) difference between groups (1) and (2) 


As gingiva also releases bone resorbing material?:15 we 
compared the relative abilities of cyst and gingiva to produce 
prostaglandins Specimens of clinically uninflamed gingiva 
were cultured with the addition of nystatin, 6 ug ml-* media, 
to prevent monilial overgrowth The range of prostaglandin- 
like material detected after 48 h culture in plain media was 
15-68 ug g-! gingiva measured as E; (mean + sem 33+ 
0 5, twelve experiments) This closely resembled the follicular 
cyst range, and was significantly less (P«0 005) than the 
periapical cysts Chromatography in the AII solvent system of 
eleven samples of gingiva indicated mixtures of prostaglandin-* 
hke material with an A; of PGE, (seven samples), PGE, (ten 
samples), PGF, (six samples), PGF, (eight samples) and 
PGE;/F3 (three samples) . The predominant prostaglandins 
were PGE,-like material in. eight cases, PGE;-like material 


^. 
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in two cases and PGF;-like material in one case A breach 
in the periosteum 1n early periodontal disease might lead to bone 
destruction by this prostaglandin-like material 

Samples of cyst culture media without indomethacin were 
added as described below to half calvarta (six-day-old albino 
mice) previously cultured in Reynolds BGJ medium for 48 h 
Each calvarium was initially halved along the sagittal suture 
to provide experimental and control bones The experimental 
bone was cultured in 1 5 mi of cyst culture medium diluted 
1 2 with fresh medium alone (Group 1) or containing the 
prostaglandin antagonist polyphloretin phosphate (PPP)!%!7 
100 ug ml-* (Group 2), or indomethacin 5 ug ml-' (Group 3) 
Each group consisted of four calvaria, the controls containing 
the inhibitors in fresh media The cultures were gassed with 
5% CO; in air and incubated at 37? C for a further 60 h 
Resorption was estimated by atomic absorption spectrophoto- 
metry as the increased release of calcium by the experimental 
bones The results were calculated using Zanelli’s correction 
formula!® y 

The cyst culture media caused substantial bone resorption 
significantly inhibited by the prostaglandin antagonist PPP 
(Table 2) but there was no inhibition when indomethacin was 
added (Group 3) Bone resorption still occurred when the 
plain culture media were diluted in 1 ın 30 and 1 ın 300, but not 
with the comparable indomethacin culture media (Fig 2) 
Indomethacin thus reduces both the release of prostaglandin- 
like material by the cyst and the production of the bone 
resorbing factor Comparison of the dilution/resorption curves 
for a cyst culture medium (assayed as E) and standard pre- 
parations of PGE;, F, and F, also suggests that the resorption 
by the cyst media 1s due to prostaglandins (Fig 3) As the rat 
fundus ts relatively insensitive to PGF, and PGFs, their 
concentrations in the cyst media will be underestimated 
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PG (g 100 mi! media) 
Fıg. 3 A dilution/resorption curve for a cyst culture medium 
A), compared with those of standard preparations of 
PGE, ($—— 9). PGFia (@---@) and PGF3, (O——O) 


If prostaglandins play a role in bone resorption by dental 
cysts they must presumably be released at a site accessible to 
the bone Bone resorption 1s not significantly less when the 
calvaria are incubated with cyst capsule rather than with 
full-thickness cyst wall? The bone-resorbing factors therefore 
seem to be released by the outer capsule adjacent to the bone 
rather than by the lining epitheltum These observations 
support the possibility that prostaglandins (perhaps mainly 
PGE;) produced by dental cyst capsule are responsible for 
bone resorption by cysts within the jaws 
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Growth Hormone and Premature 


Ageing 


Ir has often been suggested that the immune system may be 
involved in ageing’. Fabris ez al? claim that such immune 
; deficiencies are caused by inadequate stimulation of the 
lymphoid system by growth hormone (GH). They compared 
mice with inherited pituitary dwarfism (homozygotes for 
Snell’s dwarf mutation, dw) with normal mice from the 
same stock. The life span of the dwarfs was only 3 to 5.5 
months (mean 4.5 months) although the mean life span of 
their normal sibs was 20 months. The early death of the 
mutants was taken as a sign of premature ageing. The loss. 
and greying of the hair, cutaneous atrophy, and bilateral 
cataracts which occurred in the dwarf mice from the age 
of 2 to 3 months were also taken as signs of ageing, as such 
changes only occurred in normal littermates during their 
last few months of life. 
several tissues, including the thymus, of a 5-month-old dwarf 
as less than by the corresponding tissues of a 17-month-old 
normal mouse. The uptakes were greater, in both dwarf and 
th.. 


The uptake of *H-thymidine by ° 


The immune. system was considered to play.a 
ageing processes for two reasons, First, these dwarf mk 
had lower thymus and spleen weights, and deficiencies ol 
immune response when compared with normal | 
Second, their life span could be prolonged by giving 
injection of lymphocytes from a normal mouse; | 
cause of the defects in the immune system was consid: red 
be a lack of pituitary GH, because this liormone is lacking 
in dwarf mice? and because the life span of the dwarfs could 
be extended to a year by giving them thirty daily injec ns 
of GH and thyroxine’. If these causal relations are gene 
premature ageing should be a consistent feature of syndrom 
of growth hormone deficiency. 




















































Fig. 1 Two female littermates aged 5 months. One is dwarf: 
(dw dw) and the other is normal. Both mice have black, non- 
agouti, fur. The scale divisions are cm. 


I have studied a stock? of mice segregating for the same 
pituitary dwarfism mutation (dw). Figure 1 shows tw 
female littermates aged 5 months. One of them is a dwarf 
Both mice are alive and have full complements of hait. A 
few white hairs can be detected in the coats of both mice 
This is normal for mice with black, non-agouti, fur*. Figur 
2 shows the same 5-month-old female dwarf accompanied 
by a 5-month-old male dwarf. The fur of both is normal 
as it is in other dwarfs of this stock at this age. Cataracts 
are absent from these mice. 

The dwarf mice in our stock, which is maintained und 
conventional conditions, are larger than those of Fabri: 
et al5 (10-13 g as against 7 g) and live longer. The mice ih. 
the photographs, and other dwarf mice born at the same 
time, have now reached the age of 8 months and still show. 
no signs of premature ageing. At the age of 4 months the 
relative weight of the thymus was similar in dwarfs and their 
normal littermates (187+ 16 and 190+23 mg per 100 g body 
wt), The spleens, however, were relatively smaller i 
dwarfs (106-18 as against 2734.73 mg per 100 g) 
corresponding values for the mice of Fabris et al. à 
age of 3 months were: thymus, 90 and 100 mg per 100 gan 
spleen, 270 and 500 mg per 100 g. i 

I have confirmed, using polyacrylamide gel electrophore: 
that GH and prolactin are absent from the pituitaries of ov 
dwarf mice, Thus, although hormone deficiencies may. 
a part, other factors present in the stock of Fabris et al. 
be of major importance in determining the occurren 
thymic deficiencies and signs of premature ageing. 
« "factors could be genetic, as the genetic backgrounds of the t 
stocks are different? and the existence of genes which m 
the expression of major mutants is well established”. 

Premature ageing is not a characteristic of the othe 
tary dwarf mouse (refs 11 and 12 and my personal o! 
tion) (Ames dwarf, df), nor of: the several inherited. i 
hormone deficiencies in man". Several of the va 






nt | from the atrophied skin resulting from 
rmal "ageing processes", Pygmies, who have a genetic 
resistance. to GH, do not show premature ageing". 




































i Fig. 2 The dwarf mouse at the front is female and has black, 
- nón-agouti, fur. The second mouse is also a dwarf, but is a male 
with black, agouti, fur. Both mice are 5 months old. 


"The assumption that a deficiency of GH alone is the cause 
of premature ageing in the dwarf mice of Fabris et al. stock 
takes no account of the evidence that pituitary dwarf mice 
also lack ‘prolactin’ and are hypothyroid!**, The equation 
shortened life span with premature ageing may not be 
justified, as the resistance to infection of the immunclogically 
deficient dwarfs may be considerably reduced. In such 
circumstances the altered uptake of thymidine in dwarf mice 
close to death could be caused by stress rather than by pre- 
mature ageing, for the permanent cortex of the adrenal gland 
is not deficient in dwarf mice*, 

i Although GH deficiency could be important in the pre- 
mature ageing of individuals of particular genotypes, its role 
as a major factor in the initiation of ageing is far from 
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Regional and Historical Aspects of. : 
Lead Pollution in Britain 


Two major periods of increase in atmospheric: lead concen- 
trations have been recognized in the Northern Hemisphere— 
the first resulting from the rapid growth of industry during the 
eighteenth and nineteenth centuries, the second from the great 
expansion of motor vehicle traffic since the end of the Second 
World War':?. There is clear evidence of lead pollution caused 
by motor vehicles close to busy roads*~*, and the three-fold 
increase in lead concentrations in snow from the Greenland 
ice-cap during the past 20 yr has also been correlated with the 
emission of lead aerosols from car exhausts’, In Britain many 
minerals, including lead, have been exploited over a long 
period of time, but some, including Jead, have declined in 
importance in the past 100 yr after peak extraction levels in 
the eighteenth and nineteenth centuries. Thus it is probable 
that in certain areas of Britain heavy metal pollution has been 
worse in the past than it is now. This communication examines 
the historical trends in lead pollution in Britain by use of 


nineteenth century and present-day moss specimens, and by ` 


peat profiles-—methods used also by other workers to demon- 
strate historical trends in heavy metal pollution in Scan- 
dinavia?'5, 





Table 1 Lead Contents of Nineteenth Century and Present-day Speci- 
mens of Hypnum cupressiforme 








Mean lead content (p.p.m.) Degrees of 


19th century 1972-73 freedom t 
Snowdonia 99.4 (10) 83.6 (12) 20 0.649 
Morecambe Bay 722 (8) 73.9 (9) 15 0.105 
Derbyshire 2082(160 .  222.5(10) 24 1.210 
Teesdale 215.6 (10) 71.2 (10) 13 3.806* 
North Scotland 28.6 (10) 18.6 (19) 23 1.832 
West Ireland 31.5 (8) — — — 


M M 
The figures in parentheses are the numbers of samples analysed. 
Morecambe Bay samples are from Carboniferous limestone out- 

crops around the Bay. Derbyshire samples are all from the White 
Peak, and the majority are from the Buxton area. Teesdale samples 
are from upstream of Middleton-in-Teesdale. North Scotland 
samples are from the south shore of the Moray Firth between Banff 
and Inverness, gnd from Wester Ross. Irish samples are from the 
coasts of Counties Sligo, Galway, and Clare. Five of the Snowdonia 
samples are from the Conway Valley, the rest are scattered through 
the region. 


* P=0.01-0.001. Because of unequal variances, the degrees of 
freedom have been adjusted in some cases. 


The Manchester Museum contains good collections of many 
species for the period 1850-1900, including the. widespread 
moss Hypnum cupressiforme, which was used by Rühling and 
Tyler in their study of pollution in Scandinavia?. Herbarium 
specimens of Hypnum cupressiforme from six areas in Britain 
were selected for our study. Most specimens dated from the 
period immediately following the decline of lead mining in 
Britain around 1870, but there were earlier specimens from 
Teesdale covering the period 1850-1870 (when the mines were 
at peak production). Present-day specimens were collected 
during 1972 and 1973 from sites as close as possible to those 
of the herbarium gatherings, but always at a distance of at 
least 100 m from the nearest road. Before analysis all moss 
samples were washed in several changes of de-ionized water 
to remove superficial dust and soil particles, and then dried 
in an oven at 80° C. The dried samples. were. ground with a 
pestle and mortar, and digested in a. nitric-perchloric acid- 


mixture (4: 1 volume). The resulting solutions were analysed.» 
for lead (and also other heavy metals) by atomic absorption 
spearonhotometry. 
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The results of the analyses are shown in Table 1 Clear 
regional differences are apparent, both for the herbarium and 
the present-day specimens, with consistently low lead contents 
recorded for oceanic areas of Britain remote from large centres 
of population (North Scotland and West Ireland, <32 ppm) 
The highest nineteenth century values (> 200 p pm) are from 
the old lead mining and smelting areas of Teesdale and the 
White Peak of Derbyshire The levels from present-day 
Teesdale samples are significantly lower, and presumably relate 
to the demise of the lead industry there after 1870 In the 
Derbyshire samples, however, present-day lead concentrations 
remain high, and it 1s possible that these reflect the reworking 
of the tips for fluorspar and the close proximity of other indus- 
tries Intermediate lead contents (70-100 p p m ) are recorded 
from both nineteenth century and present-day specumens from 
Snowdonia and the Morecambe Bay region Lead was 
formerly mined in Snowdonia in considerable quantities 
(though little was smelted there), while other nineteenth century 
extractive industries (notably 1ron) dround Morecambe Bay 
may have contributed indirectly to the increased lead concen- 
trations there In none of the regions is there any significant 
increase in the lead content of the present-day moss samples, 
so that the data do not support Ruhling and Tyler’s idea of a 
second increase in lead pollution in recent decades What 
cannot be determined from the moss data 1s the overall pattern 
of lead values during the past 100 yr, since herbarium speci- 
mens from the past few decades, unless collected from precisely 
documented sites, are useless because of the possibility of lead 
contamination from motor vehicles 





Table 2 Summary of the Evidence Used for Dating the Buxton Pollen 








Diagram 
Depth Feature in pollen Suggested 
(cm) diagram Interpretation dating (AD) 
17-18 Appreciable cereal Cereals grown in Derby- 
pollen values shire by 1750 (ref 7) Post-1650 
9-10 Increase in pine«ol- Early tree planting 
len values around Buxton® Post-1790 
8-9 First detectable soot Early industrialization 1780-1800 
In peat 
7-8 Lowered cereal pol- Post-Napoleonic War de- 
len values pression?:? 1815-1830 
6-7 Marked increase ın Oldest ash trees in Derby- 
ash pollen shire mostly 140e160 
yr old}? 1830-1850 
5-6 Marked increase ın Expansion of Buxton 
soot levels ın peat after 1851 (ref 10) Post-1850 
3-5  Lowered cereal pol- Agricultural depression 
Ien values 1n Derbyshire at end of 
nineteenth century?! 1880-1905 
2-3 Marked rise in elm Most elm trees in Derby- 
pollen shire 70 yr old or lesst? 1920-1930 





Peat deposits, on the other hand, contain a continuous 
record of lead deposition and uptake by the bog vegetation 
over long periods of time The pattern of lead values shown 
in a peat profile could, however, be modified by differences in 
uptake by different types of bog vegetation, and by down- 
washing of material Although these possibilities cannot be 
discounted, we do not believe that 1n the profiles examined they 
account for more than a minor part of the variations observed " 

The peat profiles were collected as continuous monoliths 
(always at least 100 m from any road), divided into appropriate 
samples in the laboratory (usually 1 cm thick slices), and 
digested and analysed as for the moss samples Any large 
macroscopic remains in the samples were removed by hand 
before drying Figure 1 shows the lead content of a peat 
profile collected within 1 m of an earlier radiocarbon-dated 
profile from the Snake Pass, Derbyshire$, so that there are 


i eby pollen analysis 
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unlikely to be any substantial errors in the positions of the 
datings shown The site (grid reference SK 091928) is some 
9 km north of the nearest Derbyshire lead mining area, but 1s 
also more or less directly downwind of the Manchester conurba- 
tion A small peak in lead values in the profile around Ap 500 
may represent early (Roman) lead mining activities in Derby- 
shire A sustained increase in lead values occurs around 
AD 1460, and reaches peak concentrations of about 600 p p m. 
(as compared with the background concentrations of about 
8ppm) at the same depths ın the peat at which soot con- 
tamination first becomes obvious Lead values ın the surface 
5 cm of peat, however, are some 25% lower than the peak 
concentrations Thus at this site there has been very consider- 
able pollution with lead, and the major pollution correlates 
well with the industrialization of the surrounding area and the 
rise of the Derbyshire lead industry 
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Fig. 1 Lead analyses of a peat profile from the Snake Pass, 
Derbyshire The datings shown are radiocarbon determinations 
Q-855 and Q-849 to Q-853 (ref 6) 


Figure 2 shows the lead content of the upper layers of a 
peat profile from Buxton, Derbyshire (grid reference SK 028711), 
close to the sites from which most of the Derbyshire moss 
samples were collected Radiocarbon dates are not available 
for this profile, and tentative datings have been made instead 
The site ıs only about 2 km away from the 
main limestone outcrop of the White Peak, and about 3 km 
away from Buxton, and historical data relating to land use on 
the limestone and to the growth of Buxton have been used, 
therefore, to date certain features of the pollen diagram 
Table 2 shows the suggested datings Although any single 
dating by itself can only be speculative, the eight datings 
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taken together form a completely consistent series, which 
agrees well with the Snake Pass datings The datings give a 
rate of peat accumulation varying from 1 cm per 20 yr to 1 cm 
per 17 yr, and these limits have been used to construct the 
time scale shown on Fig 2 f 
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Fig. 2 Lead analyses of a peat profile from near Buxton, Derby- 
shire 


The Buxton profile shows an increase in lead contents 
beginning 1n the late seventeenth or early eighteenth century, 
and increasing to a maximum 1n the late nineteenth century 
The increase clearly parallels the growth of the lead mdustry 
in Derbyshire The small dips in the late eighteenth and early 
nineteenth centuries may represent the decreases in lead 
production due to technical problems and the slump in prices 
following the Napoleonic Wars The surface sample has the 
highest lead content, but this 1s only slightly higher than the 
peak nineteenth century values, and there 1s a close correspond- 
ence between the lead values for the profile and those for the 
moss specimens considered above 

Peat and moss samples from north-west Scotland both 
indicate low levels of pollution there The peat profile from 
Glenshieldaig, Wester Ross (grid reference NG 844484), shows 
a steady increase in lead content towards the surface (Fig 3), 
but there 1s no evidence of a dramatic increase in the topmost 
layers The exact dating of this profile by pollen analysis has 


go 
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Fig. 3 Lead analyses €f a peat profile from Glenshieldaig, 
Wester Ross 


underlying samples A similar pattern of lead values has been 
observed in several peat profiles from northern Scotland 
There 1s no indication of a decrease ın lead content in the 
surface layers of these peats, as might be expected from the 
moss analyses (Table 1), so that here there 1s apparently no 
close correlation between peat and moss samples The 
samples from this region of low background pollution show, 
however, that the exhaust from motor vehicles has had little 
effect on the lead concentrations 1n vegetation away from busy 
roads, and we conclude from the other evidence presented 
above that the overall regional pattern of lead pollution has 
been little affected also 
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The Giant Panda is a Bear 


"Exoric habitat, rarity, striking coloration, 'and an appeal- 
ing countenance have combined to surround the giant panda 


not yet been completed, but if a rate of peat accumulatione , (Ailuropoda melanoleuca) with an aura of mystery un- 


similar to that of the southern Pennines 1s assumed (that 1s, 
about 1 cm per 20 yr), then any clearly observable effect of 
motor vehicles should be found in the surface 2 cm of peat 
The results show that although the lead content of these two 
samples ıs a maximum for the.profile, there ıs no indication of 
a sharp increase from the concentrations of the immediately 


matched by most other mammals Nonetheless, we really 


* know little about the species, a lack perhaps best exemplified 


by the long-standing controversy about the giant panda’s 
phylogenetic position among the arctoid (canoid plus 
pinniped) carnivores There is general agreement that its 
closest affinities are with the ursids (bears) or procyonids 
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(raccoons), but then the argument begins The usual possi- 
bilities considered are (1) The giant panda's closest relative 
is the lesser panda (Ailurus fulgens), as this is usually 
classified among the procyonids, the giant panda should 
be also (2) The two pandas belong together ın a separate 
arctoid family (3) The giant panda 1s a somewhat aberrant 
bear and therefore belongs among the Ursidae!? 

We have previously approached problems of this sort ın 
primates**, other carnivores®, and frogs’ by immunological 
studies of albumin evolution Blood and tissue samples 
from the giant panda, Chi-Chi, were made available by 
Drs Brambell and Keymer, subsequent to her death in 
London in July 1972 The samples were placed in a 
2-phenoxyethanol solution? and sent to Berkeley by aur 
at ambient temperatures (to preclude refrigeration prob- 
lems ın transit) 





Table 1 Transferrin Immunological Distances among the Ursidae and 
Procyonidae 





Anti- Procyon lotor 
Procyon lotor 0 


Anti-Ursus americanus 
Ui sus americanus (black bear) 0 


Ui sus aictos (grizzly bear) 6  Bassanscus astutus (ring- 
Hela: ctos malayanus (sun bear) 8 tail) 
Tremarctos oi natus (spectacled Nasua nasua (coati) 22 
bear) 8 Bassaricyon gabbu (olingo) 25 
Thalarctos maritimus (polar Potos flavus (kinkajou) 28 
bear) 11 Ailuropoda melanoleuca 55 
Atilu opoda melanoleuca (giant Ursus americanus 60 
Atilin us fulgens 64 


panda) 
Atilu us fulgens (lesser panda) 52 
Procyon lotor (raccoon) 55 


poa 


—Ó————————————————————— 


Table 2 Albumin plus Transferrin Immunological Distances* among 
Ursus, Procyon, Ailuropoda, and Ailurus 





U a A A P Net change t 
Ursus 0 0 
Ailuropoda 22 0 0 
Ailu us 14 ? $ 0 +6 
Procyon 85 87 100 0 +3 


a cs 
* Obtained using antisera to the albumins and transferrins of 
Ursus americanus and Procyon lotor e 


+ This figure ıs the amount of change (AID plus TID) along that 
lineage relative to Ursus For example, the +6 for Ailurus indicates 
that Ailurus albumin plus transferrin have accumulated six more 
units of change than those of Ursus Data obtained using antisera to 
Mephitis, Canis, Enhydra, and Odobenus albumins and Canis, 
Mustela, Zalophus, Phoca, and Mu ounga transferrins 


+ Antisera to the Arlurus and Ailuropoda proteins have not yet 
been prepared 


Our previous studies of carnivore albumin evolution‘ 
had shown that the ursid albumin lineage had accumulated 
substantially fewer amino acid substitutions than those of 
other carnivores, thus markedly reducing the resolving 
power of this molecule in any ursid-related matters We 
had already begun a study of the evolution of carnivore 
and primate transferrins to parallel our albumin work, 


and preliminary observations gave two indications of the, 


particular use of the transferrins for the panda study 
First, we found that transferrin immunological distances® 


219 


are in preparation for publication elsewhere and only those 
results directly relevant to the panda questions will be 
mentioned here The transferrins were purified using the 
following sequence” Ruvanol precipitation. of the other 
serum proteins, treatment of the supernatant with (NH,),SO, 
retaining the fraction precipitating between 40 and 70% 
saturation, and then preparative polyacrylamide gel electro- 
phoresis The purified transferrins were injected into 
rabbits (four per species) according to a published schedules 
using 15-2.5 mg of transferrin per rabbit over the course 
of the immunization period The resulting antisera were 
pooled in reciprocal proportion to their microcomplement 
fixation (MC’F) titres! and all quantitative immunological 
comparisons carried out using the MC’F technique The 
differences among the transferrin (and albumin) species 
tested are expressed in immunological distance units, where 
one unit is approximately equal to one amino acid 
substitution” 


Panda phylogeny 
If 
Ursus americanus 
24 F (black bear) 
Ailuropoda melanoleuca 
8 (giant panda) 
42 
Ailurus fulgens (lesser panda} 
47 


Procyon lotor (raccoon) 


25 20 15 10 5 0 
Time (m y ) 


Fig 1 A phylogeny of the two pandas based on the data of 
Table 2 The numbers along the lineages indicate the amounts 
of albumin plus transferrin change (measured 1n 1mmunological 
distance units) along them The time scale ıs applied using a 
figure (in a conjectural sense) of 250 units of albumin plus 
transferrin change for 60 m y of separation between mammalian 
lineages, based on our studies of those two proteins among 
primates, carnivores, and rodents 


In view of the basic question, "Is the giant panda a 
bear or a raccoon?” it 1s interesting to note that the closest 
interfamilial association among the arctoid carnivores 
(except for the three pinniped families) ıs between the 
ursids and procyonids Even after correcting for the con- 
servatism of ursid albumin evolution, the summed Ursus 
to Procyon albumin plus transferrin immunological distance 
of ninety-seven units 1s still less than for any other inter- 
taxon comparison among the taxa Canidae, Ursidae, 
Procyonidae, Mustelidae, and Pinnipedia (the range among 
these five taxa ıs 110—150 units) Thus ıt would seem that 
the ursids and procyonids share a common ancestral lineage 
subsequent to the divergence of those leading to other 
arctoids—an observation which tempers the bear-panda- 
raccoon controversy to an appreciable extent and circum- 
scribes effectively the problem of the position of the pandas 

The data specifically relevant to the panda are given in 
Tables 1 and 2, and their phylogenetic implications in 
Fig 1 From the data of Table 1, obtained with antisera 
to the transferrins of the black bear and raccoon, it 1s clear 
that the giant panda belongs to the ursid lineage although 


(TID) averaged some 60% greater than the corresponding , ethe other bears tested share a period of common ancestry 


albumin distances’ (AID), and second, that ursid transferrin 
evolution was not conservative 
Uisus-feloid (Felts, Hyaena, Aictogalida) TID of 131 
units is very similar to that found for Canis (127), Mustela 
(131), or Mirounga (135) 

The overall carnivore transferrin results and conclusions 


For example, the mean * 


subsequent to the divergence of the giant panda lineage 
The closeness of the relationship between the giant panda 
and the other bears 1s emphasized by the fact that their 
TID (eighteen units) 1s within one,unit of those separating 
other quite closely-related species pairs such as domestic 
cat and lion, dog and fox (Vulpes), or baboon (Papio 
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anubis) and macaque (Macaca mulatta) These data also 
show that, though the New World procyonids form a fairly 
compact group, the lesser panda associates neither with 
them nor with the giant panda In fact, if the albumin 
and transferrin data are taken together (Table 2), they 
tend to place the lesser panda lineage as a very early 
offshoot from the ursid line, though this latter hypothesis 
awaits further testing using both molecular and compara- 
tive anatomical evidence 

It should be noted that an immunological conclusion of 
the giant panda’s ursid status 1s not a new one Some 
years ago, Leone and Wiens, using antisera to whole sera 
and the turbidimetric technique, also concluded that the 
giant panda was a bear? It should be pointed out, how- 
ever, that questioning their conclusions concerning the 
giant panda, could raise certain issues and this study was 
undertaken to try to resolve these In particular, because 
whole serum reactions are usually mostly albumm 
reactions, the bear-giant panda association could have 
been due simply to conservatism of albumin evolution 
in both the giant panda and ursine lineages The use of 
the transferrins 1n this study answers this potential criticism 
of Leone and Wiens's work and at the same time reinforces 
the validity of the conclusion they reached 

It 1s of some importance to point out that our panda 
conclusions accord almost exactly with those drawn by 
Davis in his anatomical study of the giant panda! To 
exemplify the general agreement between molecular and 
more classical phylogenies, I should like to end with a 
quote from Davis's monograph. 

"Every morphological feature examuned indicates that 
the giant panda is nothing more than a highly specialized 
bear . Ailurus resembles Atluropoda in several features 
involving the masticatory apparatus and the fore foot, 
the two extremely specialized structures in both genera 
Some students (eg Gregory) associated Ailuropoda with 
Adurus, and therefore with the Procyonidae, on the basis 
of these resemblances ‘There ıs also a resemblance in the 
male external genitalia, a structure that 1s curiously aberrant 
in these two genera In all other morphological features 
Ailurus obviously has nothing to do with Ailuropoda or 
the Ursinae The similarities that Gregory and others 
have emphasized are convergences resulting from similar 
functional requirements, they are not similarities. resulting 
from common ancestry The proper allocation of Ailurus 
is somewhat uncertain. Except for the specialized condi- 
tions mentioned above, its morphology resembles that of 
the Procyonidae more closely than that of any other family, 
but these resemblances may represent common primitive 
features I am not sure that Ailurus belongs with the 
Procyonidae, which 1s where all modern authors place it, 
but in the absence of clear evidence to the contrary it 
seems best to leave it there” (p 322) 

Ailurus samples were provided through the Rutgers Sero- 
logical Museum by Dr Boyden and by Dr Mottram of 
the San Francisco Zoo The technical assistance of Anne 
Hil and National Science Foundation support to the 
author and to Dr Allan Wilson, as well as the cooperation 
of Mr Reuther of San Francisco Zoo, and Drs Brambell 
and Keymer of London Zoo, are acknowledged 
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Whales’ Respiratory Volume as a 
Possible Resonant Receiver for 
20 Hz Signals 


SINCE the advent, some 25 yr ago, of recording equipment 
responsive over a wide frequency band, listening stations at 
scattered ocean locations have recorded long, repetitious 
trains of powerful, low frequency sound pulses that vary over 
a narrow 6 Hz band centred at about 20 Hz}? Once an 
enigma, the source of these remarkable signals 1s now 
thought to be baleen whales, and although several types of 
signals have been recorded’, implying that more than one 
species 1s responsible, strong evidence implicates the finback 
whale, Balaenoptera physalus, as one of the generators! The 
low frequency acoustic mechanisms of whales are as yet un- 
known! but, based mainly on sound propagation theory, ıt has 
been both suggested? and vigorously argued that the whales 
use the signals for long-range communfcation 

While considering cetaceans as acoustic targets, I stumbled 
on an intriguing theoretical analogy. The target strength of ` 
fishes depends on the relationship between swimbladder 
gas-volume and the frequency of the impinging sound wayes 
When the gas volume is properly related to frequency, ıt 
resonates, strangly reinforcing the scattered sound’ To 
evaluate whales, I followed the same approach, substituting 
the respiratory air for swimbladder gas-volume I used the 
2,000 1 lung volume reported for a 216 m finback whale‘, 
assumed a spherical gas form, calculated the radius of such a 
hypothetical bubble, and computed its resonance frequency 
at an arbitrarily chosen depth according to Andreeva’s 
formula’ The result so closely matched the signals known to 
be produced by finback whales that ıt prompted me to further 
considerations 

A possible flaw in the above treatment 1s in the assumption 
of a spherical gas form for compatibility with Andreeva’s 
formula, but work with smaller, trarned cetaceans has shown 
that total alveolar and bronchial collapse occurs at about 10 m 
depth The air ıs forced out of the extremities of the respira- 
tory tree and is contained in the resilient, cigar-shaped 
trachea? The same situation. may apply to the larger 
ecetaceans The shape of the trachea approximates a prolate 
spheroid the acoustic behaviour of which will vary only 
+10% from that of spheroids of equal volume’, 

Encouraged by the above information, I then generated 
a family of resonance curves for surface jung volumes ranging 
from 1,000 to 3,000 1 at depths to 100 m (Fig 1) This 
treatment indicates that the resonance frequency of all these 
gas volumes corresponds to 20 Hz within the pressure range 
exerted by depths of from 36 to 63 m, and that the entire 
6 Hz band (17 to 23 Hz) 1s covered between depths of 27 to 
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78m Thus, neither the size of the whales nor slight varia- 
tions 1n their respiratory volume ıs crucial to the hypothesis 
with the given assumptions 

How deep do finback whales normally dive? Valid data on 
depth of sounding for various whale species are sparse but, 
some 30 yr ago maximum diving depths of from 85 to 355 m 
were approximated for five finback whales by using mano- 
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Fig. 1 Resonant frequency curves for finback whale surface 
respiratory volumes calculated according to Amdreeva’s for- 
mula 


fi 2 RA (Qv Po 41] p) 


where f, 1s the resonant frequency in Hz, R 1s radius of a sphert- 
cal [bubble in cm, y ıs ratio of specific heats (14), Po 1s 
pressure in dyne cm-?=atmx10°, u is shear modulus of 
fish flesh (10°) and p 1s density of seawater (102 g cm?) An 
additional atmosphere for pressure at sea level has been added 
to the depth pressures * Surface respiratory volume (x 10? 1) 


meters attached to harpoon lines’ Although it ıs question- 
able whether harpooned whales behave normally, these data 
at least indicate that the finback whale is capable of diving 
to and below those depths that would result in 20 Hz 
resonance 

The concept of resonance in the auditory sense of cetaceans 
is not new From the mid 19th century, it has frequently* 
been proposed that air in the cavities associated with the 
middle ear responds to sound waves and transmits the 
amplified signal to the cochlea”, and long before mysticete 


whales were known to produce low-frequency sounds a , 


resonant phonation function was inferred for their laryngeal 
sacs! But the entire question of sonic and auditory 
mechanisms, even for the smaller cetaceans that can be sub- 
jected to experiment, 1s still hotly debated Obviously, the 
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situation for the larger, unmanageable mysticetes is even 
more of a mystery. 

Ideas on the projecting mechanism of the 20 Hz pulses 
are contained chiefly in a symposium proceedings!” An 
earlier proposed “heartbeat hypothesis” was put down, and 
the larynx, probably in conjunction with the associated 
laryngeal sac, was considered the most likely generator The 
lungs were suggested as a possible resonant source, but, 
because the frequency of the pulses had not been shown to 
vary 1n accordance with the depth and size of the whales, this 
idea was set aside The low-frequency receiving mechanisms 
of baleen whales were not considered then, however, and, in 
this context, the possible role of respiratory volume resonance 
now deserves further examination 

Although peak resonance response to impinging signals 
would require that a whale dive to and remain at a critical 
depth, the Q of the sound spectrum predicts that considerable 
amplification could still be gained by a whale occupying a 
selective, but relatively thick, depth stratum For example, 
the 6 Hz band indicated in Fig 1 delineates the half-power 
down points Therefore, a 2,000 ! whale could occupy some 
26 m of the water column (and a 3,000 1 whale about twice 
that) and still benefit from strong resonant enhancement of 
the signal. Furthermore, 1f a whale dives below its potentially 
resonant depth strata, ıt will pass through this zone again 
while surfacing In effect, the model indicates that a whale 
with a gas-filltd resonant structure can both “tune” itself to 
certain frequency bands and control the “gain” by either 
regulating the volume of its inspired air or operating within 
prescribed, but relatively broad, depth lumits The advan- 
tages of such a system need no explanation 

Neither the content of the message, if in fact 20 Hz 
signals are communicative, nor the maximum ranges attain- 
able by the whale’s system’ need be of concern here Nor 
1s ıt now appropriate to ponder directional reception or the 
possible role of the laryngeal sac It should be mentioned, 
however, that a resonant receiver that could not also be 
coupled to the driver would be a poor design. 

The case for resonance reception is based solely on what 
may be a provocative, spurious correlation But large whales 
are difficult experimental subjects, and cetology is fraught 
with conjecture stimulated by anatomical hints and chance 
observations Further speculation should not seriously 
endanger progress 


E G BARHAM* 
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Swansong of a Polymath 


Memories II By Julian Huxley Pp 
269--25 photographs (George Allen 
and Unwin London, 1973) £495 
HAVING first disclosed my interest as an 
old friend of the author, I must, as the 
reviewer of this swansong to a distin- 
guished career, consider the career as 
well as 1ts hero's account of it, and the 
man himself Few subjects could be 
more baffling Are we concerned with 
the life of an eminent scientist, an 
inveterate birdwatcher, a social refor- 
mer, a cultural philosopher, a pioneer 
humanist, a star performer on the plat- 
form or at the microphone, an insatiable 
devourer of knowledge or, as he con- 
fesses, a voracious traveller? Where in 
the mutually reflecting galaxy of 
Huxleys does" T H end and Julian 
begin, or Julian lead and Aldous follow 
without knowing where to halt? How 
does one disentangle the cosmic, time- 
less, far-ranging aspect of his imagina- 
tion and studies from the restless, eph- 
emeral, energy-dissipating motion of a 
character who sometimes makes one 
feel that mass communications and the 
Jet age were a response, however co- 
incidental, to the pattern of living which 
his dynamic called for? What has been 
his influence, and where has it been most 
felt? Is he, as he sometimes implies, 
a prophet ahead of his time—a proposi- 
tion for which there is plenty of evi- 
dence? Or is he rather the natural 
spokesman of a complex protean con- 
temporary western culture, hybrid be- 
tween the classical and the scientific, 
ceaselessly glissading across the Snow 
line without being able to find a settled 
abode? Has he made the right enemies 
for valid reasons or has he to some 
extent been his own worst enemy? 

If, perish the thought, there were a 
regular profession of autobiography, 
Julian Huxley would rank as one of its 
accomplished performers He writes, 
at 86, in a crisp untiring style, giving 
life and pace to his tale, and even taking 
two volumes he has so much to tell 
that he is never long-winded He 
achieves an engaging blend between 
profundity and triviality, and between 
the public record and the personal back- 
ground He is Often open and revealing 
about his own doubts and weaknesses, 


and considering the intense and not 
always fair opposition which he has 
encountered he 1s remarkably charitable 
and free of self-pity, giving ample credit 
to others 

If faults are to be found ıt may be 
thought by some that the travelogue 
and diary of events tend to overshadow 
the rest, and that the explanation and 
drama of his many crusading campaigns 
are &ut down to an incidental and super- 
ficial element Critics who compare 
facts and even dates with such other 
sources as Ronald W  Clark's The 
Huxleys will find a number of dis- 
crepancies and confusions on the 
detailed record The proportionate 
space devoted to different events and 
episodes sometimes seems to reflect the 
relative ease of retelling them rather than 
their significance 

This second volume starts appropri- 
ately with the odd and unexpected 
appointment of the author as first 
Director-General of UNESCO, of which 
he remarks, “I was flabbergasted I 
knew nothing about the organizational 
aspects of such a body, and felt I would 
be at sea 1n such a post, but promised 
to think it over Though I felt like 
one of those early Christians who wére 
kidnapped and forced to become 
bishops, I announced my agreement 
and went home to report to Juliette 
She was shocked " Whatever 
some may feel with hindsight over the 
validity of his doubts, his acceptance 
was an important step in the history of 
science The original scheme had been 
for a UNECO, devoted to education and 
culture but excluding science from them 
It was Julian Huxley's eleventh-hour 
intervention. Which bad remedied that 
blunder already, but without hís leading 
role in launching the new agency there 
1s little doubt that science would in 
effect have been shouldered out, and 
under some of his Successors ıt has 
sometimes seemed that the name was 
assumed to be UNEsCO, with a very 
small “s” His early difficulties were 
aggravated by some unwise appoint- 
ments, strongly biased in favour of 
leftist intellectuals, and 1t may well have 
been these, rather than his personal 
opinions, which led to his being accused, 


as he records, and by Lady Zimmern 
in particular, of being a communist 
Copsidering the barely workable con- 
stitution, the lack of precedent and 
organized support, the national 
jealousies and constraints and the stag- 
gering diversity of the agenda it was a 
remarkable achievement to get the 
agency firmly established, all the more 
so because objections led to his being 
allotted only a two-year term of office 
instead of the standard five 

While probably no later chapter 1s so 
important as a first-hand source, scien- 
tific historians will find much valuable 
material about the origins and growth 
of many subsequent initiatives. which 
have helped to set trends and to shape 
organizations, 1n many cases with the 
early participation of the indefatigable 
Julian Huxley His final chapter ıs 
entitled “Ageing, but still active", and 
1t 1s most fortunate that one of these 
latest fruits of hig far from negligible 
continuing activity has been the comple- 
tion of this valuable and well written 
account of a life spent in studies and 
action highly relevant to the problems 
of today and also of tomorrow 

E M NICHOLSON 


Essential Physics 


Mechanics and Electrodynamics By 
L D Landau and E M Lifshitz Pp 
xij4-282 (Pergamon Oxford and 
New York, May 1972) £3 


IN the years before his tragic death 
Landau had the idea of producing a 
course of theoretical physics giving the 
“minimum of material" with which 
every physicist should nowadays be 
famthar, but containing much less than 
the volumes of the well known Course 
The present volume is essentially an 
abridgment of the Mechanics and 
Classical Theory of Fields volumes of 
the larger Course The translators are 
J B Sykes and M Hamermesh 

The first impression given 1s one of 
surprise that so much that 1s useful and 
relevant can be included in a rather 
small book Problems with solutions 
are provided and there 1s at the begin- 
ning a useful summary of the notation 
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In part I, the mechanics section begins 
with Hamilton's principle (here called 
the principle of least action) and gives 
a concise and elegant account of the 
relation between invariance and con- 
servation laws Central orbits, colli- 
sions, oscillations, motion of a rigid 
body, and non-inertial frames of refer- 
ence are discussed Hamiltonian 
mechanics, the Hamilton-Jacobi: equa- 
tion and adiabatic invariants conclude 
this section 

(Any physicist capable of reading the 
book will not be disturbed by equation 
(196) where a coordinate of an oscil- 
lating system 1s represented by a complex 
number) Two chapters on the special 
theory of relativity follow 

Part II deals with electrodynamias 
and begins with an action principle, the 
Hamiltonian for a charged particle ın an 
electromagnetic field, the electro- 
magnetic field tensor Thereafter a 
surprising number of useful topics are 
discussed in an elegant and economical 
manner These include the electro- 
magnetic moments of systems of 
charges, electromagnetic waves, diffrac- 
tion, retarded potentials, radiation 
damping, and scattering 

There are a very few things which I 
should lıke to see changed , for example, 
it is not shown that the retarded poten- 
tials satisfy the Lorentz condition which 
was assumed in their derivation. How- 
ever, these are small points in compari- 
son with the scope and economy of the 
treatment The physicist who 1s 
thoroughly versed in this “minimum of 
material” will be well eguipped It may 
be that to learn the material from this 
book he will have to read carefully and 
reflect However, he will probably 
enjoy doing it and it will be a good 
training for the persevering student 

CHARLES STRACHAN 


People Need Protein 


Proteins in Human Nutrition Edited by 
J W G Porter and B A Rolls Pp 
x1+560 (Based on the Proceedings of a 
NATO Advanced Study Institute on the 
Chemistry, Biology and Physics of Pro- 
tein Evaluation, held in Reading, Eng- 
land, March 1972) (Academic Press, 
London and New York, 1973) £950 


A GREAT deal has been published in the 
last few years on the subject of proteins 
1n human nutrition, and my first reaction 
to the title of this book was that 1t was 
unlikely to contain much that 1s interest- 
ing or new I soon found this impres- 
sion to be entirely wrong the book ıs a 
most valuable contribution, informative, 
lively and stimulating. It 1s arranged in 
four sections protein supplies and 
requirements , the evaluation of protein 
quality , the role of food science and 
technology , and factors affecting the 
utilization of proteins 


Three main themes can be identified 
in this symposium The first ıs the 
problem of applying existing knowledge, 
particularly in relation to the needs of 
developing countries Mauron, in his 
introduction, throws out the challenge 
“We are now aware that protein mal- 
nutrition 1s more an economic problem 
than a medical one, more a matter of 
food distribution than of production 

In few fields 1s there such a dis- 
tressing gap between knowledge and its 
implementation” 

The opening chapters on world sup- 
ples of protein paint on the whole, 
rather surprisingly, an encouraging 
picture Jalil and Tahir from FAO 
conclude that “there is a solid basis for 
optimism that rapid progress can now 
be made in closing the protein gap”, 
and Worgan, writing on unconventional 
sources of protein, states that in rela- 
tion to total food output there need 
never be a deficiency of protein To 
produce food, however, achieves nothing 
unless ıt can be purchased and eaten 
Other contributors from FAO make the 
point very clearly that dietary adequacy 
ıs directly tied to income, and empha- 
size the importance of distribution of 
income and purchasing power This 
1s brought up again by Rosen, in an 
article on the use of oilseed proteins, 
who stresses that "it 1s only by greater 
study of and greater emphasis on these 
less scientific (that 1s, economic) factors 
Boverning the use of proteins that we 
shall start to be able to stem the increas- 
ing gap". 

The second theme is whether there 
really ıs a protein gap, or whether the 
real problem is an energy gap or a 
total food gap There 1s a clear differ- 
ence of opinion among the contributors, 
although it is not argued out in any 
detail Payne states that “At the physio- 
logical level probably no country has 
an overall shortage of protein, so that 
the problem, if any, 1s one of unequal 
distribution ” The phrase “at the 
physiological level” 1s a reminder that 
the question whether there 1s a protein 
gap can only be answered if we know 
the requirements for protein The one 
deficiency in this book is that it contains 
very little discussion on this subject A 
remark quoted from Cathcart ıs perti- 
nent “Any diet can be regarded as 
defective 1f you put your so-called stan- 
dard high enough” Whitehead’s chap- 
ter on the protein needs of malnourished 
children provides practical confirmation 
of the rather low estimates of protein 
requirements put forward by FAO/ 
WHO, these form the basis for Payne’s 
point of view e 

The third theme, which takes up about 
half the book, 1s thas of protein quality 
and protein value It ıs fascinating to 
find that after more than sixty years of 
intensive work on this subject, there was 
almost total disagreement among the 
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participants on nearly every aspect of it 
Hegsted emphasizes the discrepancies 
between chemical score and biological 
assays Ina trenchantly critical chapter 
he concludes that there 1s no such thing 
as a reliable bio-assay of protein quality 
Other contributors take a much less 
pessimistic, or perhaps less critical, attı- 
tude Equally, there is disagreement 
about whether results obtained in rats 
can be applied to man, whether the 
same measurements of protein quality 
apply for maintenance and for growth , 
and even whether estimates of protein 
quality have any relevance to actual 
human diets — Pirie has the last word 
for thirty years he has claimed that a 
numerical measure of protein value is 
impossible, but no one has paid atten- 
tion 

The later chapters are less contro- 
versial, they deal with the problems of 
the food technologist in assessing and 
predicting qualities such as texture and 
flavour, and with factors which impair 
the utilization of proteins  Liener's 
chapter on toxic factors 1n protein foods 
is outstanding, and makes one wonder 
whether it 1s safe to eat 

A multi-author book of this kind does 
not come together by itself The editors 
are to be congratulated on the way in 
which the balance and standards have 
been maintained The printing and 
layout are also exceptionally good The 
book as a whole will be of value not 
only to the worker who already has 
some experience, but also to the more 
general reader who wants an over-view 
of current research and thinking in this 
field J C WATERLOW 


Organisms under Pressure 


The Effects of Pressure on Organisms 
By M A Sleigh and A G MacDonald 
Pp xu+516 (Cambridge University 
London, September 1972) £8 


Tuis book should prove to be a welcome 
addition to the literature dealing with 
the influence of pressure on biological 
processes, providing, as ıt does, a con- 
venient, authoritative, and broadly com- 
prehensive source of information to any- 
one who 1s carrying on research in this 
field or 1s potentially interested in taking 
itup Topics ranging from basic aspects 
of the physics and physical chemistry of 
increased pressures to the effects of 
pressure on relatively simple molecular 
systems as well as on such complex pro- 
cesses as adaptation, vertical migratory 
behaviour of fishes, and physiological 
processes of both marine and terrestrial 
animals including man, are included 
among the twenty-four articles plus 
three abstracts based on papers given 
at the 26th symposium of the Society for 
Experimental Biology, 1971 The sym- 
posium organizers deserve congratula- 
tions for, among other accomplishments, 
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bringing together from many parts of 
the world the most outstanding investi- 
gators currently active in research on 
various aspects pertinent to the general 
subject 
At the beginning, the editors make 
some apposite remarks, for example, to 
the effect that although the symposium 
papers make it evident that pressure 1s 
as important an influence as temperature 
on the lives of many (especially marine) 
aquatic organisms, the literature on 
pressure is much less than that on 
temperature This observation 1s under- 
scored by the fact that, within the last 
almost 100 years, this 1s only the third 
book to be published dealing primarily 
with the biological effects of increased 
pressure the first was by P Regnard 
in 1891 and the second, edited by A M 
Zimmerman, appeared as recently as 
1970 
In their introductory remarks the 
editors seem to take too restricted a view 
in the statement that “The fundamental 
effect of pressure 1s to favour changes 
that involve a reduction in volume, 
", whereas it 1s certainly true that 
a no less fundamental effect of pressure 
IS to oppose changes that involve an 
increase in volume, inasmuch as both 
sorts of changes may assume critical 
importance ın reactions involving large 
molecules such as the enzymes or other 
proteins and the nucleic acids charac- 
teristic of biological systems Further, 
equally fundamental aspects of the 
effects of pressure are that the net result, 
in regard to the magnitude and the 
direction, that is, inhibition or stimula- 
tion, can be determined (1) by tempera- 
ture, and (2) at a given temperature, by 
the chemical environment, for example, 
as 1n the reversal of narcosis by increased 
hydrostatic pressure. Although such 
relationships were revealed and inter- 
preted with some success with the aid of 
the theory of absolute reaction rates 
more than a generation ago, they are 
not taken into account in various in- 
stances wherein they might seem useful 
1n arriving at a clearer understanding of 
the phenomena involved, and, for the 
most part, they are only vaguely or 
casually mentioned in the symposium 
papers 
The broadly inclusive and indeed 
highly informative treatment of the 
subject conveys something of an impres- 
sion that the observed results of experi- 
ments are generally due to pressure 
per se, whereas different conditions and 
different ranges of pressure require 
different avenues of theoretical inter- 
pretation For example, increased 
pressures will increase or decrease the 
rate of a chemical reaction in homo- 
geneous solution in accordance with 
the amount of pressure and the mole- 
cular volume change involved in forma- 
tion of the attivated (transition) states 
from the reactants A volume change 


of this sort 1s never great enough to 
be measurable by comparing reaction 
rates at atmospheric and below-atmo- 
spheric pressure When a gas phase 
1$ present, however, as ın air-breathing 
animals, changes in pressure in either 
direction, that 1s, to greater or less than 
one atmosphere, are accompanied by 
changes in concentration of reactants, 
thereby introducing added complica- 
tions, for example, 1n the physiology of 
diving mammals and of man in space 
Additional complications arise in a 
deformation type of pressure rather than 
a uniformly acting, hydrostatic type 

Manifold opportunities for fruitful 
research are evident ın this book, notably 
studies on animals indigenous to the 
deep sea, a type of study which Regnard 
did not significantly achieve and which 1s 
only now being seriously undertaken 
by some of the authors represented in 
the book 

For a number of reasons, this sym- 
posium volume may be considered in- 
dispensable to anyone interested in the 
general subject FRANK H JOHNSON 


Physics in Archaeology 


Methods of Physical Examination in 
Archaeology By M.S Tite Pp xxx+ 
389 (Seminar New York and London, 
February 1973) £6 80 


IN recent years the application of 
physical methods to archaeology has 
grown ın importance. It 1s true that 
numerous fascinating methods have long 
been available, but because of lack of 
resources or entrenched archaeological 
attitudes, they have been comparatively 
httle used The situation is now 
changing, however, the scientist’s enthu- 
siasm for devising ever more refined 
methods is being matched by their 
application to archaeological problems, 
and the tendency to appoint scientists to 
the staffs of university archaeology 
departments in helping to promote the 
integration of these techniques as part of 
the accepted methodology in the, study 
of the past The time is now ripe for a 
handbook on the subject and this is 
admirably provided by Dr  Tite's 
Methods of Physical Examination 
The book covers a broad spectrum 

techniques for locating archaeological 
sites, age determination and methods for 
analysing the composition of artefacts 
Within each of these fields, Dr Tite care- 
fully and lucidly describes nearly all the 
methods of proven value, including very 
recent developments, and in each case 
he gives useful examples showing how 
the techniques ,have been applied in 
archaeology Most of the information 
has been culled frqm the existing litera- 
ture and there 1s little that 1s new, but 
this 1s no criticism, for 1t 1s most useful 
to have this body of information under 
the same cover for the first time If the 


NATURE VOL 245 SEPTEMBER 28 1973 


archaeologist wishes to know what work 
has been done on, for example, the 
characterization of a certain type of arte- 
fact or 1f he wishes to discover what 
method would best solve a particular 
problem, Dr Tite’s book will provide a 
ready and authoritative answer 

The work has been carefully pre- 
pared and thus there are few points to 
criticize, though I could not help 
noting that one of my suggestions had 
been inadvertently attributed to another 
worker! The choice of plates 1s, how- 
ever somewhat strange, for many show 
little of interest or serve no useful pur- 
pose For example, Plate 1, of the Over- 
ton Down experimental earthwork, 
receives only passing mention in the 
iptroduction, Plate 7 of excavated pits 
and ditches at South Cadbury shows 
nothing that 1s not better illustrated in 
Fig 18, while no less than two plates 
are devoted to the weathering laminae 
in ancient glass, which, as Dr Tite him- 
self remarks, are of dubious value in 
dating One has the impression that 
the author was trying to meet his pub- 
lisher’s demand for twenty-five plates, 
but with a Little imagination these 
could have been much more instruc- 
tive 

These criticisms are dwarfed, however, 
by the overall value of the book It 
should certainly have a place on the 
shelves of all archaeological scientists 
(whether they work in science or m 
archaeology departments) and it will 
also be very useful to many archaeo- 
logists The book will serve as a 
much-needed undergraduate text for 
students with sÓme scientific ground- 
ing, but the arts based man will find 
the scientific jargon and formulae 
rather formidable 

D P S PEACOCK 


Invertebrate Vision 


Information Processing in the Visual 
Systems of Arthropods Edited by R 
Wehner Pp xi+334 (Springer 
Berlin and New York, 1973) 36DM, 
$10 50 


Tuis book contains the papers given at 
a conference held 1n March 1972 on the 
arthropod visual system The partici- 
pants were mostly from Germany and 
Switzerland, and a few were from 
Britain The contributions are, how- 
ever, all 1n English which, it seems 
churlish to say, ıs not always easy to 
understand The papers covered a wide 
range of topics, including the anatomy 
of the optic lobe, the optics of the com- 
pound eye, pigment biochemistry, colour 
vision, pattern recognition, and orienta- 
tion behaviour 

The stated intention of the book 1s to 
provide a summary of recent work on 
the arthropod visual system for people 
in a variety of fields, and particularly 
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for those 1n vertebrate neurophysiology 
Unfortunately, this aim was not 
achieved Most of the chapters are 
short (average length seven pages) 
reports of current research on insect 
vision Because of their brevity they 
make few concessions to those un- 
acquainted with the history or signi- 
ficance of the problems There are, 
however, some notable exceptions For 
example, the paper by K Kurschfeld ıs 
an up-to-date account of his elegant 
experiments on the fly “neural superposi- 
tion eye", and M. F Land has provided a 
lucid review of his work on the orienta- 
tion and pattern recognition behaviour 
of jumping spiders, Although the book 
fails in its broader purpose, ıt ıs for the 
specialist a useful and interesting colleo- 
tion of research papers 

One of the hopes of the editor is that 
this book will display the advantages of 
the arthropod visual system for relating 
visual physiology and behaviour But 
the impression gained from this collec- 
tion 1s that, with the possible exception 
of the optomotor system, there 1s still a 
very wide gap between physiology and 
behaviour Our knowledge of the 
physiological organization of the optic 
lobe ıs restricted to the periphery, be- 
yond the photoreceptors and second- 
order cells it 1s very sketchy Apart 
from the papers by R Hengstenberg, 
W Kaiser, and F Zettler and M 
Jaervilehto all the neurophysiological 
contributions ın this book deal with 
receptors or electroretinograms On the 
other hand, the ingenious and elegant 
behavioural mechanisms adopted by 
arthropods are amenable to sophisticated 
behavioural analysis, as shown beauti- 
fully by the papers of M L Mittelstaedt- 
Burger and P  Goerner on course- 
correction and of R Wehner's group on 
the various cues ants use to guide their 
way home But we are still very far 
from understanding the physiology of 
behavioural mechanisms of this 
complexity THOMAS COLLETT 


Beyond Reason 


Science and Christianity A Partnership 
By Robert E D Clark. Pp 192 
(Pacific Press Mountain View, Cal- 
fornia, 1973) 


ABOVE the blackboards in the main 
physics lecture theatre of a Scottish 
university where I once worked there 
used to be written in large letters 
“Truth will in the end always flow in 
the direction of the greatest speculative 
reflection” I never fully understood 
the significance of this text; but it 
could equally well do as a short sum- 
mary of this book by R E D Clark 
Dr Clark is a professional organic 
chemist, and he ~has written ‘this book 
to show not so much that there 1s no 
conflict between science and Christi- 


v 


anity, but rather that the parallels be- 
tween them are so close that they may 
be called a partnership Precisely this 
word is the sub-title of the book 

Dr Clark sets out to show how similar 
are the processes at work ın a scientist 
and a Christian The greatest of these 
1s creativity, for he sees the innovation 
of the scientist, and of the religious per- 
son, as a kínd of quantum jump—a 
creative act that transcends reason 
"Logic", he writes, "is the enemy of 
discovery” To discover, we must be 
prepared to abandon the past, to believe 
at least temporarily in things which seem 
absurd, to accept “reason’s humble 
role", and, having once started on the 
high road to discovery, not to stop till 
more and more has been accomplished 
—certainly not spend time arguing 
about it with your friends, for then the 
new light will flicker and fade away 

It 1s not surprising that such a view 
involves the author in a strong anti- 
authoritarian attitude. for the pundits 
never accept new truth (here there 1s an 
echo of Max Planck, who argued that 
new scientific ideas were not accepted 
until the older generation had actually 
died) Our author evidently dislikes 
the establishment, whether 1n Church or 
Science, as much as any of those younger 
folk who are only half his age. Time 
after time he draws attention to errors 
accepted by scientific leaders, and he 
buttresses his argument with a superb 
collection of quotations and illustrations, 
many of which were completely new 
to me 

But ıs it all as simple as this? Surely 
the author overstates his case when 
disparaging the reaction of the scientific 
establishment to new ideas For 
example, although a full acceptance of 
relativity did take about 30 years, 
Schrodinger’s wave equation of 1926 
was universally established and taught 
by 1936, and the Watson-Crick model 
of DNA took nolonger The establish- 
ment may be slower than some would 
wish , but the pace of modern scientific 
discovery, and the number of good 
Scientists all over the world, soon leads 
to the clearing-up of residual doubt 

Nor ıs ıt quite true to argue that you 
have to forget the past if you would 
discover the future ıt ıs the “prepared 
mind" which is most often visited by 
chance 

Accepting this we come to the sub- 
title of the book If science and 
Christianity are partners, then what are 
they partners for? And do they ever 
disagree as they go about their joint 
responsibilities? — The answer to the 
second question is, surely, yes There 
do remain disagreements which no doubt 
the passage of time will help us to 
remove, But he would be foolish who 
pretended that they did not exist, As 
for the first question, this 1s left un- 
answered If the answer is that both 
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are seeking truth, we compel ourselves 
to enquire just what are scientific truth 
and religious truth The methodologies 
of the two movemerits may be closely 
parallel, as Dr Clark shows, but there 
is more both in science and in 
Christianity than methodology The 
author has written an interesting book, 
but there is still need for a sequel, to 
lead the reader from methodology to 
content. C A COULSON 


Inconstant Stars 


Variable Stars By W  Strohmeier 
Edited by A. J Meadows Pp vin+279 
(Pergamon Oxford and New York, 
December 1972) £650 


VARIABLE star research js one of the 
most active fields of astronomy. Obser- 
vations and theories of stellar pulsation 
are fundamental to our knowledge of 
stellar structure Much work on little 
understood phases of stellar evolution 
centres on variable star studies and these 
objects retain their importance for 
studies 1n galactic structure The whole 
field has been given enormous impetus 
by the application of new techniques 
which have revealed many unexpected 
phenomena Infrared and other work 
has shown the importance of dust shells 
around some variables Some red 
variables show emission at microwave 
frequencies, X-ray stars are often vari- 
able at either X-ray or optical wave- 
lengths Recent years have seen the 
study of objects (for example, eruptive 
binaries and, of course, pulsars) which 
vary on a very short time scale 

It would be very difficult for one 
person to do justice to all aspects of this 
large field at research level A general 
account at a slightly lower level 1s desir- 
able, however Professor Strohmeier 1s 
an active variable star worker and his 
book will no doubt be useful to many 
readers But mainly because of his 
attempt to get everything ın (quasars ın 
two pages), the book tends to become a 
rapid summary of facts and conclusions 
and some theory with little indication of 
how conclusions follow logically from 
facts As a result, the book may prove 
useful not so much as a means of under- 
standing the subject but as a condensed 
source of reference The level of pre- 
sentation 1s somewhat variable, for 
example, there seems little point in 
giving a description, however brief, of 
the principle of the photo cell if the 
UBV system ıs introduced without 
explanation There are some puzzles in 
the book (Tables 3, 4 and 5 are not 
referred to in the text, some axes are 
unlabelled) Table 2 contains some 
misprints, but 1s surely memorable for 
the introduction of a new class of varı- 
able Variables are, appayently, pulsat- 
ing, eruptive, symbiotic, eclipsing or 
twitchety M W FEAST 
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Model of Destruction 


Sig,—I agree with the conclusions put 
forward by Joseph Salerno! in his 
article on Forrester’s world dynamics 
model, in which he showed that this 
model was exceedingly sensitive to the 
input assumptions Forrester did not, 
of course, claim that his model was 
accurate in detail, although he cer- 
tainly gave the impression in his book 
that he believed the fundamental find- 
ing—that any model would lead to a 
destructive situation in a finite time 

I believe that there is a much more 
serious fault 1n his model as applied to 
sophisticated populations He makes 
the specific statement (page 18 of 
World Dynamics) “A rate of flow ıs 
controlled only by one or more of the 
system levels and not by other rates” 
This assumption would be perfectly 
correct 1f applied to the interactions of 
assemblages of molecules, or even of 
ants or rodents It 1s, however, quite 
untenable when applied to the present 
world population 

As an example, I would point out 
that the very considerable fuss, which 
led to the drastic restriction of the use 
of DDT ın the United States and else- 
where, was due hardly at all to the 
effects of the actual level of DDT in 
the environment, but almost entirely to 
concern about extrapolations of its 
future effect These extrapolations 


obviously depended upon the rate of 
increase of use of DDT and not 
merely on its current level, which it 1s 
difficult to show to have been respon- 
sible for any deaths among the general 
public, other than those in handling 
accidents common to, but less than, 
other pesticides which have not been 
banned 

Similarly, the rise in exceedingly 
sensible concern about world popula- 
tion increase, and such actions as 
liberalization of the laws concerning 
contraceptives, and so on, are also 
based on concern about the rates of 
rise, and extrapolations therefrom, 
much more than on the absolute levels 
In’ fact, at long last we are crying be- 
fore we are hurt, or at least before we 
are hurt much, which 1s the sensible 
and effective time to cry 

If one includes in the computer 
analysis terms which depend upon 
rates of increase of the factors in- 
volved, there seems no reason why a 
stable model should not be achieved 
Whether such a stable state can be 
attained in practice depends, of course, 
on whether we act on our concerns 
rather than whether we express them 
I am not prophesying that we shall 
achieve a viable stable state and I 
think that Forrester’s book can be re- 
garded as a very valuable warning that 
we must act on his extrapolations if 


we are to have any hope of avoiding 
them 

Yours faithfully, 

J H FREMLIN 

Department of Physics, 
Chancellors Court, 
The University of Bumingham, 
PO Box 363, 
Bumingham B15 2TT 
1 Salerno, J , Nature, 244, 488 (1973) 


Errata 


IN the article “Colour Opponent 
Neurones in the Human Visual System" 
by Josef P J Rauschecker, Fergus W 
Campbell and Janette Atkinson (Nature, 
245, 43, 1973), line 1, paragraph 7, should 
read “Monocular rivalry thus depends 
not only on the relative ” not **Binocu- 
lar rivalry e 


IN the article “First Record of the 
Palaeocene Primate Chiromyoides from 
North America" by Philip Gingerich 
(Nature, 244, 517, 1973) two lines were 
omitted from the last sentence of para- 
graph 9 which should read “The living 
Tarsius has primitive lower molars of the 
Pelycodus-Teilhardina-Tetonoides pattern, 
but the postprotocingulum is not re- 
tained on the upper molars The remain- 
ing living primates have molars derived 
from the Pelycodus-Tetlhardina-Tetonoides 
pattern, the most primitive modification 
being the development of a hypocone 
from the primitive postprotocingulum ” 
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Internationally renowned authorities provide critical and up-to- 
date reviews with full bibliographies and offer an essential basis 
for future studies This major work promises to be a crucial 
reference manual for all geoscientists concerned with the behavior 
of the earth's crust and upper mantle 
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Volume 5. The Arctic Ocean 

Volume 6: The Indian Ocean 

Volume 7: The Pacific Ocean 


This series is eligible for a SPECIAL CHARTER SUBSCRIBER'S 
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DRUG RESEARCH 


We are seeking an enthusiastic young scientist to work in a team carrying out 
a study of the process of wound healing and using the knowledge so gained 
in the development of new pharmaceutical preparations 


We feel that this post would best be filled by someone with a background of 


BIOCHEMISTRY/HISTOCHEMISTRY 


While experience in this field of research would be desirable the main attributes 
sought in candidates for this position are enthusiasm and competence 
Publication of results is encouraged 


We are a major international pharmaceutical company, part of the AKZO 
organisation and our laboratories are situated on the main M8 Edinburgh- 
Glasgow road We offer a salary based on qualifications and experience, 
commensurate with the responsibility of the position Conditions of employ- 
ment are in keeping with the best modern practice Assistance with 
relocation expenses will be given 


Previous applications to a similar advertisement of recent date are under 
re-consideration 


Write with details of age, qualifications and career to date to — 
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Advertising Practice 

The Publishers will not be liable for any loss 
occasioned by the failure of any advertisement to 
appear from any cause whatever, nor do they 
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every care is taken to avoid mistakes 
Semi-displayed £7 50 per single column inch 
Minimum £4 50, each additional 1/10ch of an inch 
75p Full page £202 00 Half page across £106 00 
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APPOINTMENTS VACANT 


MARINE BIOLOGICAL 
ASSOCIATION OF THE 
UNITED KINGDOM 


SCIENTIFIC 
PROGRAMMING 


Personnel Manager, 

° Organon Laboratories Ltd, 
Newhouse, by Motherwell, 
Lanarkshire ML1 5SH 


Organon 


1864) 


Applications are invited for a PRO- 
GRAMMER at the Plymouth Laboratory, to 
devise, prepare and run Fortran programs, 
and to advise research scientists on computing 
methods and the use of commercial packages 
Some knowledge of biometrics would be an 
advantage 


Minimum qualifications a degree, HNC 
or HND in a scienufic or mathematical 
subject 


The appointment is in the Scientific Officer 
grade Salary £1,318 to £2,177 per annum 


Applications ın own handwriting stating age, 
ful qualifications, experience, naming two 
referees and quoting Gup /Comp should be 
sent to the Administrative Officer, Citadel Hill, 
Plymouth PL! 2PB before October 10 1973 


(920) 





Toxicology 


An opportunity has arisen for an experienced research worker in the 
Toxicology Department of Glaxo Research Limited The Department has 
recently moved to new premises near Harefield, Middlesex, and it is 
concerned mainly with the toxicelogical clearance of new medicinal 
products 


The appointment is suitable for a graduate aged from twenty-four to 
thirty, who has some years of experience in toxicology (not necessarily of 
medicines), and who is now ready to take some responsibility for the 
training and the work of others 


Drug Metabolism 


There are two further opportunities in the expanding Drug Metabolism 
Department now located in new laboratories at the Company's Headquarters 
at Greenford, Middlesex We need able scientists to study the absorption, 
distribution, metabolism and excretion of compounds of medicinal interest 
following their administration to animals on a short or long-term basis 

They will also be expected to develop the methodology necessary for these 
pursuits The positions should appeal to graduates of several years 
experience with a sound knowledge of chemiscry, pharmacology or * 
biochemistry 


Attractive salaries will be paid to secure the right people for these 
Important posts Other employment benefits include bonus and pension 
schemes and assistance with removal expenses where áppropriate 





HAUSER RESEARCH AWARD 


Applications are nvited from graduates in Biologi- 
cal Science for a RESEARCH ASSISTANTSHIP to 
be sponsored by White Queen Ltd, tenable for one 
year at the Agricultural Research Council's Unit. of 
Developmental Botany, 181A Huntingdon Road, 
Cambridge CB3 0DY The work will be concerned 
with the physiology and biochemistry of growth and 
development of the mushroom crop 






















Applicants should have a traming in laboratory tech- 
niques and a special interest im plant physiology, 
microbiology or biochemistry Salary up to £1400 
per annnm, depending on qualifications and experi- 
ence The post ijs not pensionable 


Applicauons should reach the Unit's Secretary. not 
later than October 19, 1973 


Applicants from the Agricultural Research Service 
should submit their applicauons through their pre- 
sent Directors if they wish to be considered for the 
award of '' public interest " transfer terms — (774) 


UNIVERSITY OF BRISTOL 
CHAIR IN BOTANY 


The University proposes as soon as possible 
to make an appointment to the Melville Wills 
Chair of Botany, which will become vacant on 
August 1, 1974, on the retirement of Professor 
E W Yemm . 








Suitably qualified candidates gre invited to 
submit applications by October 31, 1973 
Further parti@ulars of the appointment may be 
obtained from the Secretary of the University, 
Senate House, Bristol BS8 2TH (X637) 


Please write giving brief details of qualifications and experience, and 
quoting ref U 610, to the Senior Personnel Officer (Research), Glaxo 
Laboratories, Greenford, Middlesex, UB6 OHE 

(914) 
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UNIVERSITY OF EDINBURGH 
DEPARTMENT OF GENETICS 


Applications are invited for a POST- 
DOCTORAL FELLOW ın this Department 
Applicants should have experience in biochem- 
cal genetics to assist in a research programme 
concerned with the kinetics of mutation induc- 
tion m continuous cultures of micro-organisms 
This sa MRC supported post and is tenable 
for a neriod of 3 years 


Salary scale £1,929 to £2388 per annum 


Applications, by letter together with curri- 
culum vitae and the names of two referees 
should be sent to the Secretary to the Uni- 
versity, Old College, South Bridge, Edinburgh 
EH8 9YL The closing date for applications 
1s October 8, 1973 Please quote reference 
5074 (860) 


THE UNIVERSITY OF LEEDS 


DEPARTMENT OF BIOCHEMISTRY 


Applications are invited for a post of LECTURER 
Salary scale £1,929 to £4 548 ihe Lecturer should 
be interested in the structure of proteins and have 
experience of primary structure determination 


Forms of application and further particulars from 
the Registrar, The University Leeds LS2 9JT 
(Please quote 44/11/D) Clos date October 19, 
1973 (839) 





UNIVERSITY OF SHEFFIELD 


TECHNICIAN 
(Grade 3) 


required for Department of Microbiology Exper- 
ence required in biochemical and microbiological 
techniques Work will be espe@ially concerned with 
biochemical events in the multiplication and assembly 
of bacterial viruses Qualifications HNC or 
equivalent, ın Medical Laboratory Science, Applied 
Biology, or a relevant subject Salary scale £1,539 
by £51 (5) to £1,794 per annum 


Write to the Deputy Director of Services (Ref 
B 342/0), The University, Sheffield S10 2TN 


(841) 





ROYAL MARSDEN HOSPITAL 
FULHAM ROAD, LONDON, S W3 


MEDICAL LABORATORY 
TECHNICIAN 


required in a Cytogenetics Laboratory to work with 
a group studying chromosomes in malignant diseases, 
particularly Leukaemia and Lymphomas Previous 
experience in thematology or cytogenetics an advan- 
tage but not essential Applicants should have 
obtained or be studying for the FIMLT or hold 
an HNC and be registered with the Council for 
Professions Supplementary to Medicine Salary scale 
£1,566 to £2418 per annum Candidates without 
HNC would be appointed to the Junior Technician 
scale £834 to £1,521 per annum Applications, 
together with names and addresses of two referees 
to Dr S D Lawler 





UNIVERSITY OF NEW SOUTH WALES 
SCHOOL OF APPLIED GEOLOGY 


LECTURER 


Salary $A8,698 range $A11,982 per annum Com- 
mencing salary according to qualifications and experi- 
ence 

High academic qualifications required Appointee 
will lecture and carry out research in one of the 
fields of petrology, mineralogy, mining geology, or 
materials geology 

Details of appointment, including superannuauon, 
study leave and housing scheme, may be obtained 
from the Secretary-General Association of Common- 
wealth Universiues (Apnts), 36 Gordon Square, 
London WCIH OPF Applications close in Australia 
and London on November 2, 1973 (928) 








CSIRO 
AUSTRALIA 


The Commonwealth Scientific and Industrial Research Organization has a broad 
charter for research into primary and secondary industry areas The Organization 
has approximately 6,500 employees—2, 100 of whom are research and professional 
scientists—located in Divisions and Sections throughout Australia 


COMMONWEALTH METEOROLOGY 
RESEARCH CENTRE 


RESEARCH SCIENTIST 


DYNAMICAL METEOROLOGY 
(ATMOSPHERIC POLLUTION/CHEMISTRY 


FIELD: 


GENERAL: The Commonwealth Meteorology Research Centre is a joint 
venture by the CSIRO Division of Atmospheric Physics and the Commonwealth 
Bureau of Meteorology carrying out research in dynamical meteorology 


DUTIES: To undertake research in the General Circulation Group on dynamical 
problems associated with atmospheric composition and pollution Several 
numerical general circulation models are available and the appointee will be 
expected to use these to investigate the possible effects of pollutants on the cli- 
mate, and to develop expertise in relevant atmospheric compositional problems 
with a view to incorporating appropriate chemistry into the model 


QUALIFICATIONS: A Ph D degree or equivalent qualifications, and demon- 
strable research ability, preferably in the field of meteorology or fluid dynamics 
Some experience in atmospheric chemistry would be an advantage Applicants 
in related disciplines of physics or mathematics should not be deterred from 
applying, but would be offered an initial three year fixed term research fellowship 


SALARY: The appointment will be made within the salary ranges of Research 
Scientist or Senior Research Scientist $A8,489-$A12,932 pa 


TENURE Appointment may be for an indefinite period with Australian Govern- 
ment Superannuation benefits, or for a fixed term with entitlement to return 
fares for the appointee and his family to his country of domicile 


Applications stating full personal and professional details, the names of at least 
two professional referees, and quoting Reference Number 424/14, should be 
forwarded to 


The Personnel Officer, 
Australian Scientific Liaison Office, 
64-78 Kingsway, LONDON, WC2B 6BD 


by the 26th October, 1973 


Applications in US A and Canada should be sent to 


The Counsellor (Scientific), 
Embassy of Australia, 1601 Massachusetts Avenue, N.W., 
WASHINGTON, D.C. 20036, U.S.A. 
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Biologist 


Applications are invited for the post of Biologist to work on a project to 
investigate factors®* affecting the growth of salmon in saline water 


The project will be based at the installation of The Salmon Research Trust 
of Ireland at Newport, Co Mayo, where a new laboratory is about to be 
constructed It ıs expfcted that some travel abroad may be necessary 


The successful applicant will have at least,an upper-second class degree in 
Zoology or equivalent qualification 


Salary will be according to qualifications and experregce, but will probably 
he within the range £2,000-2,500 


e. 
Applications, enclosing curriculum vitae and. names of two referees, should be 
sent to Dr. D. J. Piggms, Farran Laboratory, Newport, Co. Mayo, not later 
than October 31, 1973 


(891) 
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SURREY EDUCATION COMMITTEE 
EWELL COUNTY TECHNICAL COLLEGE 
Reigate Road, Ewell 
DEPARTMENT OF 
BIOLOGICAL SCIENCES 


LECTURER I or II in 
TOXICOLOGY OR PHYSIOLOGY 


Required as soon as possible to teach toxi- 
cology and/or pathology, physiology, or 
pharmacology in HNC /HND Applied Bio- 
logy and MIBiol courses (Honours Degree 
equivalent) 


Nicholas Research Institute 


Toxicology 


Vacancies exist in the Biology Department of the 
Nicholas Research Institute for a graduate and 
technicians to assist 1n the assessment of the safety of 
potential new drugs 


The graduate will have qualified recently in the Life 
Sciences and previous experience 1s not essential 
Applicants for the posts as technicians should possess 
AIMLT, HNC, HND, ONC, or ‘A’ levels in 
Biology or equivalent experience 


The Institute, which 1s part of Nicholas International 
Ltd, encourages further education and provides 
excellent conditions of employment A non-contributory 
pension and life assurance scheme 1s 1n operation LABORATORY ANIMALS CENTRE 


Applications in writing, givin details of qualifications, CARSHALTON, SURREY 
should be addressed 1n the first instance to Applications are invited from 

A J Strathdee, Personnel Officer, Nicholas Research 

Institute, 225 Bath Road, Slough, SLI 4AU BIOLOGY OR ZOOLOGY 


GRADUATES 
(S) Aspro-Nicholas 


Applicants who have had experience in some 
areas of toxicology, preferably im industrv, and 
hold an appropriate first or higher degree in 
a biological subject, will be given preference 


Salary 
Lecturer 1 £1,600 to £2,685 per annum 
(€2,847 for good Honours graduate) 
Lecturer JI, £2,515 to £3,243 per annum 
£118 per annum London Allowance payable 


Gencrous relocation expenses and assistance 
wth house purchase in approved cases 


Stamped, addressed foolscap envelope, please, 
fcr further particulars and apphcation form 
from the Vice-Principal Applications to be 
returned within 10 days (921) 





MEDICAL RESEARCH COUNCIL 


(mmimum age 28) with at least five years’ post- 
Braduate experience for two posts of Technical 
Officer 


Tre first post is in the Centre’s Accreditation 
Department Duties will include the visiting of com- 
mercial breeders of laboratory animals throughout 
the United. Kingdom who are accredited or recog- 
nized by the Centre The successful applicant must 
be prepared to travel and spend up to six nights per 
month away from home 





The duties of the second post will mainly involve 
assis ing the Director. with his responsibilities which 


THE POLYTECHNIC, HUDDERSFIELD include research off specific pathogen free cats 
? Abilty to abstract and write scientific papers 1s 
DEPARTMENT OF CATERING STUDIES essential 
Previous experience with small animals would be 
LECTURER I/II IN FOOD SCIENCE AND MANAGEMENT an advantage in both posts 
Applications are invited for the post of Lecturer in Food Science and Management to Salary within range £2184 to £3,057 plus London 
teach students taking the BSc ın Catering Studies and the Higher National Diploma in Hotel Weighting and Superannuation 


and Catering Administration Courses 


This post gives an opportunity to work with an enthusiastic team in an expanding ar&à Applications, together with a copy of curriculum 


of cater educat vitae and the names of two professional referees 

ms CAMON should be addressed to The Director, Medical 

Salary Research Council Laboratory Animals Centre Wood- 
Lecturer II £2,515-£3,243 per annum mansterne Road Carshalton, Surrey (905) 


Lecturer J £1,660-£2,847 per annum - 


Further details and application forms obtainable from the Establishment Officer, The 
Polytechnic, Queensgate, Huddersfield HD1 3DH 


Closing date October 12, 1973 (899) 





UNIVERSITY OF NAIROBI 
KENYA 
Applications are invited for the following posts in 
the DEPARTMENT OF GEOGRAPHY 


1 LECTURER IN GEOMORPHOLOGY Appli- 
cants should have a good honours degree in Geography 
with specialization in Geomorphology Priority will 





UN be given to those with a PhD in Geomorphology 

HERIOT-WATT UNIVERSITY IVERSITY OF DUNDEE They are expected to have had at least three years’ 

DEPARTMENT OF BIOLOGICAL teaching and research experience at university level 

DEPARTMENT OF MATHEMATICS * SCIENCES 2 LECTURER IN GEOGRAPHY OF RE- 

SOURCES Applicants should have a good honours 

TEMPORARY LECTURESHIP NERC derre in Geography vi specialization m the 

eography of Resources riority wt e given to 

IN NUMERICAL ANALYSIS RESEARCH ASSISTANTSHIP those with postgraduate iraming in the field, and 

preferably with a Ph D They are expected to have 

Applications are invited for the post of Applications are invited from Botanists or had at least three years’ teaching and research experi- 
Temporary Lecturer in the Department of Microbiologists who have at least a Second ence at university level 

Mathematics There is a possibility of the post Class Honours degree for a Research Assistant- Salary scale K£1,500 to K£2,580 per annum 

becoming permanent Candidates must be ship to work under éhe direction of Dr M J (K£1—£1 18 sterling) The British Government may 

qualified in Numerical Analysis, although it Daft on the mycorrhizas in plants colomsing supplement salaries in range £450 to £750 per annum 


will be an additional advantage if they also coal ups The starting date will be as soon 
possess research interests in continuum as possible and the appointment will last three annum (sterlin 

g) for single appointees (normally free 
mechanics or differential equations years Salary approximately £1,200 per annum of all tax) and provide children’s education allow- 


Salary is in the range £1,929 to £4 548 per Applications, atioting Ref Est/68/73J and ances and holiday visit passages  FSSU Family 


(sterling) for married appointees or £150 to £450 per 


containing the names and addresses of two passages, various allowances 
referees, should @e sent as soon as pos- Detailed applications (2 copies), including a curri- 
Further particulars and applicauon form sible to culum vitae and naming 3 referees, should be sent 
may be obtained from The Secretary, Heriot- The Secretary, by airman], not later than October 22 1973, to the 
Watt University, Chambers Street, Edinburgh The University, Registrar University of Nairobi, PO Box 30197, 
EH! 1HX è ` Dundee DD1 4HN, Nairobi: Kenya Applicants resident in U K should 
Closing date for acceptance of applications fri " also send 1 copy to Inter-University Council, 90/91 
October 22, 1973 E s ps 859 om whom further particulars may be ob Tottenham Court Road, London WIP ODT Further 

tober 22, (859) tained (932) 

particulars may be obtained from eitber address 
(857) 


annum according to age and experience * 
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Dow 1s a world wide chemical 
company with sales around £800 
milhon and an outstanding record of 
growth The European Division 
directs an extensive manufacturing 
and sales organisation throughout 
the Continent and UK from its 
headquarters 1n Zurich The UK 
company has production facilities in 
King’s Lynn and Barry, with sales 
offices in London and Wilmslow 

At King’s Lynn the company 
manufactures plastics and 
agricultural chemicals The town 
itself 1s an active port situated close 
to the Norfolk Broads and holiday 
beaches A growing industrial 
centre, 1t offers economic housing, 
good schools, shopping and 
recreational facilities 







*Trademark of the 
Dow Chemical Company 
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RECTIFICATION 


Plant Pathologists/ 
Entomologists 





Jor Product Screening 


around £3500 


to jom our recently formed 
and rapidly expanding Agrı- 
cultural Research Centre in 
King’s Lynn 

At the centre, Dow’s first 
major research establishment 
outside the USA, we are 
looking for screening special- 
ists to play a key role m its 
future growth 


Their initial task will be to 
develop a systematic 
approach to screening for 
biologically active com- 
pounds They will be given a 
great deal of freedom in 
building their facilities from 
Scratch, mcorporating, wher- 
ever necessary, mmnovations 
and new aspects * 


Candidates, male o: female, 

should have the following 

qualifications 

C University degree, prefer- 
ably Ph D , m Plant Path- 
ology and/or Entomology 

O Extensive experience in 
screening of biologically 
active compounds, particu- 





larly fungicides and insec- 
ticides 

C] Some knowledge of the 
crop fungicide and in- 
secticide markets and their 
requirements 

L] A good basic knowledge of 
organic and biochemistry 
and of structure-activity 
relationships 

[] Experience m organising 
biological screens and ex- 
perience 1n developing and 
maintaining laboratory 
cultures and colonies 

Starting salary will be 

negotiable around £3500 

depending on experience and 

qualifications 


Benefits include contributory 
pension scheme, BUPA mem- 
bership and comprehensive 
removal allowances 


Please write for an applica- 
tion form, quoting reference 
U 187, to D Prichard, 
Personnel Manage, Dow 
Chemical Company Limited, 
King’s Lynn, Norfolk (924) 








VRIJE UNIVERSITEIT AMSTERDAM 


Department of Biochemistry 


Applicants are invited for appointment as 


postdoctoral research 
assistant 


in the above Department to participate in research 
programmes in the fields of nucleic acids biosynthesis and 
cell differentiation 


The appointment, to commence as soon as possible, will be 
on the scale Dfl 2 490,- to Dfl 4 074,- per month, 
depending on age and experience Applicants should have 
a Ph D and research applicable to the area of investigation 
Since the University emanates from an evangelical 
association, applicants are requested to add some 
information on personal orierftation in this aspect 


Applications, with curriculum vitae and two letters of . 
reference, should be sent to Hoofdafdeling Personeelszaken, 
PO Box 7161, Amsterdam, before October 31st, 1973 
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CSIRO 
AUSTRALIA 


The Commonwealth Scientific and Industrial Research Organization has a broad 
charter for research into primary and secondary industry areas The Organization 
has approximately 6,500 employees—2,100 of whom are research and professional 
scientists—located in Divisions and Sections throughout Australia 


COTTON RESEARCH UNIT 
NARRABRI, N.S.W. 


APPOINTMENT OF 


PLANT BREEDER 
ENTOMOLOGIST 
AND AGRONOMIST 


The Unit is a recently formed section of the Organization's Division of Plant 
Industry whose headquarters are in Canberra, ACT, and with which close 
scientific contacts will be maintained In Canberra, the Division has some 120 
scientists, conducting pure and applied research in genetics, plant breeding, 
biochemistry, physiology, microbiology, plant nutrition, ecology, agronomy, 
soil fertility and plant introduction As well as being equipped with plant 
growth and laboratory facilities, the Division has access to the CSIRO Control 
Data Cyber 76 computer 


The staff at Narrabri will include two plant breeders, two agronomists and two 
entomologists at the professional level as well as supporting staff It will operate 
from a new laboratory at the N S W State Department of Agriculture Research 
Station where good facilities exist for all aspects of cotton research 


Narrabri is an attractive town with a population of 7,500, situated on the Namoi 
River in the north west of NS W in Australia’s major cotton growing district 
It has good amenities including a high school, hospital, and air, road and rail 
services A house will be available at a reasonable rental for a married man 


PLANT BREEDER Ref No 628/3 


The overall aim of the Cotton Research Unit 1s to develop stable cotton produc- 
tion systems suitable for the Australian environment The duties of the cotton 
breeder will be to take part in a breeding programme aimed at developing 
varieties for use in intensive, irrigated systems with their attendant require- 
ments for insect and disease control, high yield and quality, and possible alternate 
cropping systems 


ENTOMOLOGIST Ref No 628/2¢ 


The duties of the entomologist will be to develop an effective pest management 
system for the control of Heliothis and other pests with minimum dependence on 
insecticides, in collaboration with agronomists and plant breeders of both the 
CSIRO Unit and the N S W Department of Agriculture 


ACRONOMIST Ref No 628/4 


The duties of the agronomist will be to explore, in collaboration with entomolo- 
gists and plant breeders, aspects of crop nutrition, Irrigation and spacing which 
bear on yield, quality and stability of cotton production 


QUALIFICATIDNS: A PhD degree or equivalent qualifications, and demon- 
strable research ability 


SALARY: Depending on qualifications and experience, the appointments will be 
made within the range $A8,489-$A15,454 pa 


TENURE. These positions are available for an indefinite period and Australian 
Government Superannuation benefits are available 


APPLICATIONS Applications stating full personal and professional details, 
the names of at least two professional referees, and quoting the appropriate 
Reference Number, should reach . 

The Personnel Officer, 

Australian Scientific Liaison Office, 

64-78 Kingsway, LONDON, WC2B 6BD *. 


by the 26th October, 1973 š 


Applications in U S A and Canada should be sent to 


The Counsellor (Scientific), 
Embas$y of Australia, 1601 Massachusetts Avenue, NW., 
WASHINGTON, D €. 20036, U.S.A. 

(938) 
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ST GEORGE’S HOSPITAL MEDICAL 
SCHOOL 
(UNIVERSITY OF LONDON) 
RESEARCH ASSISTANTS 
DEPARTMENT OF PHYSIOLOGY 
Applications are invited from medical or 
biological graduates for two research posts to 
work on an MR C programme to study lung 
disease in experimental animals, with emphasis 
on peripheral and central nervous mechanisms 
(D A Physiologist with experience either in 
respiratory or neurophysiology or both (2) A 
Histologist with experience in light and, prefer- 

ably fluorescent and electron microscopy 

The posts are available for up to five years, 
and the salaries are in the University Lecturer 
scale Applicants should be post-doctoral or 
have done at least two years research 

Further particulars can be obtained from 
Professor J G  Widdicombe, Department of 
Physiology, St George's Hospital Medical 
School, Tooting, London SW17 0QT — (840) 








THE UNIVERSITY 
OF LANCASTER 


Applications are invited for a CHAIR OF PHYSICS 
vacant on the appointment of Professor E R Dobbs 
to a Char in London University There are Chairs 
in the department in Nuclear and Theoretical Physics, 
and it would therefore be appropriate for applicants 
to have their main interests in Solid State Physics 
The interests of the department currently include 
Physical Electronics, Low Temperature Physics and 
Materials Science, but an appointment is not limited 
to these areas 


Further particulars may be obtained (quoting refer- 
ence L 757/D) from the Establishment Officer, Uni- 
versity House, Bailrigg, Lancaster LAI 4YW, to 
whom applications (nine copies) naming three 
referees, should be sent not later than November 17, 
1973 (879) 





AGRICULTURAL RESEARCH COUNCIL 
LETCOMBE LABORATORY 


An AGRONOMIST is required in the Field Studies 
Department This ıs a new post within the Higher 
Scienu‘ic Officer grade created to enable a senes of 
experiments to be carried out to investigate how soil 
conditions for crop growth are affected when direct 
drilling has been practised for an extended period 
Duties will include taing day to day charge of all 
field work 


Applicants should have a degree (preferably 
honours) in agriculture or an agricultural science 
It 1s expected that the selected candidate will have 
at least five years’ postgraduate experience 


Salary within the scale of £2076 to £2,667 per 
annum The post is superannuated with an allow- 
ance to offset contributions 


Application forms and further particulars may be 
obtained from the Secretary, Laboratory, Wantage, 
Berkshire The closing date for application 1s 
October 12 1973 


App'cants from the Agricultural Research Service 
should submit their applications through their present 
Directors if they wish to be considered for the award 
of "public interest" transfer terms (853) 





UNIVERSITY OF SURREY 


EXPERIMENTAL OFFICER 
£2,388-£3,212 
(from October 1, 1973) 


Applications are invited for the position of Experi- 
mental Officer in the Chromatograph Section of the 
Denar ment of Chemistry 

The appointee will be responsible for the efficient 
running of the section, including operation, main- 
tenance and development of equipment ‘Advising 
and asststing undergraduate, postgraduate and other 
staff in the use of equipment will also be involved 

The appointee will be required to carry out research 
into the development of High Performance Liquid 
Chromatograph techniques, including separation 
systems for nitrated polycyclic hydrocarbons and 
detection and determination of penicllic acid by 
HPLC. The separation of deuterated and non- 
deuterated compounds by gas chromatograph, plus 
other problems resulting from the present and future 
research programmes 

Applicants should have a wide pracucal experience 
on chromatography, at least two years’ experience in 
a research and/or development environment, and 
possess HN C or equivalent qualifications 

Application forms may be obtained from the 
Assistant Secretary (Personnel), University of Surrey, 
Guildford, Surrey GU2 5XH and to whom they 
should be returned by October 15 (896) 
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The Huntingdon Research Centre 1s the recog- 
nised international leader 1n contract research 1n the 
life sciences. As a result of our rapid and continuing 
expansion, we now need an additional Analytical 
Chenust in our Department of Chemistry. Candidates 
should possess a relevant qualification (B Sc , GRIC 
or HNC) and preferably already have analytical 
chemistry experience. The Department performs a 
broad service to industry, particularly in the agro- 
chemical and pharmaceutical areas The successful 
candidate will be involved in the development of 
surtable methods for pesticide residue analysis, trace 
metal analysis, purity evaluation of drugs and allied 
areas of work 


Previous man management ex- 
perience would be an asset as the 
position includes responsibility for 
the supervision of junior staff 





VRIJE UNIVERSITEIT, AMSTERDAM 


Department of Mineralogy, Petrology and Economic Geology 


Analytical Chemist 


Department of Chemistry 





Huntingdon Research Centre 


Applications are invited for the vacant position of 


lecturer or senior 
in economic geology 


Applicagts are expected to hold a Ph D degree, to have a broad 
knowledge of problems concerning the genesis of ore deposits and 
mineral paragenesis, and to have at least five years of practical 
experience in mineral exploration and the geology of mineral deposits 


The appointee will be expected to take an active part in the 
department's teaching and administrative duties - with emphasis on 
supervision of post-graduate field work - and its research projects 
(eg ore petrology and ore microscopy) 


Candidates are expected to be in agreement with the Christian 
principles of the Free University 


Applications including a curriculum vitae and the names of two 
referees should be sent to Hoofdafdeling Personeelszaken, 
De Boelelaan 1105, postbus 7161, Amsterdam 





This vacancy provides an 1deal opportunity for a 
suitably qualified chemist to build a career ın well 
equipped laboratories which use a variety of sophis- 
ticated techniques. including gas liquid chro- 
matography, high pressure liquid chromatography 
and UV fluorescence spectrophotometry 


The Centre 1s located near Huntingdon in an 
attractive part of the country with good access to 
London by road and rail We offer excellent working 
conditions together with progressive general benefits, 
a competitive salary and the usual pension and other 
fringe benefits 


Please write or telephone for an application form 
to John Halliday, Personnel Officer, Huntingdon 
Research Centre, Huntingdon, 
PE18 6ES, Tel Woolley (STD 
048 086) 431, quoting reference 
No. 263. 
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experimental 
officer/residue 


analyst 


Jealott’s Hill Research Station, 
which ıs situated between 
Maidenhead and Bracknell, is 
the main centre of !Cl’s agricultural 
research activities and is primarily 
concerned with the discovery and 


evaluation of new chemicals and 
their application in world agricul- 
ture 


A vacancy exists for an Analyst 
in the Metabolism and Residues 
Section of the Environmental 
Sciences Group The successful 
candidate will join a team working 
on the development and applica- 
tion of analytical procedures for 
the determination of pesticide 
residues In a variety of samples 
Emphasis ts placed upon the use 
of instrumental techniques includ- 
Ing gas liquid and high pressure 
liquid chromatography — radio- 
labelled materials are also used 


This post will suit some one who 
has studied Chemistry to B Sc 
or HNC level and who is ex- 
penenced in the analysis of 
organic compounds by modern 
analytical techniques 


We offer good salaries and 
working conditions There is a 
good self-service canteen and 
Recreation club We operate a 
Profit Sharing Scheme and Com- 
pany Pension Fund Hours 
845 am to 500 pm Monday to 
Friday 

If you are interested in applying 
please write for an application form 
to 

Mr S. R. Stephenson, 
Personnel Officer, 

IC! Plant Protection Limited, 
Jealott’s Hill Research 
Station, 

BRACKNELL, Berks. 


(911) 


PLANT PROTECTION LIMITED 





REGIONAL MEDICAL PHYSICS DEPARTMENT 


Newcastle General Hospital 


Newcastle upon Tyne 


Research Physicist 


Applications are invited for the post of RESEARCH ASSISTANT to work on 


two-dimensional data processing by optical methods, with special reference 
to radiology and other medical imaging systems The aim will be to evolve 
improved methods of processing and to assess their potentialities and 
practical applications in the medical field 


Candidates should have a good honours degree in physics and some special 
knowledge of physical optics, with at least two years' relevant 


postgraduate experience The appointment will be for three years, starting 
salary £1,764 rising by two annual increments to £2,079 perannum The person 


appointed will ba eligible for Honorary Research Associate status in the 
University, and, arising out of this work, also for consideration as a 
candidate for a higher degree at this University 


Further information may be obtained from Dr M J Day‘asthe address 
given below, telephone NewcastJe upon Tyne 38811, Ext 512 


Applications giving age, qualifications and details of career, with the names 

and addresses of two referees, should be sent to Professor F T Farmer, Regional 
Medieal Physics Department, Newcastle General Hospital, Newcastle upon Tyne, 
NEA 6BE, as soon as possible 


(837) 
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UNIVERSITY OF DUNDEE 


Applications are invited for the post of 


TUTORIAL ASSISTANT 
IN THF DEPARTMENT OF PHYSICS 


from October J, 1973, at a salary of £1,347 
per annum 

The successful candidate will have a good 
Honours degree in physics and will be re- 
quired to assist with tutorial and laboratory 
teaching, and to join a research group within 
this department Registration as a part-time 
PhD Student if possible 

Further information 1s available from Pro- 
fessor W E Spar Department of Physics 

Applications, containing the names of two 
referees, should be submitted as soon as pos- 
sible to the Sccretary The University Dundec 
DD! 4HN Phase quote Rif EST/69/73J 


(888) 


AHMADU BELLO UNIVERSITY 
NIGERIA 


Applications are invited for poes of (a) SENIOR 
IRCTURER IN SOIL SCIENCE and (b) SENIOR 
RESEARCH FELLOW IN SOIL CHEMISTRY/ 
FERTILITY in the Faculty of Agriculture — Candi- 
dates for (a) should possess a good honours degree 
in Agriculture or a relevant science, postgraduate 
training in Soil Science and considerable experience 
and competence in university teaching and research 
Familtarity in tropical agricultural conditions will be 
a decided advantage Appointee will play a leading 
role in co-ordinating the teaching activities of the 
Department He will be expected to contribute to 
the teaching programme of the Department both at 
the undergraduate and postgraduate levels In addı- 
tion ke will be expected to undertake research in a 
phase of Soi Science Candidates for (b) should 
possess a good honours degree in Agriculture or 
Chemistry (Inorganic and Physical) and postgraduate 
training in Soil Chemistry Considerable experience 
in soil research work at a university research institute 
or similar organization 1s a condition of appointment 
Tropical experience will be extremely helpful though 
is not essential Appointee will conduct both field 
and laboratory studies of the fertility needs of the 
soil of Northern Nigeria both under peasant-type 
farming and under intensive continuous cultivation 
Salary scale N5,030 to N5,750 per annum (£l 
sterling—N1 60) The British Government may 
supplement salaries by £1050 per annum (sterling) 
for marricd appomiees or £500 per annum (sterling) 
for single appointees (normally free of all tax) and 
provide children’s education allowances and holiday 
visit passages Family passages various allowances, 
superannuation scheme biennial overseas leave 

Detailed applications (2 copies), including curri- 
culum vitae and naming 3 referees, should be for- 
warded by airmail, nêt later than October 26, 1973, 
to the Registrar Ahmadu Bello University, Zaria, 
Nigeria Applicants resident in UK should also 
send 1 copy to Inter-University Council, 90/91 
Tottenham Court Road London WIP ODT Further 
particulars may be obtained from either MS 

7 





NATIONAL INSTITUTE FOR 
RESEARCH IN DAIRYING 
(UNIVERSITY OF READING) 


A SCIENTIFIC OFFICER or HIGHER SCIEN- 
TIFIC OFFICER s required to undertake research 
into the chemistry of dried dairy products The work 
involves studies of reconstitution properties of milk 
powder and of chemical changes occurring during 
production which affect these properties Experience 
in protein chemistry and interest in colloidal chemistry 
is desirable 

Candidates should possess a degree, HNC or 
equivalent qualification Appointment will be in the 
grade of Scientific Officer (£1,318 to £2,177) or Higher 
Scientific Officer (£2076 to £2,667) with a starting 
point dependent on qualifications and experience At 
least five years’ post-qualifying experience 1s required 
for appointment in the higher grade — Superannua- 
tion, with an allowance to offset contributions 

Apply on forms obtainable from the Secretary 
NIRD Shinfield Reading RG2 9AT, quote refer- 
ence 73/39 Closing date October 31, 1973 (882) 


NATIONAL INSTITUTE FOR 


RESEARCH IN DAIRYING 
(UNIVERSITY OF READING) 


Applications are invited for a post of SCIENTIFIC 
OFFICER ın the Bacteriology Department to assist 
in the maintenance of the National Collection of 
Dairy Organisms and in research in the field of 
Bacterial Systematics The work is presently con- 
centrated on the enzymatic and DNA composition of 
bacteria Applicants should preferably have an 
interest ın bacterial physiology and some expertise in 
biochemical techniques 

An appropriate degree HND, HNC, or equiva- 
lent qualification is required Salary £1,318 to £2 177, 
with a starting point dependent on qualifications and 
experience Superannuation, with an allowance to 
offset contributions 

Apply on forms obtamable from the Secretary, 
NIRD  Shinfield, Reading RG2 9AT Quote 
reference 73/36 (883) 
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An Invitation from Roussel: 





PHARMACEUTICAL 
PRODUCT DEVELOPMENT 


is playing an important role in expanding the horizons 
of our UK Company, within the fully international 
Roussel-Uclaf Group 


Roussel Laboratories Ltd 1s engaged m the research, 
development, manufacturing and marketing of a wide 
range of pharmaceutical and allied products 


We operate from three locations in the South of 
England, and ourselves control four overseas sub- 
sidiaries We have an enviable record of rapid growth 
and are currently planning fof a further phase of 
expansion 


pharmaceutical or allied industries, but we shall also 
be pleased to hear from new graduates, or those wish- 
ing to change fields 


We also wish to recruit a BIOCHEMIST to join a 
snell team covering a wide range of activities within 


We would prefer a graduate with some experience in 
Chemical Biochemistry or Biochemical Pharmacology 


We can offer conditions of service which are exceptional, 
In a modern progressive environment Financial 
assistance with relocation will be granted in appropriate 


cases 
Please write giving concise details of qualifications and 


ROUSSEL 


Fundamental to our plans js our research effort on 
product development Consequently we require addi- 
tional development PHARMACISTS or CHEMISTS 
to participate in this challenging work at our modern 
research and manufacturing laboratories near Swindon, 
Wiltshire 


Applications are particularly invited from graduates 
with new product development experience in the 


Mr. D. Lawler, 

Roussel Laboratories Ltd., 
Covingham, Swindon SN3 5BZ 
or telephone Swindon 24411. 


ren 


uy LE 





UNIVERSITY OF NAIROBI 
KENYA 


Apphncauons are invited for SENIOR LECTURE- 
SHIP IN ECONOMICS AND MANAGEMENT OF 
FOOD PROCESSING ın the Faculty of Agriculture 
Applicants should have a PhD or equivalent in 
Economics or Commerce and practical experience in 
a food processing industry — Appointeee will be 
expected to take part, together with specialists in 
the various branches of Food Science and Techno- 
logy, in the organization and teaching of a new 
BSc programme in this field in the Faculty of 
Agriculture In particular, he will be required to 
teach (1) Economics and management of Food Pro- 
cessing Plant, (2) Marketing of processed food pro- 
ducts (3) Industrial book-keeping The supervision 
and guidance of postgraduate students in (1) and (2) 
will also be required, and research experience in 
either or both of these fields will be an advantage 
Salary scale K£2 256 to K£3 036 per annum (K£1— 
£1 18 sterling) The British. Government may supple- 
ment salary by £1,050 per annum (sterling) for 
married appointee of £750 per annum (sterling) for 
single appointee (normally free of all tax) and pro- 
vide children’s education allowances and holiday 
visit passages FSSU_ Family passages, various 
allowances 

Detailed applicauons (2 copies) including a curri- 
culum vitae and naming 3 referees should be sent 
by airmail not later than October 22 1973, to the 
Registrar University of Nairobi PO Box 30197, 
Nairobi, Kenya Applicants resident in U K should 
also send 1 copy to Inter-University Council, 90/91 
Tottenham Court Road London WIP ODT Further 
Particulars may be obtained from either eso 


NATIONAL INSTITUTE FOR 


RESEARCH IN DAIRYING 
(UNIVERSITY OF READING) 


A vacancy exists in the Bacteriology Department 
for a TECHNICIAN to assist in the research pro- 
gramme concerned with the microflora of the alimen- 
tary tract and involving the use of germ-free animals 
Candidates should be familiar with general bacterio- 
logical techniques A knowledge of animal physio- 
logy and biochemistry will be an advantage Qual- 
ficateons Degree in appropriate subjects, HNC or 
equivalent Appointment will be as Scientific Officer 
(£1 206 to £2043) or Higher Scienufic Officer (£1,946 
to £2515) depenftent upon age and experience At 
least 5 years qualifying experience, 1s required for 
HSO Superannuation, with an allowance to offset 
contributions n 

Apply on forms obtainable from the Secretary, 
NIRD, Shinfield, Reading RG2 9AT, quote refer- 
ence 73/40 (881) 


Im Zuge des Ausbaues unseres Biochemica Forschungs- 
zentrums in Tutzing am Starnberger See haben in den 
letzten Jahren Entwicklungsarbeiten auf dem Gebiet 


Enzyme auf Tragern . 


ausserordentlich an Bedeutung gewonnen Fur dieses 
Arbeitsgebiet suchen wir einen weiteren 


Diplom-Chemiker, 


der entweder uber einschlagige Erfahrungen auf 
diesem Sektor oder abe, uber solche auf protein-, 
peptid- oder polymer-chemischem Gebiet verfugt 


Anwendungsorientiertes Denken und [Interesse an 
biochemischen Problemen werden dem erfolgreichen 
Bewerber die Einarbeitung erleichtern 





Herren, die an industriellen. Forschungsvorhaben 
interessiert sind und sich ein zukunftsréiches Aufgaben- 
gebiet, das Eigeninitiative und kreatives Denken 
erfordert, erschliessen mochten, bitten yr um thre 
Bewerbung mit den ublichen Unterladen Sie horen 
umgehend von uns 


E boehringer 


diagnostika 
therapeutika 


Boehringer Mannheim GmbH-—Bereich Personal 
6800 Mannheim 31—Sandhofer Strasse 116 
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UNIVERSITY OF NAIROBI—KENYA 
Visiting Professorships in the Faculty of Agricuiture 


In co operation with the International Development Association, the University of Nairobi 1s 
setting up a number of eix-twelve month appointments as Visiting Professor in the Faculty of Agri- 
culture Applications are now invited for the posts detailed below Salary is negovable with the 
International Development Association 


1 VISITING PROFESSOR IN AGRICULTURAL ENTOMOLOGY— 
DEPARTMENT OF ENTOMOLOGY (ONE YEAR) 


The Department of Entomology wishes to recruit for a period of up to one year a senor and 
experienced insect scientist to assist it jm its teaching programme in Agricultural Entomology and in 
assisting 1t in developing postgraduate courses The preferred fields for such an appointee should 
be in one or more of the following areas insect pathology, insect toxicology, biological control of 
agricultural pests, pest management, stored products entomology, insect ecology The Department 
1S a young one, presently consisting of only 4 established positions and 2 visiting appointments It 
1s expected that the appointee will involve himself with the wide-ranging activities of the Department 


2 VISITING PROFESSOR IN POPULATION GENETICS AND PLANT 
BREEDING—DEPARTMENT OF APPLIED PLANT SCIENCES 
` (ONE YEAR) 


Applicants should have a PhD, a strong knowledge of the theorv of population genetics, and con- 
siderable experience in breeding for quanutative traits, as well as teaching experience at postgraduate 
level Acquaintance with the East African environment ıs an advantage The appointee will take 
a major part in a new MSc programme in Plant Breeding, consisting of 9 months of course-work 
followed by 15 months of individual project work The course 1s scheduled to start in January 1974, 
and the appointment, which 1s for 12 months, should be with effect from 1974 


3 VISITING PROFESSOR IN SOIL AND WATER ENGINEERING— 


DEPARTMENT OF CROP PRODUCTION (SIX MONTHS) 


Applicants, who should at least have an MSc, must also have wide experience of teaching and 
research at University level They should be familidt with tropical conditions and preferably have 
experience in Africa Duties will include teaching undergraduate students and assistance in the 
development of courses in the field of Soil and Water Engineering of the Agricultural Engineering 
Umt which 1s now located in the Department of Crop Production The appointment would be for 
approximately 6 months starting from April 1974 


4 VISITING PROFESSOR IN RURAL DEVELOPMENT— 
DEPARTMENT OF AGRICULTURAL ECONOMICS 
(SIX-TWELVE MONTHS) 


Applicants must have several years of experience in rural economics of developing countries The 
period of appointment will be 6 to 12 months during which the appomtee will be expected to teach 
both undergraduate and postgraduate students and to help the Department in curricula development 
1n all fields of Agricultural Economics with special reference to the field of rural development, in 
which a special report will be expected from the appointee at the end of the appointment The 
appointment should be with effect from March 1974 


5 VISITING PROFESSOR IN SOIL SCIENCE— 
DEPARTMENT OF SOIL SCIENCE 


Applicants should have a Ph D or equivalent and considerable knowledge and experience in a 
major field of social science, as well as teaching experience at postgraduate level Experience of 
tropical soils 1s very highly desirable The appointee would be expected to assist with a taught MSc 
course (one year of courses followed by one year of individual project work) enutled ''Pedology, 
Soil Survey and Assessment," and with other aspects of current undergraduate and postgraduate 
programmes relevant to his speciality Candidates should be specialists in one of the following fields 
so] fertility, soil physics, pedology, soil survey and assessment (including air photo intepretation) 
The appointment 1s for one year commencing on or about January 1, 1975 


Detailed applications (2 copies), ancluding a curriculum vitae and naming 3 referees, should be sent 
by air mail not later than October 22, 1973, to the Registrar, University of Nairobi, PO Box 30197, 
Nairobi, Kenya Applicants resident in UK should also send 1 copy to Inter-University Council, 
90/91 Tottenham Court Road, London WIP ODT Further particulars may be obtained from eher 
address 





THE UNITED SHEFFIELD HOSPITALS 
DEPARTMENT OF BACTERIOLOGY 


A vacancy exists ın the Group Department of Bacteriology situated at the Royal Infirmary, 
Royal Hospital, Jessop Hospital for Women, and Hallamshire Hospital for 


A NON-MEDICAL BACTERIOLOGIST 


(Basic Grade) 


Applicants should possess a 1st or 2nd class Honours degree in Biological Sciences and should 
have spent part, preferably the major part, of their course in Microbiology 


Whitley Council Conditions of Service apply Salary £1,566 to £1,980 per annum Visits 
welcomed, by appointment with Mr J H Hindmarch, Principal Non-Medical Bacteriologist, 
Royal Infirmary, Sheffield S6 3DA (Telephone 0742 20977, ext 324) 

Applications, stating age, qualifications and experience, naming 2 referees, to the Acting Chief 
Admunistrative Officer, United Sheffield Hospitals, 10 Beech Hill Road, Sheffield S10 2RZ, 
by October 13, 1973 Further details supplied on request (846) 


KING’S COLLEGE HOSPITAL UNIVERSITY OF LIVERPOOL 





MEDICAL SCHOOL 
(UNIVERSITY OF LONDON) : 
Denmark Hil, SES 8RX 


RESEARCH TECHNICIAN reqtıred to work on 
radioimmunoassgy and gas chromatography of steroids 
and prostaglandins Post renewable annually Salary 
according to age and experience , Traming will be 
given in these methods if necessary 

Apply to the Secretary of the Medical School (N), 
not later than October 8, 1973 (799) 


DEPARTMENT OF VETERINARY PHYSIOLOGY 


TECHNICIAN requifed to assit with the work 
of this Department Candidates must possess ON C 
or HNC or appropriate equivalen qualification and 
have had previous chemical or biochemical experi- 
ence Initial salary within a range up to £2,028 
{under review) 

Application forms may be obtamed from the 
Registrar, The University, PO Box 147, Liverpool 
L69 3BX Quote ref RV/N/80492 (906) 
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NATURE CONSERVANCY 
SCIENTIFIC OFFICER 
Salary range £1,318-£2,177 


Applications are invited for the following post in 
the Nature Conservancy Assistant Regional Officer 
Denbighshire and Flintshire 

The ARO will probably work from Mold and 
will represent the Conservancy in the Counties of 
Denbighshire and Flintshire soon to become the new 
county of Clwyd His duties will include the con- 
servaton of thirty SSSIs, provision of advice on 
wild-L.fe conservation to planning authorities and 
other official bodies, land-owners and the voluntary 
interests He will organize and conduct ecological 
surveys and liaise with the public including lecturing, 
field visits and the preparation of leaflets 

Candidates should be under 27 years of age with 
a degree or equivalent in an appropriate scientific 
subject A current driving licence js essential 


Starting salary accord ng to qualifications and 
experience 
Application forms and further particulars are 


available from Establishments (s), Nature Conser- 
vancy, 19 Belgrave Square, London SWIX 8PY 
Please quote reference number E2/09/02 





Closing date October 19, 1973 (852) 
e Natural Environment Research Council 
AGRICULTURAL 


RESEARCH COUNCIL 
FOOD RESEARCH INSTITUTE 
CHEMISTRY DIVISION 


A TEMPORARY SCIENTIFIC OFFICER ıs 
required for a one-year appointment to assist in a 
project by the Eggs Authority concerning methods 
of detection of incubated eggs in egg products 
Candidates should possess a degree or degree standard 
membership of a professional institution and will 
have had experience in chemistry with a biological 
background or biochemistry 

Salary between £1,318 and £1,657 depending upon 
qualifications and experience 

Application forms and further details from the 
Secretary, Food Research Institute, Colney Lane, 
Norwich, NOR 70F, quotng reference 73/14 

(854) 


THE SCHOOL OF PHARMACY 
UNIVERSITY OF LONDON 


PHARMACOLOGICAL 
RESEARCH ASSISTANT 


Applications are invited from suitably qualified 
nersons to work as a Research Assistant for a period 
of two years on a project involving the inter-relation- 
ship between monoamines, amino acids and the mode 
of action of psychoactive drugs General experience 
of either neurochemistry, neurophysiology, or neuro- 
pharmacology is essential and applicants should pre- 
ferably have a PhD degree Salary on a scale 
£2,091 to £2,550 per annum Point of entry depend- 
ing on age and qualifications The post 1s supported 
by a grant to Professor D W Straughan from The 
Mental Health Trust and Research Fund 

‘(Applications giving the names of two referees, 
together with details of qualifications and experience 
should be made to The Clerk to the Council (N), 
The School of Pharmacy, 29/39 Brunswick Square, 
London WCIN 1AX, not later than October 12, 
1973 (855) 





UNIVERSITY OF NEWCASTLE 
UPON TYNE 
DEPARTMENT OF CHEMICAL ENGINEERING 


Applications are invited from graduates for appoint- 
ment to a RESEARCH ASSOCIATESHIP in the 
Department of Chemical Engineering The person 
appomted should have a good knowledge of the 
principles of physics and will work with Professor 
J D Thornton on the applications of laser tech- 
niques to the study of droplet surfaces and droplet 
dynamics ın two phase liquid-liquid systems The 
research project 1s sponsored by the Science Research 
Council and the appointment will be for three years 
in the first instance 

The post 1s open to persons of either sex and 
carries FSS U benefits The starting salary will be 
within the scale £1,764 to £1,923 

Applications and requests for further information 
should be addressed to Professor J D Thornton, 
Department of Chemical Engineering, The University, 
Merz Court, Newcastle upon Tyne (897) 





UNIVERSITY OF BIRMINGHAM 
MASON CHAIR OF ZOOLOGY 
AND COMPARATIVE PHYSIOLOGY 


Applications are invited for the Mason Chai and 
Headship of the Department of Zoology and Com- 
parative Physiology, due to become vacant on 
October 1, 1974, on the retrement of Professor 
O E Lowenstein, FRS 

Salary in the professorial range FSSU 

Fur her particulars from The Registrar, University 
of Birmingham, PO Box 363, Birmingham B15 2TT, 
to whom applications (12 copies one from overseas 
applicants) with names of three referees should be 
submited by October 31, 1973 (848) 
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UNIVERSITY COLLEGE LONDON 


DEPARTMENT OF BOTANY AND 
MICROBIOLOGY 


RESEARCH ASSISTANT 


Applications are invited for the post of Research 
Assistant to study the mechanisms of resistance and 
susceptibility of wheat to rust fungi The work 
envisaged 15 at the biochemical level and is sup- 
ported by the Agricultural Research Council 

Applicants should have had at least 3 years' post- 
graduate research experience in botany, biochemistry 
or microbiology, but not necessarily plant pathology, 
although some knowledge of this subject could be 
an advantage They should write to Dr R N 
Strange (N), with whom the successful candidate 
will work enclosing a curriculum vitae. and the 
names of two referees (Department of Botany and 
Microbiology, University College London, Gower 
Street, London WCIE 6BT) 

Salary range £2,091-£2,385 per 
FSSU 

Closing date October 12, 1973 

Commencement of appointment 
sible after October 1, 1973 


UNIVERSITY OF LIVERPOOL 
CHAIR OF PURE MATHEMATICS* 


Applications are invited for the Chair of Pure 
Mathematics which will become vacant on September 
30, 1974, following the retirement of Professor A G 
Walker 

The salary scale will be within the range approved 
for full-ume professorial appointments and in any 
case not less than £5,916 per annum 

Applications (13 copies), together with the names 
of three referees, should be received not later than 
October 19, 1973, by the undersigned, from whom 
further particulars may be obtained (Candidates 
overseas may send one copy only, by airmail) 


annum plus 


as soon as pos- 
(871) 


Quote Ref RV/N/80370 
H H Burchnall, 
Registrar 
The University, 
PO Box 147, ‘ 
Liverpool L69 3BX 
(851) 








CHELSEA COLLEGE 
UNIVERSITY OF LONDON 


LECTURER IN HUMAN BIOLOGY 


Applications are invited for the post of Lecturer 
in Human Biology The person to be appointed 
must be willing to become wholeheartedly involved 
in teaching and further development of a relatively 
new Field of Study leading to the degree of BSc 
Human Biology Candidates with qualifications in 
any biological field will be considered, but preference 
may be given to those with interests in the areas of 
human genetics, variation, ggowth or senescence 
The successful candidate will also be expected to 
pursue his own research and collaboration with other 
basic medical scientists will be encouraged 

Enquiries to be made in the first instance, including 
a brief curriculum vitae, to Dr Ewan C Grant (N), 
Senior Lecturer in Human Biology, Basic Medical 
Sciences Group, Chelsea College, Manresa Road, 
London SW3 6LX, before October 10, 1973 US 


UNIVERSITY OF OXFORD 


UNIVERSITY LECTURERSHIP IN 
CHEMICAL CRYSTALLOGRAPHY 


The University intends to appoint a University 
Lecturer 1n Chemical Crystallography with effect from 
October 1, 1974, on the scale £1,929 (at the age of 
24 and under) to £4,863 (at age 42 and over) subject 
to confirmation The scope of Chemical Crystallo- 
graphy is regarded as comprising the application of 
the whole range of diffraction-based methods to 
structural problems in chemistry and the individual 
appointed should therefore have appropriate research 
interests and experience It 1s expected that he or 
she wil] participate in the teaching of either Inorganic 
or Physical Chemistry to undergraduates 

The successful applicant, if a man, may be elected 
to a Studentship at Christ Church or, if a woman, 
to a Fellowship at Lady Margaret Hall Details of 
the college duties and stipend may be obtained from 
the Dean of Christ Church, or the Principal of Lady 
Margaret Hall but a separate application for the 
college post need not be made independently of that 
for the university lecturership 

Further paruculars may be obtained from Professor 
J S Anderson, F RS, Inorganic Chemistry Labora- 
tory South Parks Road, Oxford OX1 3QR, to whom 
applications (10 typed copies) must be sent by 
November 15, 1973 (890) 


THE NATIONAL KIDNEY RESEARCH 
FUND invites applications for grants for renal 
research at units within the United Kingdom 
Application forms are available from The 


Secretary, 54 Paddington Street London W1M 


3RQ (01935 9019) Completed applications 
will be required by November 30, 1973 


(912) 





Scientific 
Translator 
(German /English) 


Berlin 


Schering AG wish to recruit a 
translator, preferably female and 
single, aged 25-35, who will work 
in the Registration Department 
in the Head Office at Flotten- 
strasse in West Berlin 


The successful applicant will be a 
graduate either in German with a 
background in the field of Bio- 
logical sciences or in one of thé 
s Biological 

sciences with 

fluent German 





The salary will initially be c £4500 
and assistance will be given with 
removal of personal effects and 
relocation 


Applications to 


B. C. Lancaster, 
Personnel Manager, 
Schering Chemicals Ltd, 
Burgess Hill, 

Sussex. 


Telephone Burgess Hill 6011 
(908) 


DRUG RESEARCH 


We are seeking two graduates for our Department of Pharmacology to 
work in a group investigating Appetite Regulation and to develop new 


drugs in this field 


We require graduates with experience in 


NUTRITION/PHYSIOLOGY/BIOCHEMISTRY 
. and 


C.N.S. PHARMACOLOGY 


Weare a major international pharmaceutical company, part of the AKZO 
organization and our laboratories are situated on the main M8 Edinburgh- 
Glasgow road, We offer a salary based on qualifications and experience, 
commensurate with the responsibility of the position. Conditions of 
employment are in keeping with the best modern practice. 


Assistance with any relocation expenses will be given. 


Write with details of age, qualifications and career to date to. 


Personnel Manager, 

Organon Laboratories Limited, 
Newhouse, By Motherwell, 
Lanarkshire, MLI 5SH. 





UNIVERSITY OF MANCHESTER 
RESEARCH ASSOCIATE IN CYTOGENETICS 


e 
Applications invited for this post in the Department 
of Zoology to work on an SRC sponsored project 
concerned with chromosome,studies associated with 
work on meiouc drive in the yellow-fever mosquito, 
Aedes aegypti — Post tenable for three years from 
October 1, 1973 Starting salary £1,929 pa rising 
to £2,223 pa FSSU 
Application forms from the Registrar, The Univer- 
sity, Manchester M13 9PL, should be returned to Dr 
D I Southern or Dr R J Wood, from whom further 
particulars can be obtained, as soon as posible (796) 


Organon 





(889) 





UNIVERSITY OF OXFORD 
ANTHROPOLOGY LABORATORY 


A RESEARCH ASSISTANT 1s required to help 
in an investigation of endocrinological aspects of 
child ‘behaviour Candidates should be qualified in 
biology, and preference will be given to candidates 
with training in endocrinology, biochemistry and/or 
ethology 

Salary will be fn accordance with University scales 
for Research Assistants, Grade IIe (under review) 

Applications in writing with the names of two 
referees should be addressed to the Secretary, 
Laboratory of Anthropology Annexe, 11 Keble Road, 
Oxford (862) 





Quality 


Controllers 


Bass Charrington Vintners market a wide range of 
Wines and Spirits that include Vat 69 Whisky, Bacardi 
Rum, Emva Cyprus Sherry, Sandemans Port, Mateus 
Rose and Hirondelle Wines, and many other famous 
names 

We are rebuilding our site at Three Mills in an historic 
part of London on the River Lea and new Laboratories 
are currently under construction 

We are seeking two Quality Controllers who will be 
responsible for ensuring that the quality of ail wines, 
spirits and materials imported into the U K meet the 
required standards, and for managing a staff of Quality 
Control specialists and technicians 

Arelevant scientific degree (or equivalent) is essential 
and might be in Chemistry, Biochemistry, Microbiology, 
or a related subject At least five years post-graduate 
experience gained in a Quality Control environment in 
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ELECTRON MICROSCOPIST 


"We require an additional Electron Microscopist, to 
take responsibility for the application of micro- 
scopical techniques to research projects 

This post is attractive in that jt offers the oppor- 
tunity for a person to become familiar with a wide 
range of techniques, providing a service to scientists 
within the Beecham Group in addition to those at 
our research sites The Laboratory 1s well equipped 
with a Philips EM 300 electron microscope and 
major facilites include ultramicrotomy and freeze- 
etch/vacuum coating, besides comprehensive labora- 
tory and dark room equipment Scanning electron 
microscope facilities are also available 

The successful applicant will be given responsibility 
for the day-to-day organization of the workload, 
training of staff and liaising with project research 
staff The post is suited to a graduate, with a 
biological background and previous experience of 
some aspects of electron microscopy, who wishes to 
specialise in applications of electron microscopy 
through a practical and innovative approach 

‘Beecham Research Laboratories are part of the 
Beecham Group and are situated in a pleasant area 
of Surrey within easy reach of London There are 
generous fringe benefits, including sick pay, non- 
contributory pension fund and bonus scheme 

Apply in writing, quoting reference BP 61 and 


ne qualifications and experience, to the Personnel 
Officer, Beecham Research Laboratories, Brockham 
Park, Betchworth, Surrey (904) 





NJALA UNIVERSITY COLLEGE 
UNIVERSITY OF SIERRA LEONE 


Applications are invited for post of ASSOCIATE 
PROFESSOR IN CHEMISTRY Applicants should 


possess a good first degree and must have had teach- 
ing experience in a university, Salary ccale Le5,500 
to Le5,600 per annum (Le2=£1 sterling) The British 
advantage . Government may supplement salary by £1,800 per 
annum (sterling) for married appointee or £1 200 

A good salary will be negotiated which will reflect the per annum (sterling) for single appointee (normally 
importance of these senior appointments, and there are free of all tax) and provide children’s education 


allowances and holiday visit passages Superannua- 
excellent prospects for future advancement tion scheme or gratuity, various allowances, family 


Please write with a detailed Curriculum Vitae to passages, biennial overseas leave 

Miss J Long, Personnel Department, Bass Charrington eee application 2 copies) including 2 curri- 

DOM culum vitae and naming 3 referees, shou e sent 
Vintners Ltd , Three Mill Lane, Bromley-by-Bow, E 3 , by airmail, not later than October 22, 1973, to the 
or alternatively telephone 01-980 7133 for an Secretary, University of Sierra Leone, Private Mail 
application form Bag Freetown, Sierra Leone — Applicants resident in 
UK should also send 1 copy to Inter-University 
Council, 90/91 Tottenham Court Road, London WIP 
ODT Further particulars may be obtamed from 


Bass Charrington Vintners tiber address t5 


950 LA TROBE UNIVERSITY 
MELBOURNE, AUSTRALIA 
LECTURER/RESEARCH FELLOW 
IN BIQCHEMISTRY 


Applications are invited from suitably qualified 
persons for the abovementioned positions in the 
Depar ment of Biochemistry 

Salary Lecturer, $A8,698 by $A470 (1) by $A469 
(6) to $A11,982, Research Fellow, $A8,128 by $A285 


(6) to $A9,838 

Further information and application forms are 
available from the Association of Commonwealth 
Universities (Appts), 36 Gordon Square, London 


WCIH OPF, or from the Registrar, La Trobe Uni- 


versity, Bundoora, Victoria, Australia 3083 
Aprlications close on November 12, 1973 
HAMMERSMITH HOSPITAL 


AND THE ROYAL POSTGRADUATE 
CHEMISTRY 


the food industry is important, and experience in 
Brewing or Wine and Spirit processing would be an 

















MEDICAL SCHOOL 
DU CANE ROAD, LONDON W12 
ENDOCRINOLOGIST 
Recent expansion of our research has created opportunities for HNC and An experienced physician or biochemist with a 
special interest in Endocrinology is required to take 
graduate chemists The vacancies exist in the laboratories of the discovery spores of the Hormone Immunoassay Laboratory um 
and development groups of the Research Division and successful applicants the Endocrine Unıt Basic and IMMUNOASSAY expert. 
ence necessary The appointee will normally be 
will be engaged in teams concerned with the synthesis of potential therapeutic e an heworary lectureship with the Royal Poste 
graduate Medical School 
Salary scale £3,363 to £4,725 
Further information may be obtained from Pro- 


agents or in the development of new synthetic procedures Previous experience 
of synthetic organic chemistry in pharmaceutical research would be desirable 


but not essential fessor Russell Fraser tel 01-743 2030 ext 212 
Applications giving full details of qualifications and 
experience to date should be sent to the Personnel 
Officer by October 22 (863) 


Our modern laboratories are well equipped and are supported by excellent 
Analytical and Library facilities The conditions of employment include 


Penston and Death Benefit Schemes, bonuses and the payment of removal MIDDLESEX HOSPITAL MEDICAL 
expenses where appropriate . SCHOOL 


Applications will be treated in the strictest confidence and should be addressed COURTAULD INSTITUTE OF BIOCHEMISTRY 
to — e RESEARCH ASSISTANT 





A vacancy exists for a recent graduaie with a 

good degree in biochemistry to study lipoprotein 

G. Marshall, Personnel Officer biosyrthesis and metabolism, with special done 

to heart disease The post may be registered for a 

. Central Research, higher degree and carnes a salary of up to £1,371 

fiz 2 per annum 

Pfizer Ltd , SANDWICH, Kent Applications, including a curriculum vitae and the 

names and addresses of two referees, to Dr G L 

Mills (N) Courtauld Institute of Biochemistry, The 

Middlesex Hospital Medical School, London WiP 
SPR (872) 
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There 1s a vacancy for a 
RESEARCH ASSISTANT OR TECHNICIAN 


with a biochemical background to assist in a 
clinical project involving the setting up and 
determination of Angiotensin I by radio- 
immunoassay and bio-assay and on problems 
concerned with Angiotensin inhibitors The 
appointment will be for a period of 3 years 
and is subject to the salary scales and condi- 
tions of the University, the starting point 
depending upon age and experience 
Apphications with full curriculum vitae, 
together with the names of 2 referees, should 
be sent to Dr A J Honour, Department of 
the Regius Professor of Medicine, Radcliffe 
Infirmary, Oxford OX2 6HE (919) 





MRC CLINICAL RESEARCH 
CENTRE 


(NORTHWICK PARK HOSPITAL) 
WATFORD ROAD 
HARROW, MIDDLESEX HAI 3UJ 


Section of Electronmicroscopy has a vacancy for a 
RESEARCH WORKER with experience in electron 
microscopy and in one or more of the following 
immunology, virology, pathology or cell biology 
medical degree would be an advantage, but is not 
essentia] Non-medical scientists should have a good 
honours degree in one of the above subjects The 
post involves collaboration with many of the research 
divisions of this centre and with the staff of the 
hospital The appointment is for 3-5 years, and the 
salary which 1s dependent upon age and experience, 
will be within the range £1,668 to £3,192 plus £162 
London Allowance a year 

Application. forms may be obtained from Mrs 
J Tucker-Bul! Please quote ref 112/1 (886) 


UNIVERSITY OF SURREY 
DEPARTMENT OF CHEMISTRY 


TECHNICIAN GRADE 7 
£2,658-£3,030 


Applications are invited for the position of Techni- 
cian Grade 7 in the Department of Chemistry 

The appointee will be responsible to the Senior 
Experimental Officer for the supervision of technical 
staff and assist in the provision of a technical service 
covering teaching and research 

Duues will include ensuring satisfactory manten- 
ance;security of the areas and equipment under his 
control, and the development and construction of 
apparatus, maintenance of records, ordering, costing 
and cost control as directed 

Applicants should have a wide practical experience 
in laboratory techniques and in partucular physical 
chemistry methods as well as experience in super- 
vising technical staff 

Applicants for the post should possess either HNC 
or Advanced City and Guilds or IST qualifications 
10-12 years’ experience is the minimum required 

Application forms may be obtained from the 
Assistant Secretary (Personnel), University of Surrey, 
Guildford Surrey GU2 SXH or Tel Guildford 
71281, ext 452 and to whom they should be returned 
to by October 15 (895) 


UNIVERSITY OF MELBOURNE 


TWO LECTURESHIPS (LIMITED 
TENURE) 
IN THE SCHOOL OF PHYSICS 


Applications are invited for these positions 

Qualifications Ph D with postdoctoral experience 

Duties Supervision of research students together 
with undergraduate lecturing or laboratory classes 
Experimental physics research is being carried out in 
high energy physics, diffraction physics and low 
energy nuclear physics Further details of research 
Opportunities are available on request Preference 
will be given to applicants with interests ın experi- 
mental high energy physics or diffraction physics 

Salary $A8,698 to $A11 982 per annum 

These appointments are each available for a period 
of three years 

Further information is available from the Asso- 
ciation of Commonwealth Universities (Appts), 36 
Gordon Square London WCIH OPF 

Applications close on October 31, 1973 (901) 


UNIVERSITY OF CAMBRIDGE 


DEPARTMENT OF BIOCHEMISTRY 
(TENNIS COURT ROAD) 


POSTDOCTORAL RESEARCH 
ASSISTANTSHIP IN 
PHYSICAL BIOCHEMISTRY 


Applications are invited from suitably qualified 
candidates for this three-year post which will include 
the study by light scattering methods of proteins and 
other macromolecular systems 

Initial salary £1,750 to £2,058, according to qual- 
fications and experience with annual increments of 
about £150 Membership of FSS U optional 

Further information from the Superintendent to 
whom applications, with names and addresses of two 
referees, should be sent before October 30, 1973 

(918) 
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CSIRO 
AUSTRALIA 


The Commonwealth Scientific and Industrial Research Organization has a broad 
charter for research into primary and secondary industry areas The Organization has 
approximately 6,500 employees—2,100 of whom are research and professional 
scientists—located in Divisions and Sections throughout Australia 


RESEARCH STAFF 
VACANCIES 


DIVISION OF ENVIRONMENTAL MECHANICS 
CANBERRA, A.C.T. Ref No 416/12 


GENERAL: The Division conducts basic investigations of the biological and physical 
processes in the Soil-Plant-Atmosphere system Energy, water, gas, and solute 
transfer interactions in the system form a major field of study Laboratory facilities 
for soil meteorology and physiology are available In addition several mobile labora- 
tories are available for field studies The Division is linked to the Cyber 76 computer 
network and has access to CERES, CSIRO's large controlled environment facility 
The staff of the Division at present include twelve scientists, supported by technical 
staff ° 


DUTIES: To conduct independent experimental and theoretical research in one 
of the programmes described below 


| SURFACE PHYSICS—LOW REYNOLDS NUMBER HYDRODYNAMICS 
Studies of the surface physics and fluid mechanics of capillary flow processes, including 
the interactions between liquid, vapour and absorbed phases 


2 DISPERSION IN SOILS AND POROUS MEDIA 

Studies of the dispersion of dissolved and suspended material in soil and other porous 
materials with special reference to the problem of quantitative prediction of trans- 
port and dispersion in field situations 


3 CELL AND TISSUE PHYSICS 
Studies of the mechanics of growth of cells and extension of plant roots, the pro- 
pagation of turgor in plants and the transport properties of biological membranes 


QUALIFICATIONS: A PhD degree or equivalent degree or equivalent quali- 
fications in appropriate fields, and demonstrable research ability 


CLASSIFICATION: The appointment will be made within the salary ranges of 
Research Scientist or Senior Research Scientist $A8,489-$A12,932 pa An out- 
standing applicant may be offered appointment at a higher level 


DIVISION OF MINERAL CHEMISTRY 


Ref No 601/211 
FIELD: PHYSICAL CHEMISTRY 


GENERAL The Division comprises two major laboratories located at Port Mel- 
bourne, Victoria, and North Ryde, NSW Research interests are in the fields of 
fuel chemistry, geochemistry, structural chemistry, metallurgical chemistry and 
surface chemistry The appointee will be located at Port Melbourne 


DUTIES: The successful applicant will be a member of the Surface Chemistry 
Section and will be required to initiate and carry out studies on the surface properties 
of minerals The object of this work is to develop methods for de-watering slurries 
arising from mining operations 


QUALIFICATIONS A PhD degree in chemistry or equivalent qualifications, 
and demonstrable research ability Experience in the fields of coagulation and floc- 
culation of colloids and the surface chemistry of clay minerals would be most valuable 


CLASSIFICATION. The appointment will be made within the salary ranges of 
Research Scientist or Senior Research Scientist $A8,499-$A12,932 pa 


TENURE Either indefinite or fixed term appointments may be negotiated An 
indefinite appointment carries Australian Government Superannuation benefits 


APPLICATIONS Applications should state full personal and professional details, 
the names of at least two professional referees, and quote the appropriate Reference 
Number and be forwarded to 


The Personnel Officer, 

Australian Scientific Liaison Office, 
64-78 Kingsway, LONDON WC2B 6BD 
by the 26th October, 19/3 


Applications in U S A*and Canada should be sent to 


The Counsellor (Scientific), ? 
Embassy of Australia, 1601 Massachusetts Avenue, N.W., » 
WASHINGTON, D.C. 20036, U.S.A. 
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Animal 


Technician 


£2745—£3074 


at Allington Farm, Porton Down, Salisbury for day-to-day manage- 
ment of the small-animal production unit The duties include 
contro! of staff, ordering and maintenance of cages and animal 
house equipment, requisition of feeding matter, management of 
livestock, setting up and programming of breeding colonies, and 


maintenance of animal records 


Candidates should preferably be Fellows of the Institute of Animal 
Technicians, but Associate members with at least 2 years’ relevant 
experience of practical genetics and animal nutrition will be con- 


sidered 


Starting salary £2745 rising to £3074 Non-contributory pension 


scheme 


For full details and an application form (to be returned by 19 
October 1973) write to Civil Service Commission, Alencon Link, 
Basingstoke, Hants RG21 1JB or telephone BASINGSTOKE 29222 
ext 500 or LONDON 01-839 1992 (24 hour answering service) 


Please quote T/8384 


Procurement Executive, 


Ministry of Defence 


(869) 


THE UNITED SHEFFIELD HOSPITALS 


A vacancy exists for a period of 3 years in the Transplant Unit and Department of Urology, 


Royal Hospital, Sheffield, for a 


NON-MEDICAL SCIENTIFIC OFFICER 


to take part in a current experimental study 
animals with a view to treating Diabetes 
management of this condition 


into Transplantation of Islets of Langerhans in 
The work offers new avenues in the possible 


Candidates should possess a lst or 2nd class Honours degree in an appropriate subject and 


be prepared to enter for an M Sc 


or PhD degree course on the basis of the investigations 


Whitley Council Conditions of Service apply Salary scale £1,566 to £1,980 per arnum 


Applications, stating age, 


Acting Chief Administrative. Officer, United Sheffield Hospitals, 10 Beech Hill Road 
Further details supplied on request 


S10 2RZ, by October 6, 1973 


KING'S COLLEGE HOSPITAL 
MEDICAL SCHOOL 
DEPARTMENT OF CHEMICAL PATHOLOGY 


A CHEMIST or BIOCHEMIST 1s required to in- 
vestigate the structure and isomeric status of syn- 
thetic and natural bile pigments by physicochemical 
methods including high pressure liquid chromato- 
graphy, mass and nmr spectrometry under the 
joint direction of Dr M Stoll and Professor C H 
Gray The appomtment 1s for 1 year in the first 
place but renewable for a further 2 years Salary 
£1,830 (by £69 to £1,965) per annum but if the 
successful applicant wishes to submit his work for 
a higher university degree the salary scale will have 
to be reduced to conform with the rules of Medical 
Research Council grants 

Applications, with the names of 3 referees, not 
later than October 15 1973, to Professor Gray (N), 
Department of Chemical Pathology, King's College 
Hospital Medical School, London SE5 8RX (875) 


UNIVERSITY OF BIRMINGHAM 
LECTURESHIP IN VIROLOGY 


Applications are invited for the post of Lecturer 
in the Department of Virology The Medical School, 
University of Birmingham Candidates should have 
some years post-doctoral experience in virolegy in 
teaching and research 

Salary in the scale £1929 to £4,548 plus FS SU 

For further information apply to Professor P 
Wildy, Department of Virology, The Medical School, 
Birmingham BY5 2TJ 7 

Applications (nine copies) naming three referees 
should reach the Assistant Registrar in the Medical 
School by October 22, 1973 (849) 








qualifications and experience, and naming 2 referees, to 


The 
Sheffield 
(847) * 





RACECOURSE SECURITY 
SERVICES’ LABORATORIES 


HAVE TWO VACANCIES FOR 
CHEMISTS/BIOCHEMISTS 


to study the detection and identification of drugs 
in horse body fluids Candidates should hold a 
good degree in chemistry/biochemustry or equivalent 
qualification Experience in chemical toxicology or 
pharmaceutical chemistry would be advantageous 
For one post, graded Scientific Officer/Higher Scien- 
tfic Officer/Senior Scientific Officer depending upon 
the usual factors, practical experience of mass 
spectrometry ıs essential The other post is graded 
Scientific Officer 

Salary Scientific Officer, £1,384 by 12 to 
£2,286, Higher Scienufic Officer, £2,180 by 7 to 
£2,800 and Senior Scientific Officer, £2,746 by 8 
to £3 822 Contributory superannuation scheme 
Possibility of studying for a higher degree and 
publication of scienufic work 1s encouraged 

Applications with cursiculum vitae and the names 
and addresses of two referees to, and further details 
from the Director, Racecourse Security Services" 
Laboratories PO Box 15, Snailwell Road, New- 
market, Suffolk CB8 7DT (915) 

e 





MYCOLOGIST required by G D Searle & Co 
Lid, R & D Divisidn, to under ake a new project 
ın Mycology Some experience in the areas of 
Biochemistry and Immunology would be an advan- 
tage, but 1s not essential 

Please apply to Mrs E M Parr, Personnel 
Manager, G D Searle & Co Ltd, Lane End Road, 
High Wycombe, Bucks Telephone High Wycombe 
21124 (917) 


JUNIOR TECHNICIANS 
STATE REGISTERED 
TECHNICIANS 


Haematologists / Histologists, are 
required. for post in and around 


Liz Walbrook 
London 


especially 
urger tly 
London 
Ring or 
Appointments, 
WCI, 


Robinson, 
116 High Holborn, 
01-405 8787/6564 (3) 


write 





UNIVERSITY OF ADELAIDE 
CHAIR OF EDUCATION 


The University has decided to establish a second 
Chair of Education and invites applications for 
appointment from persons interested in any branch 
of educational studies The foundation Chair, which 
was established in 1959, is held by Professor L F 
Neal The Department has an active research school 
with more than sixty candidates reading for higher 
degrees 

Satary $A19,102 a year with superannuation on 
the FSSU basis and, for those persons eligible, 
supplementary superannuation and pension schemes 

Further information Potential candidates — are 
invited to obtain from the Secretary-General, Asso- 
«ation of Commonwealth Universities (Appts), 36 
Gordon Square, London WCIH OPF, or from the 
Registrar, a Statement about the Chair and formal 
terms of appointment Any further information 
desired may be had on request to the Registrar 

Applications (in duplicate) giving the particulars 
lstec in paragraph 7 of the Statement should reach 
the Registrar of the University, GPO Box 498, 
Adelaide, South Australia 5001, not later than 
November 15, 1973 (910) 





THE SCHOOL OF PHARMACY 
UNIVERSITY OF LONDON 


HISTOLOGICAL 
RESEARCH ASSISTANT 


Applications are invited from suitably qualified 
persons (graduate or technical) to participate in a 
research project under the direction of Dr D A 
Brown involving autoradiography of soluble com- 
pounds The appointment will be of up to two 
years’ duration at a salary commensurate with experi- 
ence and qualifications 

Applications, together with the names of two 
referees and giving details of experience should be 
made to The Clerk to the Council (N), The School 


of Pharmacy, 29/39 Brunswick Square, London 
WCIN 1AX, not later than October 12, 1973 
(856) 








ROYAL VETERINARY COLLEGE 
(UNIVERSITY OF LONDON) 


DEPARTMBNT OF PHYSIOLOGY 


BIOCHEMISTRY TECHNICIAN 
(GRADE 3) 


required to assist with research Experience in 
enzynology and interest in respiratory chain would 
be helpful, but not essential 

Salary on scale rising to £1,969, inclusive of Lon- 
don Allowance 

Please apply to Joyce Irons (N), Personnel De- 
partment, giving full details of age, qualifications 
and experience by October 8 (874) 


KING’S COLLEGE HOSPITAL 


MEDICAL SCHOOL 
(UNIVERSITY OF LONDON) 
Denmark Hill, London SES 8RX 


JUNIOR RESEARCH TECHNICIAN required to 
work on radioimmunoassay and gas chromatography 
of steroids and prostaglandins Post renewable 
annually Salary according to age and experience 
Training will be given yn these methods if necessary 

Applications to The Secretary of the Medical School 
(N), not later than October 8, 1973 (798) 





CONFERENCE 
CHANGING SCIENCE COURSES 


A Conference on Tertiary Science. Education 
organized by the School of Chemistry, Thames 
Polytechnic, December 18-20, 1973 

The aims of the conference are to review 
progress in post-school science education, and 
ir parucular to consider to what extent current 
developments in universities, polytechnics and 
colleges are meeting and will continue to meet, 
tre demands of students, industry and society 

Mam contributors indude Dr P B 


Ayscough, Prof F R Bradbury, Prof E Braun, 


Prof W H Dowdeswell, 
Prof F R Jevons, 
J E Spice, Dr A 
Keohane 

Shorter contributions will report innovations 
in Science Education 

Conference Fee £15 
Further details are 
Academic Registrar, 
London SE18 6PF. 


Mr B W Imre, 
Dr E W Randall Dr 
Suddaby, Prof K W 


available 
Thames 


from the 
Polytechnic, 
(907) 





^ 


NATURE SEPTEMBER 28 1973 


XXV 





CSIRO 
AUSTRALIA 


The Commonwealth Scientific and Industrial Research Organization has a broad 
charter for research into primary and secondary industry areas The Organization 
has approximately 6,500 employees—2,100 of whom are research and professional 


scientists—located in Divisions and Sections throughout Australia E 


RESEARCH SCIENTIST 
DIVISION OF TRIBOPHYSICS 


FIELD: : CERAMIC SCIENCE 
GENERAL: The Division has three laboratories in Victoria located at the 
University of Melbourne, in Fitzroy and at Fishermen’s Bend |t works in a 
broad area covering the science of materials and surfaces The appointee will be 
located at the Fishermen’s Bend laboratory, which is concerned with applied 
research and development in the fields of Engineering Ceramics and Refractories 


DUTIES: Under the general direction of the leader of the Engineering Ceramics 
& Refractories Group to take charge of a small group working in the field of 
high temperature solid electrolytes The present programme embraces studies 
of the electrical conductivity of zirconia and similar types of solid electrolytes, 
and the use of such materials for the construction of probes and devices for 
measuring the oxygen activity in gases and liquids over a wide range of tempera- 
tures |n view of the importance of mechanical impermeability to the proper 
functioning of solid electrolyte devices, studies of the sintering characteristics 
of the powders concerned are necessary 


As the Group’s programme ts directed to commercial as well as scientific ends, 
the appointee will be required to assist the Group leader with the initiation and 
preparation of technical proposals for industrial sponsorship and with liaison 
with the companies concerned The drafting of patents and their prosecution 
in association with CSIRO's patent attorneys is also involved 


QUALIFICATIONS: A Ph D degree in an appropriate field or equivalent 
qualification, and demonstrable research ability 


SALARY: The appointment will be made within the ranges of Senior Research 
Scientist or Principal Research Scientist. $A11,129-$A15,454 p a 


TENURE: This position is available for an indefinite period and Australian 
Government Superannuation benefits are available 


Applications stating full personal and professional details, the names of at least 
two professional referees, and quoting Reference, Number 370/271, should reach - 


The Personnel Officer, 

Australian Scientific Liaison Office, 
64-78 Kingsway, LONDON, WC2B 6BD 
by the 26th October, 1973 


Applications in US A and Canada should be sent to 

The Counsellor (Scientific), 

Embassy of Australia, 1601 Massachusetts Avenue, N W., 
WASHINGTON, D C. 20036, U.S.A. 


LEEDS METROPOLITAN DISTRICT COUNCIL 
DEPARTMENT OF PUBLIC WORKS 


Applications are invited for the post of EXECUTIVE DIRECTOR (Cleansing Services Divi- 
sion) The Salary Grade for this post is currently under review but will Be fixed within the 
range of £5,805 to £6,924 per annum Applicants must be professionally qualified 1n an appro- 
priate discipline and be thoroughly experienced in all aspects of large-scale refuse collection and 
disposal operations and in highway cleansing They must have a sound appreciation of the 
technological and scientific bases of modern methods of refuse collection and treatment and be 
able to lead the development of new operating methods in the district The sucessful applicant 
will be responsible, under the Director of Public Works, for reporting to the Environmental Health 
Committee, and will be expected to achieve a high level of operating efficiency while maintaining 
a keen sensitivity to the aesthetic demands of a healthy urban environment 

Applications, including names and addresses of two referees, should be returned to the 
Director, Department of Public Works, Sweet Street, Leeds LS11 9DD, not later than October 
10, 1973 

This advertisement appears after consultation with the Local Government Staff Commission 
for England Applications are restricted to Local Government employees serving in England 
(excluding London) and Wales (893) 





POSTGRADUATE BIOCHEMIST REQUIRED 
to participate in a haemoglobin sequencing project, 
for which a 1-year grant is available Prior ex- 
perience with amino acid sequencing work 1s essen- 
tal as the successful candidate will be expected 
to take part in the project without extensive train- 
ing —Applications to Professor N A Barmcot (N), 
Gower Street, London WCIE 6BT (873) 


FELLOWSHIPS AND 
STUDENTSHIPS 





COLAISTE NA HIOLSCOILE, 
GAILLIMH 


UNIVERSITY COLLEGE, 
GALWAY 


Applhcations are invited. for a POST- 
DOCTORAL FELLOWSHIP funded by the 
National Science Council to work with Dr B 
Coughlan on the Catalytic and Sorptive Pro- 
perties of Molecular Sieve Zeolites — Experi- 
ence in surface chemistry, heterogeneous cata- 
lysis, etc, would be advantageous 


The appointment, which is for one year in 
the first instance and may be renewed for a 
second, carries a salary of £1,907 and will 
commence as soon as possible 


Applications with curriculum vitae and the 
names of two referees, should be sent as soon 
as possible to 


Dr B Coughlan, 
Chemistry. Department, 
University. College, 
Galway, 

Ireland 





UNIVERSITY OF NOTTINGHAM 


DEPARTMENT OF APPLIED BIOCHEMISTRY 
& NUTRITION 
FOOD SCIENCE LABORATORIES 


SRC (CAPS) 
RESEARCH STUDENTSHIP 


Applications are invited from suitably qualified 
candidates (good Honours degree or equivalent) in 
physical chemistry or an allied discipline for a 
CAPS Studentship, ın association with Lyons 
Central Laboratories, directed to the study of freeze 
thaw changes in gels The proposed project involves 
the application of a number of advanced biophysical 
techniques to the investigation of a problem of con- 
siderable practical importance 

Applications (and enquiries). should be sent as 
soon as possible to J M V Blanshard, Department 
of Applied Biochemisty & Nutrition, Nottingham 
University, Sutton Bonington, Loughborough Leics , 
from whom further details may also be ro 


UNIVERSITY OF MANCHESTER 
INSTITUTE OF SCIENCE AND 
TECHNOLOGY 
COURTAULDS RESEARCH FELLOWSHIP 


Applications are invited for appointment to a 
Fellowship under a grant from the Courtaulds Edu- 
cational Trust Fund, tenable in the Department of 
Textile Technology for research under the direction 
of Dr J W S Hearle, Reader in Textile Physics, 
on “A study of complex fabric deformations” over 
a period of two to three years Candidates should 
have an interest 1n computational aspects of applied 
mechanics, combined with some experimental and 
analytical work <A previous knowledge of textile 
materials, although useful is not essential 

It is expected that the Fellow would be post- 
doctoral but an experienced candidate, without a 
doctorate, would be able to register for the PhD 
course The remuneration would be at a level not 
exceeding £2000 per annum, though this might be 
supplemented by a limited amount of teaching 

Application forms and further details can be 
obtained from the Registrar, UMIST, Sackville 
Street, Manchester M60 1QD (880) 








UNIVERSITY OF BIRMINGHAM 
FACULTY OF MEDICINE AND DENTISTRY 


Applications are invited for a POST-DOCTORAL 
RESEARCH FELLOWSHIP in renal physiology, to 
collaborate in a study of the physiological and 
pharmacological regulation of renin release under the 
superwsion of Dr B Singer It ıs desirable that 
applicants have experience in techniques in renal 
physiology, and an interest in endocrinology Funds 
available from December 1, 1973 for up to 21 
months 

Starting salary up to? £2,553 pef annum plus 
FSSU, depending on age and experience 

Applications, with curriculum vitae, naming two 
referees, should be sent to Professor S M Hilton, 
Head of the Department of Physiology, The Medical 
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UNIVERSITY OF CAMBRIDGE 
MARINE GEOPHYSICIST 


Senior Assistant in Research Salary range £2,388 
(aged 27) to £3,378 Financed from outside funds 
until August 1975 at least Contact Secretary, Depart- 
ment of Geophysics (Cambridge 51686) (909) 


PROFESSOR OF NEUROPHYSIOLOGY requires 
EXPERIENCED TECHNICIAN to assist ın servicing 
a practical classroom and in research Grade 4 
technician post during initial year pending retirement 
of existing Grade 5 holder of post Handwritten 
applications stating age, experience, qualifications and 
names of two referees to Admunistrator, University 
Laboratory of Physiology, Oxford OX1 3PT 30 








LECTURES AND COURSES 


RESEARCH WORKSHOP IN 
MOLECULAR AND 


DEVELOPMENTAL BIOLOGY 
GLASGOW—EASTER, 1974 


A short, intensive, research workshop will 
be held ın Glasgow from March 17-30, 1974 
Intended for post-doctoral workers wishing to 
enter research in the area of common interest 
to molecular and developmental biologists, in 
exceptional circumstances postgraduates who 
could make a significant contribution can be 
considered Participants will be asked to 
contribute to the programme 

A fee of £6000 will be charged and will 
cover board and lodging The workshop 1s 
sponsored by SR C and appropriate Britis 
participants may have the fee paid in full 

The workshop will be run by the Beatson 
Institute and the Departments of Botany, Cell 
Biology, Genetics, Immunology, Microbiology, 
Virology and Zoology of the University of 
Glasgow Further details, and application 
forms which should be returned by January 1, 
1974, can be obtained from the Secretary, 
Department of Zoology, Glasgow University, 
Glasgow G12 8QQ (X844) 





UNIVERSITY OF LONDON A COURSE OF 
two lectures entitled "Processing of Optical Data by 
the Visual System of Insects" will be delivered by 
Professor W -E Reichardt (Tubingen) at 530 pm 
on October 8 and 9 at University. College. (Botany 
Theatre), Gower Street, WCi Admission free, 
without ticket —Academic Registrar (870) 


UNIVERSITY OF LONDON A course of three 
lectures entitled “A Philosophy of Programming" 
will be delivered by Professor F L Bauer (Munich) 
at 530 pm on October 3, 4, 5 at Imperial College 
of Science and Technology (Lecture Theatre A, 
College Block), South Kensington, 
ADMISSION FREE WITHOUT 
Academic Registrar (878) 


GRANTS & SCHOLARSHIPS 


UNIVERSITY OF LEICESTER 


MICROBIAL GENETICS 


An MRC RESEARCH SCHOLARSHIP leading 
to a PhD degree 1s offered in the Department of 
Geneucs at Leicester University 

Applicants are invited to join one of the groups in 
the Department whose interests include control of 
the cell cycle and lime moulds, replication of DNA 
in bacteria the genetics of physarum , and control 
of gene action in aspergillus 

The award is open to recent graduates who have 
an upper second class degree The Award is £695 
per annum and can be supplemented with demon- 
Strating and tutorial fees 

Further information can be obtained from Pro- 
fessor R H Pritchard, Department of Genetics, 
University of Leicester, Leicester LE1 7RH Tele- 
phone 0533 50000, Extension 146 (784) 
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UNIVERSITY OF STRATHCLYDE 
DEPARTMENT OF APPLIED MICROBIOLOGY 


Postdoctoral 
Research Fellowship 


o 


Applications are invited for an SRC Postdoctoral Research Fellowship, 


tenable for one year-eighteen months 


Candidates should normally hold a PhD degree (Biochemistry, Micro- 
biology or Mycology), or be awaiting the result of a PhD examination, or 
have research publications revealing equivalent status 


The successful applicant will study the biochemistry of spore formation 
in filamentous fungi mm particular [he biochemistry of mitochondrial 


function during differentiation 


Salary scale £1,929 x £129—£2,058 per annum with FSSU 


Applications, naming three referees (quoting R27/73), should be addressed 
to Dr J E Smith, Department of Applied Microbiology, University of 
Strathclyde, Royal College Building, 204 George Street, Glasgow G1 1XW 


(887) 





Middlesex Polytechnic 
A Short Course in Applied Hydrology 


1st and 2nd November 1973 


The course will cover instrumentation and measu-ement techniques of various parameters 


of the hydrological cycle, examination and 


hydrochemical data 


Fee £20 


interpretation of hydrobiological and 


Apphcation forms from: Short Course Secretary, Ref. N/9/27, Middlesex Polytechnic, 


Queensway, Enfield EN3 4SF. Tel: 01-804 $131. 


2 (902) 


THE ROYAL SOCIETY 
SCIENTIFIC PUBLICATIONS GRANT 


Applications for grants from the second allotment 
of the Government Grant for Scientific Publications 
for the year 1973 should be made as soon’ as pos- 
sible No application can be considered which 1s 
received later than November 15, 1973 The grant 
1s provided for the assistance of scientific publica- 
tions in the United Kingdom, particularly but rot 
exclusively those of scientific societies and institu- 
tions of a national character A small part of the 
grant 1s available for the assistance of the libraries 
of scientific societies Applications are receivable 
only from societies and institutions in the United 
Kingdom and individuals of British nationality 


Forms of application may be obtained from the 
Executive Secretary, The Royal Society, 6 Carlton 
House Terrace, London SW1Y SAG (861) 


for all books 








FOR SALE AND WANTED 


Always wanted 

BACK RUNS OF JOURNALS 
IN SCIENCE AND THE HUMANITIES 
WM DAWSON & SONS LTD 

Back Issues Department, 
Cannon House, Park Farm Road, 

Folkestone, Kent, England 
Tel Folkestone 57421 (D 


Wanted and for Sale 
Scientific and Technical Revlews 
Please inquire for runs or single volumes 
SANTO VANASIA, 58 Via M Macchi, 
20124 MILANO, Italy (2) 





Display Advertising for 


Nature 


USA 
ON PURE AND APPLIED SCIENCE NATURE SCIENTIFIC PUBLICATIONS INC 
including 711 National Press Building 
CHEMISTRY ' BIOLOGY PHYSICS Don eae 
MATHEMATICS, ENGINEERING AND 
AGRICULTURE, etc, Elsewhere 
Catalogues on agplication, please state interests ADVERTI S EMENT DEPA RTMENT 
v z MACMILLAN JOURNALS LIMITED 
H. K. LEWIS & Co. Ltd., 136 Gower Street 4 Little Essex Street, London WC2R 3LF 
Telephone) LONDON, WCIE 6BS [01-387 4282 01-836-6633 
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covering a broad spectrum of topics 


ANNUAL REVIEWS INC., a nonprofit corporation, pub/ishes critical, informative, and timely Reviews 
Each article is written by an internationally known expert in the field 





Annual Review volumes have become an integral and prominent part of the scientific community and all 


professional students, teachers, and researchers will wish to possess and study each volume 








ANNUAL REVIEW OF 
FLUID MECHANICS 


January 1973 


CONTENTS Ludwig Prandtl in the Nineteen-Thirties 
Reminiscences Use of Lasers for Local Measurement of 
Velocity Components, Species Densities, and Temperatures 
Experiments in Gasdynamics of Explosions Longitudinal 
Dispersion and Turbulent Mixing in Open-Channel Flow 
Spherical-Cap Bubbles Intermittancy in Large-Scale 
Turbulent Flows Transonic Atrfoils Recent Developments 
in Theory, Experiment, and Design Buoyant Plumes and 
Wakes  Hydrofoils and Hydrofoil Craft The Fluid Mechan- 
ics of Lubrication Instability, Transition, and Turbulence in 
Buoyancy-Induced Flows Secondary Flows Theory, 
Experiment, and Application in Turbo machinery Aero- 
dynamics Noise from Aircraft Turbomachinery — Mixing- 
Controlled Supersonic Combustion — Three-Dimensiona! 
Boundary Layers Hydrodynamic Flow Visualization 
Molecular Gas Dynamics Prandtl's  Boundary-Layer 
Theory from the Viewpoint of a Mathematician 


Volume 5 443 pages 





ANNUAL REVIEW OF 
ASTRONOMY AND 
ASTROPHYSICS 

August 1973 435 pages 


CONTENTS: Turbulence and Scintillations in the inter- 
planetary Plasma Spectral Classification Millimeter- 
Wavelength  Radio-Astronomy Techniques Explosive 
Nucleosynthesis in Stars — Image-Tube Systems The 
Physical Properties of Carbon Stars Dynamical Astronomy 
ofthe Solar System Standard Model of the Early Universe 
The Effects of Departures from LTE in Stellar Spectra 
Processes in Collapsing Interstellar Clouds New Generation 
Optical Telescope Systems Diffuse X and Gamma Radia- 
tion Interstellar Grains Interaction of Fast Particles with 
Waves in Cosmic Magnetoactive Plasma Physical 
Processes Near Cosmological Singularities 


Volume 11 











PRICE each: $12.00 (USA); $12.50 (elsewhere), postpaid 
California residents subject to sales tax 








ANNUAL REVIEW OF 
MATERIALS SCIENCE 
October 1973 


CONTENTS. Theoretical Approaches to the Determination 
of Phase Diagrams The Fracture Crack as an imperfection 
in a Nearly Perfect Solid Critical Phenomena in Solids 
Mass Transport in Solids — Electrical Properties Charge 
Injection Phenoména Layer Compounds High Tempera- 
ture Compounds Carbon and Graphite Science Cement 
Paste and Concrete Recent Advances in Liquid Crystals 
Some Aspects of Structural Disorder in Solids Chemical 
Vapor Deposition of Electronic Materials Phase Trans- 
formations in Metals and Alloys Synthesis of Materials 
from Powders by Sintering Crystallization 


Volume 3 485 pages 





ANNUAL REVIEW OF 
PHYSICAL CHEMISTRY 
Volume 24 November 1973 550 pages 


CONTENTS. Physical Chemistry in Cambridge, Massa- 
chusetts High Speed Liquid Chromatography Inter- 
nationally Recommended Names and Symbols for Physico- 
chemical Quantities and Units Gas Phase Reaction 
Kinetics Reactions of High Kinetic Energy Species Raman 
Spectroscopy Involving Electronic Levels Status Report on 
Critical Compilation of Physical Chemical Data The 
Structure of Simple Liquids The Structural Chemistry of 
Extended Defects Optical Properties of Polymers Chemis- 
try of Pollutant Formation in Flames Quantum Dynamical 
Theory of Molecular Collisions Statistical Mechanics of 
Simple Polar Fluids Computer Dynamics Chemistry of 
the Planets Artificial Intelligence and Machines that 
Understand Theory of Rotational and Vibrational Energy 
Transfer in Molecules Equilibrium Isotope Effects Liquid 
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Published on the recommendation of the Medicines 
Commission 1n accordance with the provisions of the 
Medicines Act 1968 to supersede all previous editions, 
this book provides standards for the quality of substances, 
preparations and other articles used ın medicine and ~ 
pharmacy, together with information on action, use, dose, 
solubility, storage and labelling Twenty-seven appendices 
contain descriptions of chemical, physical and biological 
methods of analysis, specifications for reagents, tests for 
microbial contamination, an account of blood grouping 
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and plastic containers for medicinal articles 
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university/polytechnic/college entries are arranged 
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Positive. two, stage operation for 
filling and emptying 


TIPS 


Finntips are recommended for use 
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oxygen saturation, removal of CO», by 
gas exchange, oxidation of nitrogenous 
wastes, and continuous pH buffering. 
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Editors F di Castri, 

H A Mooney 
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Oxford Books for Students 
FE CM es MN EY 


Oxford Chemistry 


Series 
General Editors P. W. Atkins, 
J. S. E. Holker, A. K. Holliday 


Modern chemistry extends over a vast and rapidly increasing 
range of topics, and the needs of students at all levels are now 
highly diverse The aim of this series 1s to provide short up-to- 
date accounts of a wide variety of topics 1n pure and applied 
chemistry for both specialist and non-specialist undergraduate 
courses The series reflects the present-day emphasis on a 
‘horizontal’ approach, cutting across the traditional divisions 
of the subject in order to show the connections between its 
various branches In addition it includes books on the 
significance of chemistry in modern technology and ın 
contemporary life ° 


5 Stereochemistry and Mechanism 
David Whittaker 
9 text figures, numerous diagrams £2 80 papei covers £1 50 


6 Radiation Chemistry 
Gordon Hughes 
Numerous text figures £3 50 paper covers £2 10 


7 lonsin Solution 3: Inorganic Properties 
Geoffrey Pass 
15 text figures £2 80 paper covers £1 50 


8 Basic Chemical Thermodynamics 
E Brian Smith 
50 text figures £3 25 paper covers £1 75 


9 TheShape and Structure of Molecules 
C A Coulson 
58 text figures £2 75 pape: covers £1 50 


10 Diffraction Methods 
John Wormald 
Numerous dtagi ams, graphs and tables £3 
paper covers £1 75 


11 Correlation Analysis in Organic Chemistry 
An Introduction to Linear Free-Energy Relationships 
John Shorter 
Numerous diagrams, tables and graphs £3 75 
paper covers £2 10 

12 The Chemistin Industry 
1 Fine Chemicals for Polymers 
Edited by E S Stern 
Numerous diagrams, graphs and tables £3 
paper covers £1 60 


Oxford Biology Readers 
General Editor: J. J. Head 


This extensive series of short monographs 1s intended 
primarily for sixth formers, first-year undergraduates, and 
students in polytechnics and colleges of education It deals 
with a wide range of biological topics, including 
biochemistry, genetics, physiology, ecology, psychology, 
evolution, marine biolégy, and applied biology 

Recent titles are 


25 Gene Expression During Cell 
Differentiation 
J B Gurdon 
Paper covers 30p 
34 Protein Structure 
D C Philipsand A C T North 
Papei covers double volume 60p 
35 TheSynapse 
E G Gray 
Paper covers 30p 
38 Orientation and Position-Finding by Birds 
G V T Matthews 
Paper covers 30p 
39 Xerophytes 
S R J Woodell 
Paper covers 30p 
40 Visual Perception 
R L Gregory 
Paper covers 30p ° 
42 The Lichen Symbiosis 
D C Smith 
Paper covers 30p 
43 Symbiosis of Algae with Invertebrates 
D C Smith 
Paper covers 30p 
46 Metamorphosis 
J R Tata 
Paper covei s 30p 
55 Evolution Studied by Observation and 
Experiment 
E B Ford 
Paper coveis 30p 
59 TheVertebrate Lung 
G M Hughes 
Paper covers 30p 





Readings in Genetics and Evolution 


A selection of Oxford Biology Readers 


From among the Oxford Biology Readers now in print, those concerned with the 
associated subjects of genetics and evolution have been bound together in one 
hard-back edition An introduction has been specially written for the book, which 
contains fifteen Readers, including Somatic Cell Division, The Evolution of Man, 
and The Origin of Lif. Numerous photographs and line drawings £3:50 


NATURE 


MACMILLAN JOURNALS LTD 


No. 5423 


4 Little Essex Street, London WC2R 3LF Tel 


FRIDAY OCTOBER 5 1973 


LONDON 


WASHINGTON 


711 National Press Building, Washington DC 20004 Tel . 202 737-2355 Telex 64280 


What to Say About Scientific Evidence 


OLD WORLD 


European Science Foundation Formed/Soviet Science/ 
Geophysics/Nutrition/Pollution Research 


NEW WORLD 
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PERTS (University College, London) 
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Notes of articles appearing next week in Natme 
Physical Science and Nature New Biology will be found 


on pages 235 to 239 





Cover Lockheed C-13 aircraft at Williams Field, McMurdo 
Sound The aircraft was used during radio-echo sounding of 


East Antarctica. which revealed,''lakes" under the ice (see 
p 251) 
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the language of science 


Lithium 
Its Role in Psychiatric Research and 
Treatment 


Edited by Samuel Gershon and Baron 
Shopsin Approx 350 pages £9 75/ $23 50 





Invertebrate Learning 
Edited by W. C. Corning, J. A. Dyal and 
A. O. D. Willows 


Vol 1 Protozoans Through Annelids 
296 pages £9 25/ $22 50 


Vol 2 Arthropods and Gastropod Mollusks 
284 pages £9 25/ $22 50 


Chemical Mutagens 
Principles and Methods for Their 
Detection 


Edited by Alexander Hollaender 
Vol 3 304 pages £9 75/ $23 50 


Advances in Experimental Medicine and 
Biology 

Vol. 35. Alcohol Intoxication and 
Withdrawal 

Experimental Studies 


Edited by Milton M. Gross 
422 pages £12 00/ $29 00 


Vol. 34: Platelet Function and 
Thrombosis 
A Review of Methods 


Edited by P. M. Mannucci and S. Gorini 
358 pages £9 75/ $23 50 


Structure and Function of 
Plasma Proteins 
Edited by A. C. Allison 


Vol 1 Approx 350 pages £7 00/ $18 00 
Vol 2 Approx 350 pages £7 00/ $18 00 
(for the two-vol set £12 00/ $30 00 


PLENUM PUBLISHING CORPORATION 


227 West 17 Street, New York, N Y 10011 


Underwater Medicine and 
Related Sciences 
A Guide to the Literature 


By Charles W. Shiliing and Margaret 
F. Werts 695 pages £18 75/ $45 00 
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Theory and Applications 


By V. D. Solov'ev and T. A. Bektemirov 
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Neurotransmitter Regulation 
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316 pages £8 00/ $19 25 


Memory and Transfer of 
Information 
Edited by H. P. Zippel 582 pages £14 50/ $35 00 


Algae Abstracts " 
A Guide to the Literature 


Prepared by the Water Resources 
Scientific Information Center 


Vol 1 to 1969 585 pages £18 75/ $45 00 
Vol 2 1970-1972 693 pages £18 75/ $45 00 
(for the two-vol set £32 50/ $78 00 


Studies in the Natural Sciences. -.- 

Vol 1: Impact of Basic Research 

on Technology 

Edited by Behram Kursunoglu and 

Arnold Perlmutter 301 pages £8 25/ $20 00 

Vol. 2: Fundamental Interactions 

in Physics 

Edited by Behram Kursunoglu et al. 
399 pages £12 50/ $30 00 


Hormones and Brain Functions 


Edited by K. Lissák 
Approx 544 pages £14 00/ $33 75 


In United. Kingdom 8 Scrubs Lane, Harlesden, London Nw10 6SE, England (Tel 01-969 4727) 
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Introducing a complete and fully integrated liquid 

chromatograph — the Pye LCM2. 

m High speed detection using both organic and aqueous 

solvent systems m Quantitative response directly 

proportional to solute sample m Sensitivities greater than - 

1ug/ml m Organic substances detected regardless of 

class or molecular structure m Linearity better than three 

orders of concentration m Unaffected by type of eluting because of the high pressure capability of the ~ 
solvent m Pressurised solvent delivery of up to 3000 p.s.i. integrated separation unit; because the LCM2 is fully 
m Gradient elution analysis with a high rate of analytical designed to meet the requirements of the liquid 
throughput m Facilities for building-in an eluant chromatographer. 

collector/indexer, a flat-bed chart recorder and variable Ask for full information on the Pye LCM2 Liquid 
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absorption, partition and gel permeation. leasing facilities on its complete range of equipment. 
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new phase transformation detector based on the Pye Unicam Ltd 
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What to Say About Scientific Evidence 


Nor all the letters we receive each week convey hard 
scientific facts ripe for publication A few chide us for 
omissions and commissions and some question our ability 
to publish a hymn sheet, let alone a learned journal 
But one received recently set off an interesting train of 
thought The writer had singular views on low tempera- 
ture physics, and was outraged that the journal in the 
past had declined his contributions on this subject “Mr 
Brimble, one of your predecessors,” he wrote, “refused 
to see the Truth of this proposifion, he died shortly 
thereafter” The implication was palpably post hoc ergo 
propter hoc and we tempt providence by turning our 
backs again on this Truth The question that seemed 
fascinating was, granted that a scientist could see flaws 
in the implication. of this indelicately worded letter, how 
well could he see flaws ın the logic of his own work when 
it had all the trappings of a scientific paper? 

The most dangerous pitfall ın scientific reasoning 1s 
buried little deeper than the post hoc proposition It 1s 
the acceptance of the statement ‘f A umplies B, then B 
implies A’ To take an example of such reasoning which 
does not these days point an accusing finger at anyone, 
"f the Earth being at the centre of the Universe with the 
Sun rotating daily around ıt implies a succession of night 
and day, then our observation of night and day implies 
an Earth-centred Universe’ 

Mathematicians are particularly aware of the snags in 
this because the issue is that of sufficient and necessary 
conditions The truth of B 1s, of course, a necessary but 
not suffictent condition for the truth of A 

In observational science the chances are relatively slight 
that we can measure enough of the implications of A to 
rule out any other hypothesis than A A common prob- 
lem 1s of failure to identify enough alternative hypotheses 
A coim ıs tossed 1,000 times—it shows ‘heads’ in 600 
cases It would be totally wrong, for mstance, to say that 
600 ‘heads’ makes it highly credible that the coin 1s 
weighted Instead, ıt may be bent, the experimental pro- 
cedures may be at fault, or the experimenter may even 
be lying, all of these alternative hypotheses have to be 
assessed carefully It 1s the mark of the successful 
scientist that he has rich enough an imagination to look 
for these alternative hypotheses, particularly when the 
conventional one 1s popular 

An unseemly phenomenon familiar to all scientists 1s 
the rolling bandwagon, on which our logical fallacy 
frequently rides A first-rate new idea is introduced 
into a subject It 1s instantly attractive since ıt explains 
a variety of previously mystifying observations Whole 


laboratories swing into action and within months, papers : 


are emerging which run thus—the new idea implies the 
following predictable observations, we have made these 
observations and therefore we have helped verify the idea 
A frequent phrase 1s “we consider that our observations 
strongly support the notion that ” This may be pure 
nonsense, and history takes its toll of such papers Even 
ir the observations are indeed concordant with the hypo- 
thesis and hindsight shows them to have been of use ın 


establishing the validity of the hypothesis, they cannot 
support the new idea unless they clearly also refute all 
other hypotheses or at least render them all highly 
incredible Such crucial experiments are rarely possible 
When the experiment is not a crucial one, the most that 
the experimenter should say 1s that he 1s bringing forward 
new evidence to bear on the issue The validity of new 
concepts in science is usually established ultimately by 
processes not dissimilar to those involved in the determina- 
tion of guilt or innocence ın a court of law, and if the 
witnesses each bring their own opinion as well as their 
evidence this rapidly discredits both witness and evidence 

Moreover, the desire to voté fashionably can seriously 
inhibit science by requiring any imaginative thinker, with 
an alternative hypothesis which he wishes to test, to sift 
out evidence and decide how much of the published data 
has not been'tarnished — Preconceptions not only creep 
into ‘interpretation’ but often even control the way in 
which the experiment 1s performed Scientists are some- 
times guilty not only of accepting, suitably camouflaged, 
the proposition that B 1mplies A, but are also capable of 
designing experiments that will only yield B as an answer, 
or designing a rationalisation to remove all not-B from 
their data 

The solution to the problem of evaluatmg scientific 
evidence lies with the practitioner himself There 1s no 
point in attaching to research departments experts in 
scientific method alone Scientists must mdulge in more 
healthy scepticism of their own and other people’s treat- 
ment of data, there 1s a contmuing need of strong and 
informed criticism of the way science handles 1t evidence 
When properly done this ıs the greatest benefit of the 
refereeing system 


100 Years Ago 


eer, 





Dynamometers, by R S Ball LLD,FRS 

If we adopt that force which acting on one gramme for one 
second will impart the velocity of one centimetre per second as 
the unit, then one million of such units 1s a convenient magni- 


tude for practical purposes The large figures on the dyna- 
mometers represent these million units, for which it 1s hoped that 
ere long a suitable name will be adopted The dynamometers 
are intended for educational purposes They are exhibited to 
the Association with The desire of aiding the present movement 
in favour of an improved system of fundamental unity 

. 


A report from the British Agsociation a 


From Nature, 8, 497, October 9; 1873 
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OLD WORLD 


European Science Foundation Formed 


EvEN the most confirmed sceptics must 
be impressed by the speed with which 
the academies and research funding 
bodies of Europe have set up a Euro- 
pean Science Foundation At a two 
day meeting in Paris last week fifty 
western European academies and 
research councils* decided in principle 
to set up a foundation following less 
than a year of detailed consideration 
The foundation’s aims are to promote 
@ cooperation in fundamental research 
@ the free movement of research 
workers 
@ the exchange of ideas and knowledge, 
and 
€ the harmonisation 
research programmes 
A preparatory commission which will 
produce a constitution for the founda- 
tion has been created and it 1s hoped to 
sign a charter forming the foundation 
m May next year, setting up its head- 
quarters at a place to be decided 
Research councils across Europe keep 
in touch with each other—the Medical 
Research Councils for example meet 
regularly—and this cooperative ap- 
proach to problems even spread to the 
Science Research Councils which had a 
meeting at Aarhus in 1972 Many 
learned societies and academies have 
also set up exchange arrangements in the 
past decade 
But the real stimulus for the forma- 
tion of the science foundation came from 
Signor Altiero Spinelli of the European 
Commission He galvanised the Euro- 
pean research councils and academies 
into action by the simple expedient of 
publishing, in the summer of 1972, his 
-proposals for a common scientific, 
technological and industrial policy under 
the title Objectives and Instruments of a 
Common Policy for Scientific Research 
and Technological Development One 
key proposal was that a European 
Science Foundation should be formed 
But the proposal stated that it should 
include development work within its 
remit 
The reaction of Europe’s scientific 
bodies was predictable At a meeting 
held at the Royal Society in December 
last year the fifty academies of Europe 
discussed the proposal and decided that 
they did not want a Brussels bureaucracy 
trying to run science, they did not want 
a foundation for science that included 


of European 


* The academies and research funding 
bodies represented were from Austria, 
Belgium, Denmark, Spain, France, Greece, 
Norway, Holland, Portugal, West Ger- 
many, Ireland, United Kingdom, Sweden, 
Switzerland, Yugoslavia, Italy 


the politically sensitive development 
side, they did not want a foundation 
limited merely to the community's nine, 
and they did not know whether they 
even wanted a foundation of any sort 

But the meeting—hostile though ıt 
was to Spinellis proposals—was not 
entirely negative The academies and 
research councils found themselves in 
almost complete agreement and decided 
to examine the possibilities of setting up 
a foundation themselves A second 
meeting was held in Munich in April 

By then the situation had changed 
Britain, Denmark and Ireland had 
joined the European Community, the 
commissioners had changed their jobs, 
Spinellí's original proposals, opposed by 
Britain and France, were due shortly to 
be quashed, and Dr Rolf Dahrendorf 
was now the commissioner responsible 
for European science He attended the 
Munich meeting 

His response to the attitude of the 
research councils and academies was 


^ e 
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encouraging The commission, he ex- 
plained, was now willing to see a founda- 
ton devoted purely to fundamental 
science Furthermore the commission 
was willing for countries outside the 
nine to be included and it was happy to 
have the scientists themselves organise 
the body 

By the end of the Munich meeting the 
balance had swung from the academies 
amd research councils being largely 
opposed to a foundation, to their being 
cautiously in favour 

In the months between Munich and 
last week’s Paris meeting the questions 
which had to be answered included 
defining the relationship between the 
foundation and existing bodies, defin- 
ing its relationship with the European 
Community and countries outside the 
EEC, and deciding which bodies should 
belong to the new foundation 

These questions have now been 
answered The European Commission, 
subject to the approval of the council 





SOVIET SCIENCE 


Quick Ciay Tube 


THE most spectacular achievement of the 
reign of Peter the Great was the building 
of his new capital in the Neva marsh- 
lands The lack of a firm subsoil, how- 
ever, ıs a considerable problem to the 
civil engineering. planners of modern 
Leningrad—but now one major diffi- 
culty at least has been met with a solu- 
tion 1n the grand tradition of the city's 
founder 

In driving the tunnels for the new 
Metro, the  "Lenmetrostroi' Trust 
(specially established for the task) en- 
countered the apparently impassable 
obstacle of a 450-metre long bed of 
quick clay—the legacy of a pre-glacial 
tributary of the Neva ‘The situation 
was not suitable for treatment by the 
standard method—electrolyte injection 
—and accordingly a more radical treat- 
ment was proposed, namely, the freezing 
of the bed to a temperature of —10? C 

Civil engineering operations on quick 
clay regions are notoriously dangerous 
—the Surte disaster, which carried a 
railway a main road and three hundred 
homes into the River Gota was initiated 
by a pile driver gnployed on the founda- 
tions of a new buifding The “Lenmetro- 
stroi" teams, howewer, are safely opera- 
ting a mechanical pick, with a nominal 
progress rate of 33 cm per shift, through 
the former quick clay bed that they have 
transformed into an “iceberg” They 


are even able to use explosive charges to 
deal with the occasional two-ton granite 
boulders found 1n the bed 

How the quick clay was frozen in the 
first place has net been revealed The 
press (Pravda, September 26, 1973) only 
describes the work in progress through 
the pre-frozen mass, with indium alloy 
pipes penetrating the work-face, carry- 
in the refrigerant (calcium chloride 
solution) It would appear, however 
that the actual thickness frozen is 
small—since cracks ın the frozen walls 
of ihe bore must be closed at once by 
metal shutters to prevent flooding of the 
workings by the quick clay beyond the 
“iceberg” 

I: is not clear what preventive 
measures will be employed when the 
Metro is operating It is proposed, 
however, that through the quick clay 
region the train tunnels should le not 
parallel but one on top of the other 
Even so, further precautions will surely 
be necessary if the thixotropic proper- 
ties of the bed are not to be activated by 
the vibration of the trains The cost of 
constructing this section of the Metro 
has already risen above 2 million roubles 
(£2 000,000) and (a serious matter in 
Soviet planning) the construction time 
has already doubled It would appear 
that 1f the Metro is to operate without 
causing risk to the city above, the 
*Lenmetrostroi" engineers will have to 
find a further “heroic” solution to deal 
permanently with this quick clay bed 
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of ministers, will belong to the founda- 
tion, will contribute financially, and will 
use the foundation as an advisory body 
on fundamental science The founda- 
tion will include all Western European 
academies, the qualification for member- 
ship being that they finance research 
Learned societies without grant-giving 
powers will not be eligible 

But what will the new foundation do? 
Initially it will be a talking shop Sir 
Kingsley Dunham, Foreign Secretary 
of the Royal Society, says that “in spite 
of the plethora of European organisa- 
tions already in existence, there is still 
a need for a forum ın which to exchange 
information on what is going on, on 
both a large and a small scale" A 
small secretariat will be set up, and the 
immediate objective will be to sort out 
areas of science where more cooperation 
or a change in emphasis on research 1s 
needed It is likely that the founda- 
tion's initial budget, contributed by its 
members, will be about £1 million, some 
of which will be used to support needy 
areas—the Flora Europaea programme 
1s one possibility In time it ıs likely 
that the foundation’s budget will expand 
to allow more research to be supported 

Other work could include allocating 
spare time on accelerators, reactors and 
telescopes, for example, and laying the 
groundwork for major cooperative pro- 
jects such as CERN It is not intended, 
however, that the foundation should ever 
finance such expensive programmes 
Multilateral agreements for the exchange 
of research scientists could be devised 
International cooperation 1n areas where 
Setting up separate organisations would 
be wasteful can be encouraged—for 
example in geodesy and geophysics— 
and such projects as the provision of 
experimental material for zoologists 
can be undertaken 

But where the foundation can play 
its most important role 1s in providing 
an overall direction to the hundreds of 
millions of pounds that the research 
councils and academies of Western 
Europe spend between them in sixteen 
countries 

European governments will have to 
approve the plan to contribute research 
council money to a foundation, the 
Council of Ministers will have to 
accept the Commission's attitude and 
the foundation will have to be seen to 
be doing things early in its existence if 
1t 1s to be credible But, as Sir Kingsley 
Dunham 1s quick to point out, it will 
start with an enormous amount of good- 
will as it 1s the creation of the research 
councils and academies themselves It 
is not an organisation imposed from 
above by governments 

It has been a week of relief and con- 
gratulation Sir Brian Flowers, Chair- 
man of the Science Research Council 
until this week and a longtime protago- 
nist of the foundation, described the 


outcome as very satisfactory, and the 
enthusiasm governments have evinced 
towards the foundation—for example 
Mrs Margaret Thatcher's recent speech 
(see Nature, 244, 248, 1973) to the 
Parliamentary and Scientific Committee 
—suggest that there should be few 
stumbling blocks there 

The constitution should be prepared 
by May for signature in Stockholm and 
the foundation could be underway by 
late 1974 or 1975, a move that would be 
wise in view of the impending departure 
of Dr Rolf Dahrendorf from Brussels 
Another Commissioner may be less keen 
to see the research councils running 
their own show away from Brussels 


GEOPHYSICS 


Lurich Jamboree 


THE first meeting of the newly formed 
European Geophysical Society was held 
in Zurich last week The 500 Euro- 
pean scientists present, together with 
a sprinkling of representatives fromethe 
United States, assured the success of 
the meeting But young graduate 
students, from all countries including 
Switzerland, were conspicuous by their 
absence 

The concept of a European-wide 
Society to cater for the interests of geo- 
physicists originated at the joint meet- 
ing of the International Association. of 
Geomagnetism and Aeronomy and the 
International Association of Seismology 
and Physics of the Earth's Interior 
held in Madrid four years ago The 
idea was taken a stage further at a 
meeting held at the University of Read- 
ing in. 1971 when a committee was set 
up, with Mr C R Argent of the Royal 
Society as secretary It has acted 
as midwife to the society since then 

Professor Keith Runcorn, of the Uni- 
versity of Newcastle upon Tyne, said 
this week that one of the aims of the 
society ıs to ensure that European 
graduate students get the opportunity 
to present the results of their research 
to a highly critical international 
audience The students will also get the 
opportunity to hear and meet inter- 
national experts in all aspects of geo- 
physics Professor Runcorn, who has 
been for many years in the forefront of 
efforts to get the society established, 
also said that the society should ensure 
that Buropeans will become aware of 
the possibilities. for cooperation with 
laboratories in other countries Inter- 
national collaboration 1s essential to 
obtain an appreciation of many geo- 
physical problems such as the geology 
and geodynamics e f Europe, said 
Professor Runcorn 

Emphasis was placed at last week's 
meeting on interdisciplinary symposia 
and on topics of special interest to 
European geologists and geophysicists 
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There were sessions on the deep struc- 
ture of Europe, on which there is new 
seismic information, and on pelagic 
sediments, data on which have been 
recently obtained from drillings in the 
Mediterranean The meeting was not 
only a local affair and the Moon and 
planets received much attention, with 
the Mariner 9 photographs of Mar 
being specially appreciated ' 

It is no secret that the European Geo- 
physıcal Society ıs modelled very much 
on the highly successful American Geo- 
physical Union and the “frontiers of 
science” lectures at last week’s meeting 
highlighted the similarity between the 
two organisations At Zurich, Pro- 
fessor J Geiss of the University of 
Bern, gave a talk on the solar wind and 
ifs application to astrophysics and geo- 
physics, while Dr D McKenzie of the 
University of Cambridge revealed to 
his audience the secrets of mantle con- 
vection and the Earth’s thermal history 

Professor Runcorn wants to see the 
society provide opportunities for differ- 


Televised Science 


It science 1s to become a part of the 
background to daily life, rather than 
being enshrined as some taboo topic 
which is only understood by coldly 
efficient white coated experts, James 
Burke and Dr Who, then the first 
requirement 1s that scientific topics 
should be represented ın the media 
In Britain today, this means that 
science must be an integral part of 
television features 

BBC TV has received criticism 
in the past for its handling of science 
features, but at least the features 
group do produce science pro- 
grammes, and these are reputed to 
be the best such programmes pro- 
duced by any national TV network 
in the world 

The BBC TV features group 
have recently announced plans for 
the coming season, and these in- 
clude “one off" specials such as 
The Life Game (a programme about 
"evolution in action"), a series on 
the lives and work of famous scien- 
tsts and regular features such as 
Horizon, which will be looking at 
subjects ranging from pygmies to 
black holes In addition, old 
favourites like. Tomorrow's World 
will be on British TV screens each 
week throughout the next few 
months Nature will be keeping a 
close watch on these developments 
-~and on the presentation of science 
through other media including 
radio and films—and from time to 
time will be reporting on the success 
or failute of the media in present- 
ing science ‘to the public 
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ent disciplines to appreciate each other’s 
difficulties In this way many problems 
wil be seen to be common For 
example, says Professor Runcorn, those 
concerned with convection in the 
mantle will undoubtedly benefit by 
dialogue with those working on geo- 
physical fluid dynamics of atmospheres 
and oceans 


NUTRITION 


Equation Doesn’t Balance 


from a Correspondent 


Does the man/food equation balance? 
Not for Jong, was the verdict of a two- 
day symposium held at the Royal Insti- 
tution London, recently The first day 
was devoted to the problems of feeding 
an increasing population within the 
constraints of conventional food pro- 
duction, the current supply of fuel and 
preservation of the environment 

Averaged over the globe it 1s easy to 
be complacent about the rate at which 
food production is keeping pace with 
population growth, but several speakers 
pointed out that such averages serve to 
mask local inequalities of distribution 
that are indisputably linked with pur- 
chasing power Professor G Borgstom 
(Michigan State University) explained 
that with some exceptions most of the 
major gains, ın themselves quite 
dramatic advances in agriculture, have 
benefited the satisfied world while the 
hungry world 1s growing relatively more 
hungry Furthermore. although the 
growth rate of fisheries has been keep- 
ing up with population, this increase 
has been associated with a lowering of 
quality, measured by the proportion of 
the catch converted to animal feeds, 
where there 1s an eleven-fold reduction 
in protein yield (Dr S J Holt, Inter- 
national Fisheries Research, Malta) 
Even this growth of the fisheries 1s 
bound to slow down as stocks are over- 
fished—witness the collapse of the 
anchoveta industry in Peru 

The chairman, Dr A Bourne (Lan- 
caster University), argued cogently that 
even now insufficient attention 1s being 
paid to environmental] balance and that 
as a result of intensive agriculture, de- 
forestation, urbanisation and pollution 
man ıs being driven into an environ- 
mental cul de sac with not enough room 
to turn Much of the energy provided 
by the Aswan dam is used for the manu- 
facture of fertilisers to supplement the 
fertility of the Nile delta, which it 
destroyed Deforestation in China has 
long resulted ın excessive loss of sedi- 
ment to the ocean Manis the ultimate 
predator and even the ocean food he 
preys on 1s becoming increasingly pol- 
luted by his frenetic and self-imposed 
industrialisation Modern intensive 
agriculture has interfered with the life 
cycles of nitrofen-fixing’ organisms and 
our only means of replacement involves 


enormous quantities of energy from 
fossil fuels The dangers of emptying 
the natural reservoirs of indigenous 
genetic variability are already becoming 
apparent when we see how narrow 1s 
the genetic basis that plant breeders 
will be able to tap in the future if 
these centres of variability are destroyed 
(Dr J T Wilhams, Birmingham 
University) 

On a more personal level, the prob- 
lems of energy and malnutrition. were 
examined by Professor P V Sukhatme 
(Gokhale Institute, Poona) and Dr E 
Wheeler (London School of Hygiene 
and Tropical Medicine) Protein mal- 
nutrition is endemic in India, not be- 
cause the protein 1n itself 1s 1nsufficient, 
but because the calorie intake 1s too low 
to metabolise ıt In Bihar, for example, 
9*5 of the population had too little pro- 
tein in their diet, but 59% had insuffi- 
cient calories Equalising the energy pur- 
chasing power ıs the answer to malnutri- 
tion here 

It now seems well established that 
vastular disease and constipation are 
the price we pay for Western civilisation 
and the final session of the symposium 
was devoted to the part played by our 
degenerate diet Dr M Crawford 
(Nuffield Institute of Comparative 
Medicine, London Zoo) laid particular 
stress on the importance of lipids in 
the diet, especially linoleic and linolenic 


POLLUTION RESEARCH 


Modest Increase 


Over £12 milion was spent by the 
research councils on pollution research 
in 1971-72 This ıs £181,000 more than 
was spent the previous year These 
figures are revealed in a report, Pollu- 
tion Research and the Research Coun- 
cils, published last week by the five 
research councils 

The collaboration of the research 
councils ın pollution research resulted 
from an enquiry ın 1969 by the Council 
for Scientific Policy into the problems of 
pollution As a result a working party 
was set up with representatives from all 
five research councils first to collate and 
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acids In maternal nutrition, these 
fatty acids may be crucial for the 
developing brain and nervous system of 
the foetus Dr B Feingold (Kaiser 
Medical Centre, San Francisco) des- 
cribed some of his successful treatments 
of children suffering from hyperkinesis 
and learning difficulty with salicylate 
free diets, hypothesising food additives 
as causative agents of this disease 

Finally, Professor D P Burkitt 
(Medical Research Council) and Dr N 
Painter (Manor House Hospital) pre- 
sented evidence for the importance of 
fibre in the diet  Non-infective bowel 
diseases, a scourge of the Western world 
are rarely found in developing countries 
Burkitt developed a convincing argu- 
ment that these diseases are associated 
with increased pressure in the intestinal 
lumen and faecal arrest Cereal fibre, 
high in hemicelluloses, ıs lacking and 
Dr Painter provided the clinical evi- 
dence for putting fibre back into the 
diet By giving bran, he has had remark- 
able success in treating patients for 
diverticular disease 

The drug and food industries and 
the medical profession might heed 
Burkitt's analogy with the overflowing 
sink, too much effort and money 1s 
spent on the mopping up operation and 
not enough on turning the tap off 
Synergy, not dominance, 1s the keynote 
to survival 


examine the relationships of the pollu- 
tion research programmes of the 
research councils and, second, to identify 
opportunities for further liaison and 
joint action by the councils in certain 
aspects of pollution research Since then 
the working party has incorporated 
members from outside the councils and 
it now includes members from industry, 
University and- government departments 
The committee now has it m its remit 
“to advise the government and govern- 
ment sponsored bodies, 1f requested, on 
scientific matters relating to the prob- 
lems of pollution" 

Details of where the money goes is 
shown in the table with the distribution 
in 1970-71 shown for comparison 





Table 1. Direct Pollution Research Expenditure 








y 


Total Total 
Kind of investigation ARC MRC NERC SRC SSRC 1971-72 1970-71 
Survey, monitoring and dispersal 
of pollutants 180 2 132 31 — 345 454 
Effects of pollutants dn man, 
animals and plants 73 245 236 33 2 589 327 
Abatement, reclamation, biode- 
gradation °. 169 8 5 22 — 204 199 
Technological aspects 10 12 5 9 — 36 43 
Information, data gollection, 
data handling, data analysis — — 8 11 11 30 — 
Total 1971—72 432 267 386 106 13 1,204 
Total 1970-71 198 509 221 74 21 1,023 


Totals in thousands of pounds sterling 


NATURE VOL 245 OCTOBER 5 1973 


NEW WORLD 


231 


Nerve Gas—The Army’s Latest Weapon 


by our Washington Correspondent 


ALTHOUGH President Nixon announced, 
in November, 1969, that the United 
States would never be the first to use 
chemical weapons 1n a war, the Depart- 
ment of Defense has carried on an 
extensive research and development 
programme on nerve gases and other 
chemical agents The latest fruit of the 
Armys endeavours, so-called binary 
nerve gas weapons, will be rolling off 
the production lines in about four years 
1f Congress approves and—perhaps more 
important—if the Army gets its way 
with the rest of the armed services and 
the Administration. In any case, the 
Army has already begun to mobilise its 
public relations. forces 
As usual in such matters, a pall of 
secrecy surrounds the details of binary 
weapons But their chief feature 1s 
that they are made from two relatively 
harmless chemicals which form a lethal 
nerve agent only when they are mixed 
together The idea is that the two com- 
ponents would be stored separately and 
they would be loaded into a shell on 
the battlefield As the shell is fired, a 
diaphragm separating the components 
ruptures and the nefve agent is pro- 
duced while the projectile 1s on its way 
The Army is enthusiastic about the 
possible addition to its chemical 
arsenal because binary weapons open 
up the possibility of getting rid of the 
stockpiles of lethal nerve gases that are 
now stored in army depots throughout 
the United States These generate 
public alarm and opposition to the 
entire chemical weapons programme 
But the enthusiasm is not shared by 
everybody, for there 1s concern in some 
circles about the effects of a large new 
United States chemical weapons pro- 
gramme on international attempts to 
ban chemical and biological warfare 
agents In particular, there 1s some 
alarm about the possibility that the de- 
velopment of binary weapons in par- 
ticular will increase the chances of pro- 
liferation of nerve agents not only to 
countries that do not already possess 
them but even to terrorist groups 
Congress has been aware of the 
Pentagon’s binary weapons programme 
for at least four years through testi- 
mony given to armed services and 
appropriations committees But the 
hearings have been held behind closed 
doors and the “sanitised” transcripts of 
the proceedings have contained virtu- 
ally no discussion of the possible impli- 


cations of the programme Last month, 
however, a few members of Congress 
received a note from the Secretary of 
the Army which gave a few details of 
the planned production of binary 
weapons This was the Army’s first 
pitch to get its, programme accepted 
Among other things, the note indi- 
cates that the Army ıs hoping for 
nothing less than the total replacement 
of existing stocxs of nerve gas by 
binaries—a programme several orders 
of magnitude greater than many 
observers were expecting To give some 
indication. of the scope of the pro- 
gramme, a report published by the 
Stockholm International Peace Re- 
search Institute (The Problem of 
Chemical and Biological Weapons, Y, 
1973) estimates that there are between 
15,000 and 20,000 tons of nerve gases 
now stockpiled in the United States 
Specifically, the Army's note says 
that the Pine Bluff Arsenal—a chemi- 
cal weapons facility in Arkansas—has 
been selected to produce one com- 
ponent of a binary munition The 
component will be “similar to chemi- 
cals used by the pesticide industry 
[whose] characteristics closely resemble 
those of an insecticide for home use”, 
and it wil be placed ın a special binary 
shell, also to be manufactured at Pine 
Bluff The second component, which 
will be made by industry, will be loaded 
into the shell on the battleground 
What the note does not say 1s when 
the munition will be produced, how 
much it will cost, what type of nerve 
gas will be generated, or whether open 
air testing will be carried out In short, 
apart from the designation of Pine 
Bluff, the notes says little that is not 
already known 
According to an Army spokesman, 
however, production of binary weapons 
is set for 1977 if Congress comes up 
with sufficient money If past records 
are anything to go by, that should not 
be much of a problem, for Congress 
has so far given the Army everything 
it has asked for to support the pro- 
gramme In the past three years, for 
example, research,and development on 
binary weapons has cost $124 mullion, 
increasing from $29 million in 1971 to 
$5 4 million last yeaz * The nerve agent 
produced in the binary will again 
according to the Spokesman, be non- 
persistent, and another Pentagon 
official confirmed that it would be very 
similar to GB, a nerve gas developed 
in Germany during the Second World 


War (but never used) and now heavily 
stockpiled in the United States GB 
is lethal when inhaled or absorbed 
through the skin 

As far as testing is concerned, it 
should be remembered that the Army 
suffered an embarrassing setback to its 
nerve gas testing programme when, in 
1968, a faulty tank on an aircraft sent 
a cloud of nerve agent outside the test- 
ing area in Dugway, Utah, and killed 
several thousand sheep That incident 
led Congress to pass a bill requiring the 
Secretary of Defense to give at least 
30 days’ notice of impending tests of 
lethal agents Some observers of the 
binary programme have thus been 
waiting for such a notice as a signal 
that procurement of binary weapons 
is 1mminent, particularly since. General 
William Gribble, Chief of the Army's 
Research and Development pro- 
grammes, told the House Armed Ser- 
vices Committee in 1972 that “open- 
air testing with lethal agents will be 
requested to confirm weapon efficiency 
of the binary 155 mm projectile prior 
to procurement” 

The Army is attempting, however, to 
by-pass the testing stage Mr Tom 
Dashiell, a Pentagon official concerned 
with the binary programme, said last 
week that there are no plans to conduct 
open-air tests with lethal agents Con- 
siderable testing has taken place with 
non-toxic binary simulants, he said, and 
such , testing has already proved the 
reliability of the binary concept It is 
also believed that the Army conducted 
at least one test with lethal binary 
weapons before Congress passed the 
1969 restrictions 

As for the military implications of 
the production of binary nerve gas, it 
is perhaps worth noting that in refer- 
ences to the weapons during Con- 
gressional testimony so far, its military 
effectiveness has been scarcely men- 
toned Yet, binaries would be less 
effective than conventional nerve gas 
weapons because hydrogen chloride 
would be produced as a by-product in 
the binary reaction Thus, not only 
would the nerve gas payload per 
weapon be reduced by about 30%, but 
the gas would also no longer be odour- 
less Moreover, since time would have 
to be given for the binary components 
fo react, the weapons could not be used 
at short range or at low altitudes 

The Army is thus gearing up to sell 
Congress on the idea of binary weapons, 
and its public relations is likely to 
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emphasise the safety features of the 
munitions, compared with conventional 
nerve gas weapons An indication of 
the likely campaign comes 1n the note 
to Congress which said that "the binary 
munition offers a major advance in 
safety over current chemical muni- 
tions their development 1s intended 
to obviate the hazards normally asso- 
ciated with the manufacture, trans- 
portation, storage, and disposal of the 
current family of lethal chemical muni- 
tons An Army spokesman added last 
week that binaries "represent a quantum 
jump in safety" 

The timing of the note to Congress 
is also worth noting This week (on 
October 3 and 4) the House Armed 
Services Committee held two days of 
hearings on the storage and transporta- 
tion of nerve gases The reason for 
the hearings was essentially a public 
outcry that has arisen over the storage 
and possible relocation. of nerve gas 
weapons at the Rocky Mountain 
Arsenal on the outskirts of Denver 
The arsenal holds obsolete stocks of 
mustard gas, phosgene and GB in M-34 
cluster bombs which the Army has 
promised to destroy, together with a 
quantity of GB which forms part of 
the deterrent stockpile Since the 
arsenal happens to be near to the 
North-South runway at Stapleton Inter- 
national Airport, Denver residents are 
understandably unhappy and want the 
stuff removed Then, when word 
leaked out that the Army was consider- 
ing shipping some of the nerve gas to 
Tooele Arsenal in Utah, an even louder 
outcry went up The Army has the 
problem under study again, and its 
decision 1s likely to be announced at 
the hearings It will not let a chance 
like that go by, however, for doing a 
little proselytising for its new, safe 
weapons 

So far, since there has been little 
public discussion of binary weapons, 
there has also been little public oppost- 
tion to them When ıt comes, however, 
it 1s likely to take two chief tacks The 
first 1s whether or not the expense of 
making the stockpiles safer is justified 
And the second is the effect of binary 
weapons on international agreements to 
limit the production and spread of 
chemical and biological weapons The 
second argument is undoubtedly the 
more important 

As for the economic aspect, Dr 
Matthew Meselson, Professor of Bio- 
chemistry at Harvard, estimated last 
week that the total cost of developing 
binary weapons and detoxifying exist- 
ing stocks of nerve gas could be as 
much as $500 million He pointed out 
that so far, in spite of widespread publit 
alarm, the Army has a good safety 
record with its nerve gas stocks, and he 
suggested that the money could be 
better spent elsewhere The Army is 


likely to argue, however, that the de- 
velopment of binartes will actually save 
money because there would no longer 
be large costs associated with the main- 
tenance of stockpiles of highly corro- 
sive nerve agents It is estimated, for 
example, that weapons packed with 
conventional nerve gases have a shelf 
life of only about 10 or 15 years But 
Meselson is sceptical of that argument, 
pointing out that the weapons that have 
given trouble—some M-55 rockets and 
M-34 cluster bombs—have been either 
destroyed or are about to be detoxified, 
and maintenance costs of the stockpiles 
will shrink in any case 

The international implications are 
more difficult to predict Although the 
United States has never ratified the 
Geneva Protocol of 1925, outlawing the 
use in war of chemical and biological 
weapons (see box), President Nixon’s 
1969 announcement that the US will re- 
linquish first use of chemical weapons 
and abandon biological weapons en- 
turely—including their production, stor- 
age and use—at least signifies that the 
United States is interested in inter- 


Hope for the Protocol 


by our Washington Correspondent 
ALTHOUGH the United States Army 
1s pushing ahead with plans to de- 
velop a new generation of lethal 
nerve gas weapons (see accompany- 
ing article), some observers of the 
United States’ chemical and bio- 
logical warfare posture believe that 
the time may now be ripe for the 
government to ratify the 1925 
Geneva Protocol on chemical and 
biological warfare The protocol, 


which was negotiated after the ex- 
tensive use of poison gas during the 
First World War, outlaws the use of 
chemical and biological weapons in 
war But the United States has never 
ratified it 


When it was first submitted to the 
Senate for approval in 1926 (all such 
treaties entered into by the US must 
be approved by a two-thirds vote of 
the Senate), the protocol ran into 
opposition from the chemical in- 
dustry and the American Chemical 
Society—which has since reversed its 
stand—and it was never acted upon 
In 1969, however, President Nixon 
made his historic announcement 
that the United States would re- 
nounce the first use of chemical 
weapons in war ånd abandon bio- 
logical weapons completely, the 
following yeap, he again sent the 
Geneva Protocdl to the Senate for 
ratification — Buf 1t then fell foul of 
the Vietnam war 

Largely because the United States 
forces 1n Vietnam were using herbi- 
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national CBW control The develop- 
ment of a new generation of nerve gas 
weapons could, however, damage that 
impression and make the UN Chemical 
Warfare disarmament talks, which have 
just completed their fifth fruitless 
session in Geneva, even more difficult 

Of great concern to some observers, 
is the effect that binary production 
could have on proliferation Nerve 
gas weapons are costly to produce, 
chiefly because of the difficulty of 
building a plant to deal safely with the 
extremely toxic and corrosive chemi- 
cals Production of the binary com- 
ponents for neive agents does not, how- 
ever, carry such a penalty—a country 
with an insecticide industry and some 
leaked American technology would 
probably be able to produce at least a 
binary G-agent, according to Julhan 
Perry Robinson, chief author of the 
SIPRI study (see New Scientist, 58, 4, 
1973) One step further, the develop- 
ment of binary weapons may even 
open up the frightening possibility that 
nerve agents would be within the reach 
of terrorist organisations 


cides and CS, the Administration 1n- 
sisted that such agents are not 
covered by the protocol (The 
British government has taken a 
similar position over CS) But the 
Senate Foreign Relations Com- 
mittee, under the chairmanship of 
Senator J William Fulbright, main- 
tained that such agents do fall 
within the scope of the protocol—a 
viewpoint which was affirmed by the 
UN General Assembly 1n 1969 by 80 
votes to 3—and refused to act on 
it until the Administration altered its 
position Until the Geneva Protocol 
js ratified, however, the United 
States will not ratify a treaty on bio- 
logical weapons which was signed 
last year 

Three factors were suggested last 
week by sources on Capitol Hill and 
in the Arms Control and Disarma- 
ment Agency which may lead to a 
compromise between the Administra- 
tion and the Senate on the matter of 
herbicides and tear gases, however 
The first 1s the ending of the Vietnam 
war. which no longer puts the US 
in the embarrassing position of sup- 
porting CBW control at the same 
time as it 1s using chemical agents 
in war The second is two internal 
reports prepared for the Department 
of Defense which indicate that the 
agents are of only marginal value 
in any case And the third 1s the 
change of leadership in the State 
Department As one Congressional 
source put it, with Kissinger and 
Fulbright Junching together every 
other day, anything can happen 
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Calcium Triggers Release of Packaged Secretions 


Tur mechanism by which neurotransmitters, hormones, 
histamine and other packaged secretions are released from 
cells 1s of great pharmacological importance The release 
follows a specific stimulus, usually depolarisation or 
attachment of a chemical agonist to the plasma membrane 
Evidence has accumulated that in many different systems 
coupling of stimulation and secretion requires the presence 
of calcium tons in the extracellular medium, Ba?! or Sr?! 
but not Mg"! can substitute for Ca In certain situations, 
howevei, this requirement has ngt been demonstrable, 
and the role of Ca"! in stimulation-secretion coupling has 
been doubted by some investigators The possibility 
nevertheless remained that Ca?' might be released from an 
intracellular store analogous to the sarcoplasmic reticulum 
of muscle Such smooth membrane Ca?! storage vesicles 
have a long evolutionary history, since they are present 
in slime moulds, and they may be widespread in animal 
cells To resolve this problem, ways of measuring and 
contiolling the concentrations of Ca?! m the general 
cytoplasm, as opposed to vesicles, are required 

During the past few years, progress has been made in 
estimating cytoplasmic Cat concentrations with the 
luminescent protein aequorin These investigations have 
confirmed that there is an increase in Ca?! in the cyto- 
plasm after membrane depolarisation and preceding muscle 
contraction, and also in stimulated presynaptic neive 
endings which are releasing neurotransmitters Recently 
a calcium ionophore, A23187, which increases the perme- 
ability of membranesto Ca?! , has become available, in the 
presence of the ionophore the concentration of Ca™ in 
the cytoplasm can be varied by altering the concentration 
in the extracellular medium Foreman and his colleagues 
(see page 249 of this issue of Nature) have made use of 


the ionophore to analyse the role of Ca?' in triggering the 
release of histamine from rat peritoneal mast cells When 
peritoneal cells were exposed to A23187, "Ca?! uptake 
was increased and histamine was released in proporuon 
to the amount of Ca’! in the extracellular medium in the 
same concentration range as required foi release by anti- 
body and antigen In the presence of A23187, Sr" in 
the medium also released histamine 

These results suggest that an increase in cytoplasmic 
calcium concentration 1s the normal trigger for release of 
histamine and other pharmacologically active agents from 
mast cells The subsequent events are still speculative 
The interesting parallelism between the ions bringing 
about release of packaged secretions and those triggering 
the contraction of muscle has led to speculations that an 
actomyosin-contractile system- 1n. the peripheral cyto- 
plasm participates in granule release The dependence of 
the release on metabolic energy and its inhibition by cyto- 
chalasin are consistent with this possibility Ca?! 1s known 
to interfere with assembly of tubulin mto microtubules, so 
it seems unlikely that assembly of microtubules 1s required 
for secretion Coordinated action of microfilaments pro- 
viding a motile force and microtubules providing guidance 
could, however, occur 

Since the concentration of Ca? in the cytoplasm may 
be an important regulator, not only of the actomyosin 
system, but also of other reactions such as the assembly 
and breakdown of microtubules in cell division and 
aclivation of certam enzymes, the discovery of an iono- 
phore by which the concentration of calcium in the cyto- 
plasm can be varied 1s likely to have many applications 
m cell biology 

From a Correspondent 


When did Plates Start Breaking Up? 


Onc of the central pillars of geology is the doctrine of 
uniformitarianism, which goes back to the 1830s and 
Lyell The concept that geological processes have been 
of much the same intensity throughout the whole of 
geological time is very simple There 1s wide consent 
on uniformitarianism and whatever controversy 1t raised 
in the nineteenth century, when catastrophism was its 
rival, 1t 15 taken for granted now Which makes it fascinat- 
ing when geologists suddenly find that they have been 
using 1t unthinkingly and perhaps mistakenly 

When plate tectonics was first proposed, it was clear 
that in. some parts of the Earth continental plates are. 
colliding with each other Such a process 1s going on at 
present along a complicated belt of orogeny or mountain 
building from the Alps to the Himalayas Since today 
separate continental fragments can be seen being welded 
together, the natural reaction 1s to suppose that similar 
plate tectonics concepts have always applied and that 
continents as they are at present have been put together 
by a steady process of mosaic building Of course, the 


* 


process is not entirely one of building because there are 
break-up processes—rift formation—going on simul- 
taneously The question 1s whether these activities have 
been going on since the beginning of geological time and 
obviously the complexity of unravelling the past gets 
greater the further back one tries to go 

Piper, Briden and Lomax in this issue of Nature (page 
244) find a neat way to answer the question without having 
to do any of the unravelling The Precambrian area of 
Africa has a pattern of stable blocks between which 
are orogenic belts These belts, on a plate tectonic 
interpretation, are ancient convergent zones—‘Precam- 
brian Himalayas” There are, however, some geological 
geasons to doubt this explanation and to suggest that the 
belts are ensialic—that 1s, that they have their origins in 
continental rocks  * 

Piper et al test these hypotheses by using palaeo- 
magnetic data They construct polar wander paths for 
the blocks separately and show that ın the Precambrian 
the poles for the separate blocks follow rather similar 
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paths The same is true when South 
America 1s included in the analysis 
The inference is quite strongly that 
Africa and South America behaved as 
a unit for the whole of the Precam- 
brian, and indeed the authors bring 
forward some rather less compelling 
evidence that North America belonged 
to this unit until about 1,000 million 
years ago 

There aie two fairly simple conclu- 
sions to be brought out of this first, 
that orogenic belts do not necessarily 
form only during continent/continent 
collisions, and, second, that for much 
of the geological past a layer fraction 
of the continent of the world was not 
subject to rifting This raises the in- 
triguing possibility that ıt might be 
feasible to date (give or take a few 
hundred million years) the start of 
plate tectonics as it is known Before 
that time one would have to assume 
that either plates as thin ‘boundary 
layers did not exist or that somehow 
rifting was not a normal occurrence 
m tectonics , An amusing twist to 
uniformitarianism DD 


HAEMOGLOBIN 


Quaternary T, Tertiary r 


from a Correspondent 


INiERESr 1n the details of the structural 
differences between unligated high-spin 
deoxyhaemoglobin in the T (tense) state 
and the ligated oxy and met derivatives 
in the R (relaxed) sfate continues to 
stimulate further investigations Ander- 
son (J molec Biol, 79, 495, 1973) now 
describes a technique foi obtaining 
crystalline methaemoglobin in the 
deoxy quaternary conformation, that 1s, 
with the tertiary structure in the met or 
r state, and with the quaternary structure 
in the deoxy or T state (the upper and 
lower case letters here denote quaternary 
and tertiary states respectively) AS 
Anderson points out, a better stereo- 
chemical understanding of the path- 
way(s) by which conformational changes 
take place requires crystallographic 
studies of stable intermediates Mutant 
human haemoglobins of the M type, 
in which the quaternary structure 1s 
locked because two of the four haems 
remain permanently in the met (r) state, 
have been useful in studies of the effect 
of hgand binding on the o or f subunits 
in the absence of a change in quaternary 
structure Similarly BME-Hb, in which 
a bifunctional reagent has formed a 
covalent cross-link between the Cys(93) 
and His(97) residues of each f chain, 
1s locked permanently into the oxy (R) 
state : 
Anderson's new approach is to intro- 


duce an acrylamide monomer into the 
water space of the human adult deoxy- 
Hb crystal by co-crystallisation, fol- 
lowed by photochemical polymerisation 
of the monomer inside the crystal, in the 
hope that the polymer would clamp 
the molecule in its o1ginal T quaternary 
structure, while allowing small, tertiary 
movements on ligand binding Air 
oxidation of these deoxy-acryl crystals 
does indeed give met-acryl (T, t—r) 
crystals suitable for X-ray diffraction 
studies, 1n striking contrast to the break- 
ing up of Hb-A crystals which normally 
follows changes in the ligation state 


X-ray analysis of these crystals to 
35 A resolution by the difference 
Fourier technique :evealed marked 
changes in tertiary structure in the 
region of the haem pockets and the oj, 
contacts between the subunits ‘The iron 
atom moves towards the plane of the 
porphyrin, though probably not the 
full distance of 045 A which ıt moves 
in the deoxy (T) to met (R) shift The 
even larger movement (nearly 075 A) 
of the iron atom, almost into the haem 
plane, found for CO (R) haemoglobin 
cannot be observed in this constrained 
T state system because the crystals break 
up, presumably because of a transition 
to the R state, despite the presence of 
the polymer ın the crystal lattice Move- 
ment of the iron atom causes a change 
in tilt of the haem This acts as a lever 
which initiates stereochemical changes 
weakening several hydrogen bonds, both 
within. and between subunits, which 
determine the stability of the tertiary 
and quaternary deoxy structures The 
later ligand of the r state ferric subunits 
causes a slight opening of the haem 
pocket in the œ subunit and a much 
larger one in the 8 subunit 

The structural changes seen by Andei- 
son 1n changing from the tertiary deoxy 
(t) to the aquomet (r) state within the 
quaternary T structure are similar but 
opposite to those seen by earlier workers 
in changing from the aquomet (r) state 
to the deoxy (t) state in the quaternary 
R structure of BME haemoglobin 
Thus changes in tertiary structure asso- 
ciated either with addition of ligand to 
the T structure or the removal of ligand 
from the R structure are complemen- 
tary The electron density maps show 
that the o haems autoxidise more readily 
than the 8 haems, just as the 6 haems 
were reduced more easily than the « 
haems in BME haemoglobin 

Anderson's results support many of 
Perutz's earlier 1deas about the mechan- 
ism of haem-baem interaction They 
confirm that changes in tertiary structure 
on ligation are S econsequence of the 
contraction of the 1ron-nitrogen bonds 
and also, especiallf in the B subunits, 
of the steric effect of the ligand itself 
The differences in the roles of the two 
types of subunit contact are also evident 
The œb, interface, although showing 
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lage collective movements, seems to 
be an essentially passive contact, as 
there 1s no evident set of movements 
linking @ and 8 haems across ıt By 
contrast, in the a8, interface the smaller 
number of relative movements are con- 
centrated on individual side chains A 
series of interactions can be seen involv- 
ing residues in van der Waals contact 
with aw and 8 haems and mediated 
between subunits by a specific rearrange- 
ment of hydrogen bonds Although the 
conclusions drawn from the X-ray study 
of the met-acryl (T, r) crystal must be 
regarded as tentative for several reasons, 
Anderson suggests that the major role 
of the œf, interface in determining 
quaternary structure now seems to be 
wéll established 


BACTERIA 


Computer Identification 


from a Correspondent 


TAXONOMY may be divided principally 
into classification, nomenclature and 
identification Computerised classifica- 
tion based on the results of a large num- 
ber of characteristics of individual bac- 
terial strains has been developed, initially 
by Sneath Taxonomic groups (taxa) 
are then chosen which contain bacteria 
with the greatest similarity of charac- 
ters Names are then assigned, accord- 
ing to an International Code, to the taxa 
An unknown strain may then be identi- 
fied by comparison with known, named 
taxa using a few diagnostic characters, 
often in the form of a key 

This identification stage has now been 
automated by the Computer Trials 
Department at the Central Public Health 
Laboratory, Colindale (J gen Miao- 
biol, 77, 273, 1973) The department 
has been building up this system since 
1967 and it has based its evidence on 
trials of 1,595 bacterial strains, 1,079 of 
which were reference strains and the 
remainder mostly strains sent for identi- 
fication by the Public Health Laboratory 
Service These were strains which the 
PHLS laboratories had had difficulty in 
identifying, and which a large central- 
ized laboratory could more easily deal 
with 

The groups chosen as the known taxa 
in the system were made up from those 
bacteria known to be found in medical 
Specimens, those strains considered 
pathogenic and a few other strains The 
bacteria were all Gram-negative and rod- 
shaped The forty-eight characters or 
tests chosen for the survey were those 
which were considered the most reprodu- 
cible and easiest to prepare, carry out 
and read The range of the tests chosen 
included many of the objective, bio- 
chemical tests used in medical bacterio- 
logy laboratories 

The method used for identification 
was polythetic—that 1s, organisms shar- 
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ing the most features were grouped 
together—and also simultaneous An 
unknown strain was compared on the 
forty-eight characters simultaneously 
with all the stored taxa to obtain identi- 
fication in one step A table (matrix), 
which gave the probability of a strain, 
In any given taxon, giving a positive 
result in each of the tests, was first con- 
structed When all strains in a taxon 
were positive for any particular charac- 
ter, a value of 099 was allotted and a 
corresponding value of 001 was allotted 
when all results were negative This 
prevents a single aberrant test result 
from precluding all possibility of identi- 
fication with otherwise suitable taxa 
Unknown individual strains were then 
tested and identified on the basis of the 
results 


The likelihood that any unknown 
strain 1s a member of a particular taxon 
has been defined as the probability that 
a member of that taxon would give the 
same results as those for the unknown 
For each strain 1n the study to be identi- 
fied, a computer printout was produced, 
this included reference data on the 
Strain, a list of the tests performed and 
the results obtained, if the strain was 
successfully identified, a list of the likely 
taxa to which it belonged, ranked 
according to their identification scores, 
was punted If a strain failed to identify, 
then a lst of further tests, necessary 
for successful identification, was 
compiled 


The computer department’s results 
show that about 90% of all the identzfi- 
cations agree with conventional 
methods, this demonstrates the potential 
success of the system, because many of 
the reference strains are unusual and 
the Public Health Laboratory Service 
Strains were those which had already 
caused some difficulty Some misidentifi- 
cations which did occur were almost 
always due to the absence of taxa for 
identifying the unknowns, because there 
had to be a finite limit to the choice of 
known taxa ın the matrix For routine 
series of strains, that 1s, not selected 
because they are atypical, the authors 
believe that approaching 100% would 
identify correctly 


This study has shown the value of a 
central service, which can deal with rare 
and unusual strains 1n a quick, standard 
and reproducible way and to save time, 
labour and money There is evidence 
that fewer tests need be performed than 
In conventional work It has also 
demonstrated that a computer can store 
large amounts of data for identification 
and test selection, which 1s readily avail- 
able as printout for detailed, cumula- 
tive reports The potential of the sys- 
tem, perhaps by hnkage to other auto- 
mated apparatus, has yet to'be fully 
realised, but, by itself, ıt is an essential 
taxonomic application 


IMMUNOLOGY 


Tumours and T Cells 


from a Correspondent 


VARIOUS devices are known for the 
production and maintenance of mice 
which are numerically deficient in 
lymphocytes of thymic origin (T cells) 
Neonatal thymectomy was the first to 
be recognised but it has the disadvantage 
that the few babies which survive are 
often sickly  Congenitally athymic mice 
are currently popular but they are ex- 
pensive and difficult to maintain Mice 
thymectomised as adults and sub- 
sequently irradiated have often been 
used, however, and their viability 1s 
usually satisfactory Woodruff and his 
colleagues now describe (Proc R Soc 
Lond , B184, 97, 1973) the use of such 
deprived mice to explore the nature of 
antitumour immunity 

Three transplanted tumours were 
used The first, a CBA-strain sarcoma, 
was grown in normal and deprived GBA 
mice Its growth rate was slower in 
deprived than in normal mice — This 
implies that there was no effective 
resistance to tumour growth on the part 
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of the host which involved 'T cells 
Furthermore, injection of heat-killed 
Corynebacterium parvum inhibited 
tumour growth in both groups of mice 
The authors conclude that in this 
instance whatever resistance to tumour 
growth there was had been exerted by 
macrophages stimulated by the adjuvant 
The second tumour was an A-strain 
mammary carcinoma grown in normal 
and deprived A-strain mice Again 
growth in the deprived mice was if 
anything slower than ın normal animals 
and again C parvum had an inhibitory 
effect on tumour growth ın both groups 
of animals 

The third tumour was an A-strain 
fibrosarcoma which was grown as 
an allogeneic transplant im normal 
and deprived CBA mice and as a 
syngeneic transplant in A-strain mice 
(It would have been of interest to have 
a record of the growth of this tumour 
in deprived A-stram mice) It grew 
slowly but progressively as an allotrans- 
plant in normal CBA mice but rapidly 
in deprived CBA animals Its growth 
rate in deprived CBA mice was equiva- 
lent to its growth rate m normal A- 
Strain mice No record is made of any 
attempts to influence the growth rate 





Actin and Myosin in Non-muscle Cells 


IN spite of its undoubted importance, 
the tale of actin and myosin in non- 
muscle cells has been over-long in the 
telling What was new and exciting 
im amoeba and platelets has become 
progressively commonplace, as the list 
of animal cells to yield myosin-like 
A'TPase activities or decorated filaments 
has grown Moreover, the proteins 
themselves, with one conspicuous excep- 
tion, have turned out to be strikingly 
similar to their counterparts 1n. muscle 
cells 

So it may be with some hope of 
variety that biochemists are now turning 
to the other components of muscle 
Proteins such as tropomyosin, troponin 
and actmin, which are present in the 
myofibrils and which regulate or hold 
1n place the contractile events, could all 
have in non-muscle cells a relative which 
helps to harness the same force-generat- 
1ng machinery to the particular require- 
ments of the cell 

Not surprisingly, the first of these 
proteins to be looked for 1s tropomyosin, 
a distinctive protein whose ease of purifi- 
cation and remarkably high content of 
a helix made it an early favourite with 
X-ray crystallographers In muscle, this 
protein is thought to provide rigidity 
to the actin filaments and to mediate 
the regulation by cakcefum of the actino- 
myosin interaction, Neither of these 
functions 1s obviously necessary to other 
systems, and so it was interesting. to 
learn, a year ago, from Cohen and 
Cohen (J molec Biol, 68, 383, 1972) 


for blood platelets, and now from Fine 
et al for embryonic brain and neurones 
(see Nature New Biology next Wednes- 
day (October 10)), that these tissues also 
have a form of tropomyosin 

The new proteins resemble muscle 
tropomyosin in most of their properties 
—notably in their high content of «a 
helix and consequent resistance to de- 
naturation, and in their ability to func- 
tion in the calcium regulation of muscle 
—but they differ in one important 
respect The length of the rod-shaped 
muscle tropomyosin molecule as gauged 
from its periodicity in paracrystals 1s 
about 400 A, which is long enough for 
it to lie in the groove of an actin filament 
alongside seven subunits The new pro- 
teins have both lower molecular weights 
(30,000 as opposed to 35,000) and 
reduced periodicity in paracrystals (340 
A) so that, other things being equal, 
they are able to span only six actin 
monomers 

The finding of non-muscle tropomyo- 
sins, of course, raises more questions 
than it answers What most cell bio- 
logists will hope not to see, after the 
experience with actin, 1s an extensive 
series of papers which show the pre- 
sence of tropomyosin-like molecules in 
every conceivable cytological niche It 
would be best to assume that a protein 
that 1s present ın both blood platelets 
and nerve cells 1s likely to be of wide- 
spread distribution, and concentrate on 
the important question of what it does 
in the cell 
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of the A-strain fibrosarcoma with 
C panum 

These simple experiments illustrate 
that tumours growing in their host of 
origin do not necessarily engender that 
immunological antipathy im the host 
lymphoid system which can easily be 
demonstrated against malignant foreign 
grafts Furthermore, the adjuvant 
bacterium, C parvum, need not neces- 
sarily be thought of as a T-cell stimulant 


CELL BIOLOGY 


Tubules and Filaments 


~ -from a Correspondent 


BIOLOGISIS with a wide range of back- 
grounds met to discuss the structure and 
function of microtubules and microfila- 
ments at the York meeting of the British 
Society for Cell Biology on September 
20 and 21 A Fore: (York University, 
Ontario) opened the meeting by present- 
ing evidence that actin-like microfila- 
ments interact with microtubules and 
speculated that these two components 
act like ‘muscle’ and ‘bone’ respectively 
He drew attention to the clear zone 
around the outside of microtubules, and 
this feature was also present in the 
electron micrographs of seveial other 
speakers Very little seems to be known 
about the structure and function of this 
zone, but 1t seems to be of sufficiently 
regular appearance to merit more study 

At the biophysical level, there seemed 
to be reasonable agreement between 
several speakers (D Chasey, University 
of Edinburgh, E O'Brien, King's Col- 
lege, London, L Amos and R Linck, 
MRC Laboratory of Molecular Biology, 
Cambridge) that, at least in the case 
of some ciliary microtubules, the struc- 
ture is built up from a 3 start, 13 fold 
left handed helix and it seems from 
preliminary evidence of O’Brien that 
in vitio reconstructed microtubules may 
have a similar structure The study of 
the ultrastructure of microfilaments 1s 
technically even more difficult than that 
of microtubules, but D Gilbert (King’s 
College, London) demonstrated that 
neurofilaments from a marine worm are 
protein o helices supercoiled into several 
higher order helical forms Research 
on microfilaments 1s 1mpeded because 
of the lack of a specific disruptive agent 
equivalent to colchicine in the study of 
microtubules Early optimism of some 
workers that cytochalasins may have 
specific effects on microfilaments seems 
to be fading, to judge by the discussion 
after a contribution from J C Appleton 
and R B Kemp (University College of 
Wales, Aberystwyth) showing effects of 
cytochalasin A on cell aggregation 

M Jacobs (King's College, London) 
described a careful study of the exchange 
reactions between the two*nucleotide 
binding sites en the tubulin dimer, the 
significance of transphosphorylation 


between the sites during microtubule 
assembly does not seem clear W W 
Franke and J Stadler (University of 
Freiburg) have extended their work on 
colchicine-binding properties of mem- 
brane fractions and find that such bind- 
ing may be distinguished from that of 
tubulin on several grounds, including 
binding of Iumicolchicine 

Several workers approached the 
problem of interaction between micro- 
tubules J Cachon (Villefranche-sur- 
mer, paper read by M Sleigh) provided 
a possible explanation of complex micro- 
tubule patterns in the axopods of radio- 
larians in terms of different tubules 
being ‘divalent’ or ‘trivalent’ in their 
binding properties for other micro- 
tubules J Tucker (University of St 
Andrews) extended this discussion by 
speculating on the roles of templates 
and nucleating sites, as well as self 
assembly links, in the formation of 
microtubule arrays Several factors can 
be involved in one organelle A C 
Crossley (University of Sydney) pre- 
senéed evidence that microtubules can 


interact over considerable distances 
(around 800 A) during myoblast de- 
velopment 


The potential value and difficulties of 
genetic approaches to microtubule for- 
mation were reviewed by J R Warr 
(University of York), who argued that 
mutants resistant to anti-mitotic agents 
may provide useful tools for such 
studies In contrast with the situation 
in mammalian cell cultures, colchicine 
resistant mutants in Chlamydomonas 
seem not to be simply mutants with 
permeability defects and consequently 
may have microtubule defects 

Two botanists, A W Robards (Uni- 
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versity of York) and L Goosen-de-Roo 
(Leiden), were in broad agreement with 
Forer who earlier suggested a structural 
rather than a contractile role for micro- 
tubules Goosen-de-Roo presented a 
careful series of electron micrographs 
which support the proposition that rows 
of microtubules act during thickening 
of tracheary elements by forming 
barriers to guide vesicles to required 
locations 


PALAEOBOTANY 


Flora of Siberia 


from our Soviet Correspondent 


THE first detailed results have been pub- 
lished (Dokl Akad Nauk SSSR, 209, 
1464, 1973) of the pollen and spore 
content of the stomach of the frozen 
remains of a horse found in a mine of 
the Selerikan basin in Yakutia (Siberia) 
in December 1968 The remains were 
dated to an absolute age of 37,000 years 
by the Laboratory of Absolute Geo- 
chronology at Leningrad University, a 
date confirmed by a contro] determina- 
tion by Professor | Harrington of the 
National Museum, Ottawa 

The pollen and spore analyses were 
carried out at the Komarov Botanical 
Institute of the Academy of Sciences of 
the USSR Although further, more 
detailed, pollen analysis 1s still in pro- 
gress, results to date show that the 
Selerikan horse may prove as significant 
for an understanding of the palaeo- 
botany of Siberia as did the Beresovka 
mammoth Like the Beresovka find, 
the Selerikan hore reveals an ecologi- 
cal picture typical of present-day Siberia 
So far, seventy-two different types of 





X-ray Structure of Antibody 


THE first X-ray structure determination 
of the Fab’ portion of an immuno- 
globulin of known antigen specificity 
has been accomplished by Padlan, 
Segal, Spande, Davies, Rudikoff and 
Potter at a resolution of 45 A and 
appears in Natine New Biology next 
Wednesday (October 10) 

As with chymotrypsin, lysozyme, 
and so many other proteins, 1t transpires 
once more that the molecule is made 
up of two globular halves of roughly 
the same size, each of them ın this case 
being in turn subdivided into two do- 
mains This of course accounts well for 
the four structural elements known to 
make up the Fab’ fragment, namely the 
variable and constant parts of the light 
chain, and the corresponding variable 
and constant pagts of that portion of 
the heavy chain (Fd) with which the 
hght chain makes gontact These four 
parts can be regarded as centred on the 
vertices of an elongated tetrahedron, 
with dimensions of 40x 50x 80 À 

'The other interesting result, which 


emerges from difference Fourie: maps, 
is the location of the binding site of 
phosphorylcholine, the specific hapten 
of this myeloma immunoglobulin Com- 
petition experiments have allowed the 
authors to distinguish between a non- 
specific site, located on the surface of 
the molecule in the constant region, 
and the true antigenic binding site 
Again, as repeatedly found in enzymes, 
the striking feature of the specificity site 
1s its location at the bottom of the deep 
cleft which divides the molecule into its 
domains In the case of the 1mmuno- 
globulin the site 1$ sandwiched by the 
two masses making up the variable 
region and formed by elements of both 
light and heavy chains 

The absence of any 1mportant features 
in the difference map, other than the 
peaks corresponding to the ligand itself, 
is taken to indicate that the attach- 
ment of the hapten is not accompanied 
by any large conformational readjust- 
ments, such as occurs in allosteric species 
as, for example, haemoglobin 
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pollen have been identified, predomi- 
nantly herbiage (Graminiae, Cyberaceae, 
Caryophyllaceae, Ranunculus, Rosa- 
ceae and Compositae) amounting to 
809% of the whole, with smaller quan- 
tities of spores (113%) and the pollen 
of shrubs and trees (78%). Taking into 
account the known feeding habits of 
horses, these results suggest a meadow- 
type terrain, interspersed with bushes 
and shrubs, the leaves and shoots of 
which were consumed together with the 
herbiage 

The presence of pollens and spores 
from different ecological groups suggests 
that shortly before its death the horse 
had been ranging over different types 
of habitat—dry regions, mesophytic 
meadowland and damp riparian areag 
It 1s noteworthy that the pollen grains 
of all types of plants, both mono- 
cotyledons and dicotyledons, were well 
matured, indicating that the horse 
perished in late summer Since the 
Beresovka remains suggest an early 


summer dating, a slightly different-eco>~ 


logical pattern between the two-finds, 
irrespective of place or date, ıs to be 
expected, due to seasonal variation, and 
it will be interesting to see what differ- 
ences further analysis may reveal 

Almost all the plants represented by 
the Selerikan find are still indigenous to 
northern Yakuta The exceptions 
were a few grams of conifer pollen, 
notably Picea obovata It 1s very pos- 
sible, however, that these represent 
wind-blown pollen from the south that 
had settled on the grass and been inges- 
ted with it, rather than a part of the local 
flora ° 


PHYSICAL METALLURGY 


Order-disorder in Alloys 


from our Materials Science Correspondent 


THE order z disorder transformation 
in alloys was the theme of an inter- 
national symposium of metallurgists and 
physicists at Tubingen University from 
September 3-5 The proceedings, 
organised by Drs H Warlimont and 
W Pitsch of the Max-Planck Gesell- 
schaft, were largely concerned with the 
behaviour of solid solutions such as 
Cu;Au, Fe,Al, FeCo, Ni,Mo, CuPt, 
which share the characteristic that at 
high temperatures the atomic distribu- 
tion 1s wholly or almost wholly random 
but becomes ordered below a critical 
temperature The distinguishing feature 
of the occasion was the emphasis placed 
on the statistical mechanics of the order- 
ing process and also on its crystallo- 
graphic and metallographic details, on 
the other hand the resultant changes in 
properties, especially mechanical ones, 
occupied a subordinate role 

The central concept 1n terms of which 
the ordering transformation has long 
been analysed 1s the interaction energy 


between first or second nearest neigh- 
bours, a variable which depends on the 
chemical identity of the neighbours The 
interaction energies determine the extent 
of short-range ordering, the value of 
the critical temperature and the nature 
of the ordered “superlattice” Less 
directly, they determine ordering kinetics 
and also the form of the associated phase 
diagrams, that 1s, maps of the ordering 
behaviour of off-stoichiometric and two 
phase alloys At the conference, sub- 
stantial progress was reported on each 
of these fronts Thus D de Fontaine 
and H Yamauchi (University of. Cali- 
fornia, Los Angeles) were able to con- 
struct a novel theory of ordering kinetics 
in terms of pair-site probabilities 
(directly related to interaction energies), 
and a group led by W. Pitsch (Max- 
Planck Institut fur  Eisenforschung, 
Dusseldorf) has made much progress 
in predicting phase diagrams in terms 
of interaction energies C M van Baal 
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(Delft University of Technology) is 
also effectively active in this field 
Physicists would also like to be able to 
move backwards to even greater gener- 
ality by understanding neighbour inter- 
action energies in terms of electronic 
characteristics of the constituent atoms 
and of the elastic and bond-theoretical 
characteristics of the crystals, but on 
this very difficult cluster of problems 
little progress was reported, and indeed 
none 1s on the horizon One feature 
which 1s becoming clear, though, 1s that 
two-particle interactions are too 
simplistic an approach, For instance, 
P Clapp (Ledgemont Laboratory of the 
Kennecott Copper Corporation, Lexing. 
ton) showed convincingly that the pecu- 
liar ordered structure in CuPt can only 
be understood in terms of four-atom 
group interactions 

A generalised theory of superlattice 
types, by A A Smirnov (Ukranian 
Academy of Sciences, Kiev), was out- 


More Suppressor T Cell Effects 


SINCE the realization by at least some 
cellular immunologists that the sequence 
of cellular events following injection of 
an antigen should not be thought of 
as involving the linear differentiation 
of a single cell type, the fun has been 
fast and furious Well-grown notions 
of six or seven years standing (the 
exact time depends upon the starting 
point) are those of T lymphocytes (of 
thymic origin) and B lymphocytes (not 
of thymic origin) Inevitably various 
categories of T and B cells have been 
proposed, the macrophage has been 
dragged ın and real enthusiasts have 
sought to embrace the mast cells, 
eosinophils, and sundry other cells 
One of the latest and more entertaining 
manoeuvres has been the creation of 
the suppressor T cell and this is the 
subject of a communication by 
Okumura and Tada in Nature New 
Biology next Wednesday (October 10) 

Adult donor mice were 1njected twice 
with either sheep or horse erythrocytes 
Two weeks after the second injection 
they were killed and their spleens and 
thymuses were prepared, separately, for 
injection into recipient mice These 
recipient mice were immunised once or 
twice with heavily dinitrophenylated 
horse red blood cells (DNP-HRBC) plus 
a pertussis adjuvant The transfer of 
cells from the donor mice into the 
recipients was made at the time of either 
the first or the second immunising 
injection of DNP-HRBC It was found 
that when the donor cells derived from 
an HRBC immunised mouse—that is, 
the carrier which 1s hómologous to the 
carrier of DNP—the anti-DNP response 
was much suppressed, whereas cells 
from the heterologous carrier (SRBC) 
immunised donors had little or no such 
suppressive effect 


It did not matter whether the suppres- 
sive cells were culled from the thymus 
or the spleen of donor mice but in either 
instance their inhibitory effect could be 
abolished by incubation with anti-0 
antiserum and complement before 
transfer The conclusion from this last 
procedure is that the suppressive effect 
is exerted by T cells The authors 
remark that cells within the thymus are 
not normally regarded as susceptible of 
immunological activation The specific 
suppressive effect of cells harvested from 
the thymuses of their donor mice does, 
however, suggest that in some circum- 
stances the thymus should be thought 
of as directly involved m immunological 
responses 

The interest of experiments of this 
kind les, first, in consideration of 
whether similar ‘T’ cell suppressor 
effects occur 1n intact animals during the 
course of less controversial immuno- 
logical responses and, second, in specu- 
lation as to the identity of the suppres- 
sive mechanism No evidence 1s offered 
in the present experiments as to how 
the injected donor cells responded to 
their third contact with HRBC but other 
work suggests that T-cell activation 1s 
a prerequisite of expression of suppres- 
sor function 

The present experiments of Okumura 
and Tada record a suppressive effect 
of T cells on B cells which 1s measured 
by an anti-hapten response and 
although it is not explicitly stated 
there was presumably a suppression of 
the anti-carrrer response In a recent 
issue of Nature (244, 195 , 1973) other 
suppressed targets of activated T cells 
were alluded to These cells certainly 
seem equipped to perform doth positive 
and negative regulation of immunologi- 
cal processes 
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lined in abstract in the programme it 
seemed to be an interesting development 
of M. J Richards and J Cahn’s recently 
published theory The paper was, how- 
ever, withdrawn and Smirnov did not 
come Several other Soviet contribu- 
tions were also withdrawn, but more 
serious—in view of the extensive and 
important Soviet involvement in this 
field of metallurgy—only one Soviet 
participant was able to join the con- 
ference early on, several others turned 
up on the last day, having thereby 
wrought havoc on the programme This 
happened in spite of two years of pains- 
taking correspondence by the organ- 
isers with the Soviet Academy of 
Sciences It seems that even so august 
an official body as the academy carries 
no weight with the even more august 
functionaries who issue passports and 
^ thus dominate the movements of their 
compatriots 

The metallurgical and physical aspects 
of the conference converged 1n the ses- 
sion devoted to ordering mechanisms 
The long standing debate between the 
adherents of  nucleation-and-growth 
mechanisms and those favouring a 
homogeneous ordering mechanism was 
not brought any nearer to resolution by 
this occasion, but several interesting 
contributions (both experimental and 
theoretical), notably those by A G 
Khachaturyan (Institute of Metallo- 
graphy and Metal Physics, Moscow) and 
by P Eurin and colleagues (Centre 
d'Etudes Nucleaires, Grenoble), dealt 
with the microstructure of alloys (such 
as CoPt) in which minute differently 
oriented domains are formed in such a 
way as to minimise internal stresses The 
associated theory 1s also vahd for age- 
hardening alloys containing Gumer- 
Preston zones, and interesting progress 
may be looked for here  Eurin's paper 
was one of a large number of French 
contributions which reflected the high 
level of experimental activity 1n France 
on various aspects of order ın alloys 

Several interesting contributions were 
devoted to experimental study of order- 
ing kinetics and the light cast thereby 
on ordering mechanisms An unusual 
approach was that by D Morris, F 
Besag and R E Smallman (University 
of Birmingham), who, by an ingenious 
procedure, have studied the disordering 
characteristics of the classical alloy, 
Cu,Au, their approach allowed degree 
of order and domain size to be varied 
independently 

Perhaps the most novel part of the 
conference was the session devoted to 
order 1n interstitial alloys In particular, 
M Hirabayashi and colleagues (Untver- 
sity of Tohoku, Senda: presented full 
experimental findings on solutions of -O, 
Hand D in Ti, Zr and Hf Over broad 
composition ranges, there are multiple 
stages of interstitial ‘ordering as the 
temperature ıs lowered M A Pick 


and colleagues (Institut fur Festkorper- 
forschung, Julich) presented a thorough 
experimental study of interstitial order- 
ing of hydrogen in mobium These 
two investigations in turn related to 
studies by S Iyima and J M Cowley 
(University of Arizona) on ordering of 
planar defects (“shear planes") in off- 
stoichiometric transition metal oxides 

1t 1s Just beginning to be recognised that 
this ordering 1s a function not only of 
composition (that has been recognised 
for several years) but also of tempera- 
ture The drawing of parallels between 
previously disparate fields, such as inter- 
stitial ordering and shear-plane order- 
ing, was one of the achievements of the 
conference Just about the only form 
of ordering not ccvered was that in 
organic systems, such as the molecular 
ordering im anthracene-based solid 
solutions, recently discovered by P M 
Robinson and H G Scott (University 
of Melbourne) 


THE EARTH 


Bumpy Asthenosphere 


from our Geomagnetism Correspondent 


IN the days when only a few geo- 
logists believed in the large-scale hori- 
zontal movements implied by continental 
drift, their colleagues could neverthe- 
less quite happily accept that large areas 
are uplifted and subside from time to 
time To most people, the concepts of 
vertical and horizontal motion were 
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independent, and there seemed to be no 
inconsistency in accepting one while 
denying the other Indeed, some of the 
Earth scientists who still do not accept 
the tenets of plate tectonics go so far as 
to claim that the vertical movements of 
continents are incompatible with drift 
This ıs, of course, an extreme and 
minority view, yet even most drifters 
would probably suppose vertical and 
horizontal motions to be unrelated, 
because it has generally been assumed 
that plates move over an asthenosphere 
with a level or constantly sloping upper 
surface 

But this last assumption has now been 
questioned by Menard (J geophys Res, 
78, 5128, 1973), who argues instead that 
the surface of the asthenosphere undu- 
lates One consequence of this is that 
as the lithosphere drifts over the astheno- 
spheric ‘bumps’ it will rise and fall The 
vertical movement of large areas of 
continent and ocean floor thus becomes 
a necessary result of horizontal motion, 
and Menard suggests that the absence 
of epeirogenic uplift, subsidence, normal 
faulting and volcanism would even be 
reason enough to question the reality of 
lithospheric drift 

The idea of a bumpy asthenosphere 
1s not strictly new with Menard Accord- 
ing to Faure (C r hebd Séanc Acad 
Sci, Paris, D265, 3239, 1971), for 
example, the African sedimentary record 
suggests the passage of an epeirogenic 
wave of height 1-10 km, wavelength 
100-2,000 km and period 107-10? yr 





Ribosomal Genes in Species of Bean 


Ir is well known that in higher plants 
there 1s a wide variation in the amount 
of nuclear DNA, even after corrections 
for polyploidy In the genus Vicia, for 
example, Vicia faba has between five and 
seven (according to report) times as 
much nuclear DNA as Vicia sativa, al- 
though they have the same diploid num- 
ber of chromosomes Two models 
attempt to explain how this extra DNA 
1s arranged within the chromosomes, 
one suggests that the DNA increases in 
bulk by the thread becoming longer, and 
the other explains the 1ncrease by 
parallel (lateral) expansion, resulting in 
multisttanded chromosomes There is 
good evidence for both models which 
are not, ın any case, mutually exclusive 
The lateral multiplication model makes 
the prediction that a two-fold (say) 1n- 
crease 1n DNA should result in a two- 
fold increase in gene dosage 

In Nature New Beology next Wednes- 
day (October 10), Maher and Fox test 
this prediction by measuring directly the 
amount of DNAen different species of 
Vicia and correlatng it with the number 
of ribosomal genes (rDNA) as measured 
by hybridisation techniques They find 
that as the amount of DNA increases 
so does the amount of rDNA, but not 


in direct proportion, suggesting that 
DNA 1s not increased by lateral multi- 
plication But when only the relative 
amounts of DNA ın the Vicia species 
are considered they approximate to a 
ratio of 1 4 8, compatible with DNA 
increase by discrete strand formation 
Thus the authors present experimental 
results for and against the model of 
DNA increase by lateral multiplication, 
but taken with other evidence in the 
literature, their preferred model ıs longi- 
tudinal multiplication 

Maher and Fox have also measured 
the amount of rRNA synthesized by the 
four species of Vicia to see if they can 
be correlated with the number of ribo- 
somal genes Since little ıs known about 
rRNA gene utilisation in plants, gene 
activity has been estimated by measur- 
ing the volume of the prophase nucleoli 
This techmque revealed that large 
nucleoli were associated with an in- 
creased number of rRNA genes, but, 
here too, not in direct proportion The 
authors conclude that as the total 
amount of DNA increases within the 
Victa species considered, less of the 
genome 1s transcribed, so that propor- 
tionally fewer ribosomal genes are 
needed in translation i 
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with a velocity of 0 1-10 cm yr since 
the Cretaceous Faure notes that 
although this could be a wave in the 
asthenosphere, the same result would be 
achieved by the lithosphere moving 
over the undulating asthenosphere 
Burke and Wilson (Nature, 239, 387, 
1972) have also described epeirogenic 
movements in connection with rising 
mantle plumes But these examples 
relate to relatively localized regions 
What Menard has now done is to investi- 
Bate the possibility of asthenospheric 
bumps over much larger oceanic areas 

So how may asthenospheric bumps 
be shown to exist? The principle of 
Menard's method is simplicity itself, 
bumps will affect tbe relief of the ocean 
floor, and so depth contours shoulti 
reveal the bumps directly Unfortu- 
nately, factors other than the supposed 
bumps also govern ocean floor relief 
For one thing, depth will depend on the 
density and thickness of the oceanic 
crust and lithosphere But these litho- 
spheric effects may be assessed indepen- 
dently, for average depth 1s a function 
of age and 1s explicable in terms of the 
shrinking of a cooling lithosphere Thus 
In an area where magnetic anomalies, 
and hence ages, have been mapped and 
where the empirical relationship be- 
tween age and depth is known, it ıs 
possible to derive a map of 'standard' 
depths for an ocean floor uncovered by 
sediment Subtracting the standard 
depths from the observed depths (cor- 
rected for sedimentation and high 
frequency topography such as ridges and 
volcanoes) then resuks in a depth 
anomaly map in which positive ano- 
mahes represent depths shallower than 
the standard depths (elevation) and in 
which all anomalies may hopefully be 
attributed only to the effects of astheno- 
spheric relief 

In the northeastern Pacific, the region 
investigated ın most detail by Menard, 
there are apparently two scales of 
anomalies In the north there is an 
irregular but persistent positive anomaly 
of 300-700 m having dimensions greater 
than 600 km by 2,000 km, and ın the 
southwest there is a second large-scale 
positive depth anomaly of 100-300 m 
Between these two the anomalies range 
from +300 m to —400 m but are nega- 
tive on average, giving effectively a large 
negative anomaly about 1,000 km wide 
and at least 5,000 km long ın the north- 
easterly direction Superimposed on 
these large-area anomalies are smaller 
ones having values of about 300 m and 
linear dimensions of 500-1,000 km 
That there 1s little or no systematic error 
involved in the procedures by which the 
anomalies were derived 1s shown by the 
fact that positive and negative each 
occupy about half the area and by a 
lack of correlation between the sign of 
the anomalies and crustal age, depth, or 
sediment thickness 


The depth anomalies plotted by 
Menard correlate with neither crustal 
thickness nor heat flow, cross fracture 
zones in spite of regional changes in 
depth, extend across magnetic anomalies 
and active spreading centres, and thus 
seem to be unrelated to either old or 
new plate boundaries But they do seem 
to correlate weakly with gravity ano- 
malies of the same sign—a phenomenon 
which Menard relates to the effects of 
mantle convection and hot spots It has 
been known for some time that the 
broad gravity anomalies of wavelength 
1,000-2,000 km mapped by satellite can- 
not be attributed to the lithosphere, 
which 1s incapable of supporting elasti- 
cally features of such dimensions, and 
must therefore reflect flow in the mantle 
The correlation of broad gravity ano- 
malies with asthenospheric undulations 
thus implies that the undulations also 
result from convection in the mantle 

More specifically, positive gravity 
anomalies and positive depth anomalies 
are associated with rising convection, 
and, of course, hot spots are forms of 
rising convection Indeed, Morgan 
(Bull Am Ass Petrol Geol, 56, 203, 
1972) has already shown that hot spots 
are generally associated with positive 
gravity anomalies Menard thus con- 
cludes that asthenospheric bumps are as 
fixed as hot spots and must persist for 
at least as long, although 1t must be said 
that he also adduces evidence for the 
persistence of asthenospheric bumps 
from the history of the elevation and 
subsidence of oceanic islands In view 
of the widespread current interest in 
hot spots, Menard’s views on the rela- 


239 


tionship between hot spots and astheno- 
spheric bumps will no doubt attract 
considerable attention But this should 
not be allowed to obscure his more 
important general point that “many 
aspects of vertical tectonics are necessary 
consequences of plate tectonics on a 
bumpy asthenosphere” 


ENGINEERING GEOLOGY 


Reclaiming Land 


from a Correspondent 


THE Regional Meeting of the Engineer- 
ing Group of the Geological Society, 
held at the University of Durham from 
September 10-13, was introduced by 
R K Taylor (University of Durham) 
who drew an analogy between the via- 
bility of colliery discards as engineering 
fills (4 million and 2 million tons per 
year 1n Durham and Northumberland, 
respectively) and the two “waste” Pen- 
nine gangue minerals of past centuries 
Fluorite and barytes had subsequently 
become attractive propositions to the 
steel and drilling industries, respectively 

D Blakeway (Binnie and Partners) 
spoke about the stability of spoil heaps 
and hillsides in South Wales Investiga- 
tions since Aberfan have revealed excep- 
tional hydrogeological factors in the 
coalfield with up to 40 feet of mining 
subsidence and rainfall figures of be- 
tween 60 and 95 inches per year On a 
local basis the Reclamation Officer for 
Co Durham (R A Briggs) said that 
reclamation was now outpacing derelic- 
tion in the county, the predominant use 
of reclaimed spoil heaps being agricul- 


Centaurus A studied at 10.7 GHz 


CENTAURUS A (NGC5128) ss the nearest 
strong radio galaxy to us, just 4 Mpc 
from our galaxy That makes it a prime 
target for radio astronomers interested 
in the structure of such objects, since it 
will be possible to resolve finer details 
in Cen A than in any comparable object 
In Nature Physical Science next Mon- 
day (October 8) Price and Stull report 
high resolution observations of the 
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galaxy made at 107 GHz during June, 
July and August of this year with the 
five element array of the Stanford Radio 
Astronomy Institute Thus gives, at that 
frequency, a resolution of 17 arc s 

There are three lobes making up the 
radio counterpart of NGCS5128, and 
each was scanned during these studies 
Both the northeast and southwest lobes 
have themselves been resolved into 
more than one component (see figure), 
and the data are by and large explicable 
in terms of synchrotron emission from 
several compact regions 

Price and Stull speculate on the basis 
of this evidence that other radio galaxies 
might also contain small-scale structure 
which includes both transparent, strongly 
polarised components and opaque, 
weakly polarised components, thus the 
overall low polarisations observed are 
an artefact of inadequate resolving 
power This speculation 1s in line with 
the view that objects like Cen A are the 
later stages of QSOs and compact radio 
sources in galaxies, where gepeated out- 
bursts might, be associated with ejection 
of clouds of relativistic electrons 
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ture (50%) and forestry (34%) Figures 
produced by S W Pardoe (National 
Coal Board Opencast Executive) ım- 
plied that coal from opencast mining 1s 
currently about £2 per ton cheaper than 
deep mine coal and that in this field 
again the sites can be advantageously 
restored, mainly to agriculture A D M 
Penman (Building Research Establish- 
ment) pointed.out, however, that the 
volume of world mining 1s doubling 
every 14 years and the demand for con- 
struction on all types of previously 
opencast land has led to a joint research 
programme with the Coal Board Dıs- 
cussion from the floor disclosed that 
there is no stability relationship be- 
tween age and depth of backfill More- 
over, ingress of water 1s commonly 
believed to induce the sudden settle- 
ments recorded on some backfilled sites 
and Penman suggested that flooding 
might be one method of improving 
compaction 

With respect to site investigations 1n 
redevelopment areas both K W Cole 
(Ove Arup and Partners), who cited 
case histories to emphasize problemati- 
cal foundation situations ın glacial 
deposits and areas of shallow mine work- 
ings in the North-East, and M I Beeby 
and L Threadgold (Exploration Asso- 
ciates Ltd) made a plea for improved 
procedures and organization W R 
Dearman (University of Newcastle 
upon Tyne) considered tnat geotechnical 
maps could lead to more rational site 
investigations and demonstrated several 
types drafted from collated geotechnical 
information pertaming to Tyneside 

Coastal reclamation was brought into 
sharp focus by G B M Oliver (National 
Ports Council) who explained that 
because the parts are required to operate 
commercially there 1s no great incentive 
to utilize maintenance dredgings for 
land reclamation, disposal at sea 1s 
usually cheaper Emplacement of dredg- 
ing muds from estuaries was discussed 
by P R Vaughan (Imperial College, 
London) who showed the value of under- 
drainage and controlled drying He 
forecast that hydraulic fills of this type 
could produce in less than a decade 
usable ground no worse than many 
existing alluvial deposits Other speak- 
ers, including A C Meigh (Soil 
Mechanics Ltd), advocated dynamic 
compaction for granular soils down to 
coarse silt size as well as for other types 
of fill This technique involves dropping 
a heavy weight on to the ground surface 
from a great height 

Feasibility studies for a number of 
coastal reclamation schemes including 
Maplin were described, and T D 
Ruxton (Binnie and Partners) mentioned 
that the long period required for the 
evaluation of some schemes in Britain 
was often due to hydraulic seepage 
problems G G Pickton (Department 
of the Environment) remarked that a 


scheme involving the reclamation of 
30,000 acres at Maplin had been formu- 
lated in the eighteen fifties at a cost of 
£3,738! 

E L Streatfield (Cremer and Warner) 
in his introduction to the session on 
groundwater pollution said that the pro- 
portion of indisputable toxic industrial 
waste 1s Just over 2%, and a further 5% 
may fall into this category Preliminary 
results from a multi-authority review of 
2,494 landfill sites 1n England and Wales 
were presented by D A Gray andJ D 
Mather (Institute of Geological Scien- 
ces) This desk study has revealed that 
only fifty-one sites present a risk to 
aquifers and of the 714 locations exam- 
ined by the river authorities only eighty 
were classified as unacceptable 


NUCLEAR PHYSICS 


Reaction Times 


from our Nuclear Theory Correspondent 


Ireis usual to divide nuclear reactions 
into two stages the first ıs the direct 
interaction of the incident particle with 
the target nucleus, and this takes place 
in the time it takes for the particle to 
cross the nucleus, usually about 107? s 
After the direct stage, the remaining 
nucleus 1s 1n an excited state in which 
the energy 1s shared statistically among 
all its nucleons Many interactions can 
take place among them, and eventually 
1t happens that a nucleon or group of 
nucleons near the nuclear surface re- 
cerves enough energy for it to escape, 
and this continues until the remaining 
nucleus is left in its ground state This 
process 1s the decay of the compound 
nucleus, and takes a much longer time, 
of the order of 107* to 107? 

The theories of the direct and com- 
pound stages of the nuclear interaction 
are now quite well understood, and it 1s 
possible to calculate the angular and 
energy distributions of the particles 
emitted in each stage, and to compare 
their sum with the experimental obser- 
vations 

The time delay between the two pro- 
cesses naturally raises the question 
whether they can be observed individu- 
ally, but because the most refined elec- 
tronics cannot resolve times shorter than 
about 107? s, ıt ıs quite impracticable to 
do it directly A very ingenious way of 
doing this indirectly has, however, been 
developed recently, and Professor G M 
Temmer and his colleagues at Rutgers 
University and Bell Laboratories re- 
ported at a recent conference that they 
have used it to resolve the direct and 
compound conffiputions to the elastic 
scattering of protons by germanium-72 
(Proc int Conf nucl phys, Munich, 
August 27-September 1, 1973, North- 
Holland, Amsterdam, 1973) 

The method depends on using a crys- 
tal as a target so that the nuclei are 


x 
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in a regular spatial array If a nucleus 
1n a regular crystal emits a particle along 
the direction of one of the crystal axes, 
ıt will collide with the next nucleus and 
be scattered Thus particles emitted in 
these directions are blocked and cannot 
escape from the crystal If, however, the 
emitting nucleus moves from its original 
position, a particle emitted along the 
crystal axis will travel between the lines 
of nuclei and so escape A struck nucleus 
recoils and the distance it travels before 
emission depends on the time between 
the initial impact and the decay, this 1s 
different for a direct and a compound 
process In a direct process the target 
nucleus does not have time to move, but 
in a compound nucleus process it may 
nove sufficiently far from 1ts equilibrium 
position to increase the chance of escape 
of a particle emutted along a crystal axis 
The figure shows the intensities. of 
particle emission as the detector moves 
across the line of the crystal axis, and 
the dip due to blocking 1s clearly seen 
This was done for emission angles of 
35° and 145°, and a small difference 
between them can be seen The direct 
process contributes proportionately 
more at the forward angle of 35° than 
at the backward angle of 145°, and the 
amount of this difference allows the 
mean lifetime of the compound nucleus 
to be determined, the result ıs found 
to be about 1 4X 10775 s, The three sets 
of measurements illustrated refer to 
energies on and off the isobaric reson- 
ance at 5 MeV and at an energy above 
the (p,n) threshold At this last men- 
tioned energy so many reaction channels 
are available for the decay of the com- 
pound nucleus that the compound elas- 
tic process 1s negligible Thus the direct 
reaction dominates at both angles, so 
the transmission curves are the same 
This very ingenious measurement 
makes possible a series of refined tests 
of nuclear reaction theories in an en- 
tirely new way and marks a notable 
advance 1n nuclear physics techniques. 








Ge (IIO 450°C 15 Og12? from {uO} 


5.035 MeV 
(ON RES) 


4 950 MeV 


e TEE T 
(OFF RES) 


8000 MeV 

[ABOVE (p-n) 
THRESHOLD] 

5005 


L 








minutes of arc ——- 


NATURE VOL 245 OCTOBER 5 1973 


241 


Organization of Science and Technology in Japan 


Y. KAWASHIMA 


- 


Nuclear Material Control Centre, Akasaka Park Building, 2-3-4, Akasaka, Minato-ku, Tokyo 





In this article Dr Kawashima traces 
the development of science policy in 


Japan and assesses the prospects for 
the future. 


. 
SCIENCE and technology increase ın importance as industry 
grows and becomes more sophisticated Once regarded 
as something of a magic wand, it 1s now the subject of 
concern because of the fear that ıt may lead to a disastrous 
world In this context I shall evaluate the effectrveness of 
science policy in Japan and predict its future development 


Growth of Central Machinery 


The merits of the establishment of central machinery in 
the field of science and technology are still the subject of 
world-wide debate, but 1n Japan such a central orgamzation 
was formed in 1956 The Science and Technology Agency 
came into being as the result of more than five years of 
continuous efforts by people who were enthusiastic about 
creating an administrative nucleus for science and 
technology 

The principal function of the agency was to coordinate 
the activities of all the ministries. concerned with the 
development of science and technology In order to plan, 
coordinate and promote, the agency's administrative struc- 
ture initially included the Planning and Coordination 
Bureau, the Research Promotion Bureau, the Resources 
Bureau and the Minister's Secretariat But it so happened 
that the Atomic Energy Bureau (AEB) had been established 
at the beginning of 1956 and it was decided that when 
the agency was formed it would also incorporate the AEB 
This decision greatly influenced the development of the 
agency as will be seen later. The agency opened its office 
in May 1956 with a staff of 250 and a budget of 2,000 
million yen (£2 8 million) 

One of the first research institutes to "work with the 
agency was the National Aerospace Laboratory, which 
had been established in 1955 Two months after the 
creation of the agency, the National Research Institute for 
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Metals was formed and also came within the agency’s ambit 
of supervision 

The development up to the present day can be seen in 
Fig 1 The names of the bureaux have changed slightly 
but the same functions are encompassed Now, after 
sixteen years, the agency's family includes seven special 
corporations (set up by specific acts) and six research 1nsti- 
tutes, all of which are under the jurisdiction of the Minister 
for Science and Technology Four of the organizations 
are in the field of nuclear energy, two in the field of 
space and five are undertaking programmes which serve 
as a basis for research in government and industry The 
remaining two, the Japan Information Centre for Science 
and Technology and the Research Development Corporation 
of Japan, are unique organizations for promoting science 
and technology ın Japan The agency is now responsible 
for more than’ 7,000 persons and has a budget of nearly 
89,000 million yen (£127 million) 


Shifting Direction of Science Policy 


In 1959 the Council for Sctence and Technology was 
established to serve in an advisory capacity to the Prime 
Minister, who acts as chairman The agency serves as 
the secretariat In 1960 the council produced its first report, 
"Comprehensive and Fundamental Measures for the 
Development of Science and Technology for Ten Years 
Ahead", which made broad recommendations but emphasized 
the need to increase the level of investment 1n research and 
development in Japan as a whole A target of 2% of 
the national income was set for 1970, which was rather 
ambitious when compared with the corresponding figures 
1n advanced countries (for 1958 some of the figures are 27% 
(USA), 2% (Britain), 18% (France) ) but the target was 
reached 1n a surprising way 

From Table 1 ıt can be seen that even though the actual 
national income far exceeded the forecast of 1960, the 
investment in research and development still reached 296, 
perhaps the rapid growth of the Japanese economy 
facilitated the achievement of the target 

Analysis of the figure of 2% shows that in 1970 the 
government share of expenditure on research and develop- 
ment was 252% while industry and other private organiza- 
tions contributed the remaming 748% The division ıs 
characteristic of the 1960s and contrasts sharply with con- 


Government Research Institutes 


National Aerospace Laboratory (1955) 

National Research Institute for Metals (1956) 

National Institute of Radiological Science (1957) 

National Research Centre for Disaster Prevention (1963) 

National Institute for Research in Inorganic Materials (1966) 
National Institute of Resources (1968) 


Special Corporations 


Japan Atomic Energy Research Institute (1956) 
| Power Reactor and Nifclear Fuel Development Corporation (1956, reorganized 1967) 
Lz 


entre of Science and Technology (1957) 


Institute of Physical and Chemical Research (1958) 
| Research Development Corporation of Japan (1961) e 


Japanese Nuclear Ship Development Agency (1963) 
| National Space Development Agency of Japan (1969) 


Fig. 1 Responsibilities of the Science and Technology Agency Year of establishment is shown in parentheses, 


242 


ditions in the United States and Britain In Japan, in 1970, 
only 6% of government research and development funds 
were transferred to industry, research institutes, and 
privately owned universities 


Fields of Contribution 


In this framework the government took steps to increase 
expenditure on research and development by itself on the 
one hand, and to give incentives to industry on the other 
The latter were provided in two ways subsidies or grants 
for research and development in industry and financial 
incentives, including loans by governmental banks and tax 
exemption 











Table 1 Data for 1970 
Investments ın 
National research and BIA 
income (A) development (B) 

Thousand milhon yen 
Forecast made ın 1960 21,243 425 2% 
Actual 59,048 1,195 2% 

e. 

Although the incentives provided by the  govern- 


ment may guide industry in the desirable direction, 1t may 
be wrong to assume they have made a substantial contribu- 
tion to the growth of research and development in industry 
Generally speaking, industry put its efforts, most success- 
fully, into applying research and development to increase 
production 

The ratio of the payment for technology introduced 
into the country to that of expenditure on research and 
development was 20 80 in 1961 and 14 86 ın 1970 The 
period 1961-70 was one in which Japanese industry had 
to overcome drastic changes 1n its structure by assimilating 
sophisticated technology from abroad Much of the effort 
on research and development was probably devoted to 
bringing the introduced technology into industrial produc- 
tion and to improving the technology 

By contrast, the government weighted its contribution 
towards promoting scientific research 1n the universities by 
allocating half its expenditure on research and development 
to this end This resulted in the production of numerous 
scientists and engineers of high quality, so increasing the 
capability of exploring new scientific fields and of digesting 
and improving introduced technology Thus the govern- 
ment’s contribution was to facilitate economic progress in 
the long term 

Looking at the overall picture of science and technology 
in the 1960s it may be said that emphasis was placed on 
increasing efficiency of industrial production The first 
white paper on science and technology published by the 
agency in 1958 in fact stressed the need to promote science 
and technology for the purpose of improving the balance 
of payments by reinforcing export industries The success 
of the policy was reflected in the rise of the income per 
capita in Japan from $US300 in 1958 to $1,600 in 1970 
But the adverse effects of industrial development became 
apparent and from about 1970 the population began to 
reassess the situation and to look forward to a future which 
they felt should be modelled along different lines 


E (ad 
Future Policy 

A shift of emphasıs ın science policy could be detected 
in a white paper published by the agency in 1970, and in 
April 1971 the council published concrete recommenda- 
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tions in the report “Fundamentals of Comprehensive 
Science and Technology Policy for the 1970s” Although 
the report lifted the target of investment in research and 
development from 2% to 3% this was not the major con- 
cern, instead more emphasis was placed on the contribu- 
tion of science and technology to social rather than 
economic development ` 

The report touched on three aspects, the first of which 
was the necessity to define as precisely as possible the needs 
of society in the future Second, ıt dealt with the intro- 
duction of methods of technology assessment in order to 
steer science and technology in a desirable direction 
Third, ıt spelled out three priority areas for research and 
development in the 1970s , the environment, life science and 
“soft” science “Soft” science, a somewhat ambiguous con- 
cept, reflects the importance of a new multidisciplinary 
approach to such complex problems as urban problems 
and health care The report, which is the outcome of joint 
efforts by the councfl and its secretariat in the agency, 
forms the basis of planning for science and technology in 
Japan in the 1970s 


Budgets 


What 1s the structure of the government research and 
development budget? There are two categories, one 1s the 
Expense for Promotion of Science and Technology which 
includes the operating expenses of government research insti- 
tutes, subsidies and grants to industry and special corpora- 
tions, administrative expenses, plus the expenditure on space 
and nuclear energy These areas are coordinated by the 
agency 

The second category 1s Expense Related to Promotion 
of Science and Technology and this encompasses the one 
mentioned above but also includes research expenses for 
universities (the chief portion) and expenditures on research 
and development included in some of the projects of 
various ministries, 1t thus represents all research and 
development funded by the government 

The relation between the two categories is shown in 
Table 2 





Table 2 Government Research and Development Budget 





1961 1970 1972 
Expense for Promotion 28 114 168 
Expense Related to Promotion 63 263 374 





Units of 1,000 million yen 


The details of the Expense for Promotion budget for fiscal 
year 1972 are given in Table 3 Three points are clear (a) the 
agency accounts for more than half the total amount, the 
Ministry of International Trade and Industry for 17% and 
the Ministry of Agriculture for 12% , (b) the proportions 
for nuclear energy (30%) and for space (12%) are 
extremely high , (c) government research institutes account 
for nearly 30% of the total 


Coordination 


Coordination 1s carried out primarily by discussion before 
formulation of the budget The agency goes over the pro- 
gramme with the organization concerned and indicates 
guidelines which are of a very general nature because the 
selection of specific research topics depends on the initia- 
tives of the researchers The agency specifies which are 
to be regarded as the priority subjects and recommends the 
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level of expense per researcher (One of the striking 
successes of the agency has been its ability to rationalize 
the submissions of the organizations to the Ministry of 
Finance As a result the funds allocated on a per capita 
basis have steadily increased) After the agency has given 
its advice the organization prepares its budget and submits 
it directly to the Ministry. of Finance Separately the 
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each 1s allowed more autonomy within the framework of 
the agency In effect the agency, as it coordinates the 
research and development of all munistries concerned, 1s 
able to foster a “new baby" as a priority and bring it up 
within the agency by providing special status 

The reason why these measures have proved feasible ıs 
that recently most of the priority areas have required a 


eee 


Table 3 Expense for Promotion of Science and Technology 





a —. 





Government Subsidies and Administrative Nuclear 
research institutes grants expenses Space energy Total 
The Diet — — 111 — — 111 
Prime Minister's Office 8,016 6,580 2,071 19,811 55,884 92,364 
National Police Agency 337 — — — — 337 
Hokkaido Development Agency 95 — — — — 95 
Economic Planning Agency 247 — — — — 247 
Science and Technology Agency 5,027 6,154 2,071 19,811 55,884 88,948 
Environment Agency 2,309 425 — — — 2,734 
Ministry of Justice 304 — — — — 304 
Ministry of Foreign Affairs — — — — 287 287 
Ministry of Finance 131 — — — — 131 
Ministry of Education 3,238 11,096 30 — — 14,365 
Ministry of Health and Welfare 3,342 1,495 — — — 4,837 
Ministry of Agriculture and Forestry 18,581 2,063 329 — — 20,974 
Ministry of International Trade and Industry — 13,417 14,212 674 98 — 28,402 
Ministry of Transportation 2,832 130 — ° 228 — 3,191 
Ministry of Posts and Telecommunication 1,228 — — 430 — 1,659 
Ministry of Labour 211 — — — — 211 
Ministry of Construction 1,226 144 — — — 1,371 
Ministry of Autonomy 179 — — — — 179 
Total 52,711 35,723 3,217 20,568 56,171 168,392 


Expenditure in million yen 


agency submits its recommendations, based on the same 
guidelines it used to advise the research organizations 
The allocation of funds is solely the prerogative of the 
Ministry of Finance 

There are about eighty institutes with a total staff of 
16,000, many of them are associated with other ministries, 
and the agency holds discussions with all institutes In the 
case of the Atomic Energy Bureau the agency recognizes 
its expertise and relies on ıt to coordinate all government 
research activities in the field of nuclear energy The 
Research Coordinating Bureau carries out a similar func- 
tion for space matters 


Special Funds 


Although it may be said that gentle persuasion is the 
keynote of the agency’s coordination, there are two devices 
by which projects may be positively promoted The first 
IS the provision of the Special Funds in the agency to 
promote research 1n priority areas or to accelerate research 
urgently required Even though appropriation. for the 
Funds stili remains around 296 of the total expense for 
government research institutes in 1972, this device has been 
effective 1n enabling the agency to guide government research 
in a desired direction 

The second ıs the device for Promoting so called “big 
science” or “big technology” As mentioned above, the 
development of nuclear energy was assigned to the agency 
from the outset and has Brown up as a national project, 
consuming almost half the Expenses for Promotion budget 
for each year Other similar projects are in space develop- 
ment and oceanographic development, coordination of re- 
search on the environment was, however, transferred to the 
Environment Agency when it started its work in 1971 In 
the fields of nuclear energy and space the coordination for 


multdisciplhnary approach for which the agency is well 
suited Typical of such topics 1s life science which looks to 
be a promising area for the future 


Other Government Avenues 


In this article I have chiefly examined the activities of 
the Science and Technology Agency but it must be noted 
that considerable efforts to promote science and technology 
are carried out by other organizations For example, the 
Ministry of International Trade and Industry sponsors nine 
national projects at present whereas public corporations 
such as the Nippon Telegram and Telephone Corporation 
and the National Railway Corporation also give rise to sub- 
Stantial effects on the development of the technological 
capabilities of industry 


The Future 


Generally speaking, I believe the Japanese experiment has 
been successful but the way ahead will not become easier 
for at least two reasons First, the agency has brought 
nuclear energy and space development to a point at which 
they are self-sustamung and more areas will mature as time 
passes As the number of such successes increases, so the 
task of overall coordination becomes more difficult Second, 
the problems which face Japanese society ın the 1970s are 
very different from those of the 1960s As a consequence 
the agency must focus its attention on areas such as life 
seience and the environment, but in so doing must inevitably 
extend government responsibility and involvement The 

‘manner in which private industry may be encouraged and 
guided must also be worked opt The central machinery 
has proved itself capable of coping ,with the, problems of 
the past decade, and building on its experience and success 
should prove equal to the challenge of the future 


244 


NATURE VOL 245 OCTOBER 5 1973 


Precambrian Africa and South America 


as a Single Continent 


J. D. A. PIPER, J. C. BRIDEN & KEITH LOMAX 


Department of Earth Sciences, University of Leeds 





Palaeomagnetic evidence suggests that 
the principal cratonic areas of Africa 
were approximately in their present 
relative positions and orientations as 
early as 2,200 m.y. BP. This implies that 
the younger orogenic belts between them 
did not result from convergence of 


widely separated forelands which pre- 
viously belonged to unrelated plates. 
South America and, until about 1,009 
m.y. BP, North America may have been 
joined to Africa, and the concentration 
of all continental crust in one large mass 
until that time remains a possibility. 





THE applicability of plate tectonics to pre-Mesozoic timé 1s 
a topic of controversy and speculation One view 1s that all 
orogenic belts mark the suturing of previously distinct crustal 
plates and form at the culmination of plate convergence’? 
The opposite view is that some ancient orogenic belts 
developed between contiguous blocks of continental 
crust^* Much of this discussion has been focused on Africa 
which contains the [largest area of Precambrian crust, dis- 
playing a pattern of stable cratonic blocks and intervening 
orogenic belts ranging from older than 3,000 m.y to 
Palaeozoic 

The argument 1s insoluble by geometrical plate tectonic 
analysis because the relevant Euler poles and rotations can- 
not be estimated**, and discussion has consequently hinged 
on interpretation of stratigraphic and structural sequences 
Principal the occurrence of features characteristic of 
modern convergent plate margins has been cited as evidence 
that African orogenic belts formed at plate margins? On the 
other hand continuity of pre-orogenic features across 
younger orogenic belts has been regarded as evidence that 
orogeny was entirely ensialict”® In particular within Africa, 
the continuity of the Buganda Toro-Kibalian and Ubendian 
Rusizian belts across the later Kibaran belt’, and the con- 
tinuity of the Namaqualand (or Orange River) and Kibaran 
belts across the later Damaran-Lufilian belts with no apparent 
oftset®, prohibit large scale subduction interpretations of these 
belts ry 

Other observations which have been taken to indicate that 
these and similar ancient orogenies were inherently differente 
from more modern ones inqude the correlation of sediments 
deposited on, the cratons with those within the orogenic 
zones’, the longer deformation history and less pronounced 
linearity of these belts compared with modern ones, the 


higher percentage of granites within them‘, and the differing 
metamorphic facies (and hence P-T conditions) which evi- 
dently pertained within them 

Other lines of evidence are less decisive and have been 
interpreted to favour either view They include the problems 
of whether the reactivation of gramtic basement ıs due to a 
thermal high ın crust of no more than normal thickness, or 
to thickening of crust in paratectonic orogeny when two 
continental plates collide’, whether granulite facies basement 
within the belts 1s evidence of their 1n situ development’, and 
whether “Sr/*Sr ratios 0 702 to 0 705 commonly measured 
in granitoid rocks throughout the belts decisively favour 
either model” 


Plate tectonic 





model a 
*b 
Single continent b 
a 
model 





Effect of opening 
and closing of 
small sntercratonic 
oceans 





Effect of rotations 
of individual cratons 


AS IN @ BUT WITH LATITUDE CONSISTENCY d 
ACROSS EACH BELT AT ALL TIMES 





Fig.1 Predicted pattern of palaeomagnetic polar wander paths 


It seems unlikely that the argument will ever be settled on 
geological grounds It 1s our purpose here to point out that 
palaeomagnetic evidence 1s potentially decisive, and that a sub- 
stantial amount of such data already exists and strongly 
favours the ensialic model for these orogenies rather than the 
plate tectonic model 


Palaeomagnetic Test 


The two models predict completely different distributions 
of cratons prior to orogeny, and correspondingly different 
patterns of older palaeomagnetic poles The plate tectonic 
model, if founded strictly on the Mesozoic to present 
analogy, requires that cratons bounding an orogenic belt 
should have been many thousands of kilometres apart only 
100 to 200 my before the fundamental deformation of the 
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belt Thus prior to the 550100 my “Pan-African” orogeny 
the West African, Congo and Kalahari cratons would have 
been far apart (at, say, 900 m y ) and approaching one another 
Going back one stage further the motions of the three 
cratons, themselves formed by coalescence of older and 
smaller nuclei, would have been completely different and as 
independent as are the motions of any set of modern plates 
Each craton should display its own distinctive polar wander 
path up to the time of suturing with its neighbour (Fig la) 
The “master” polar wander path could be thought of as apply- 
ing to the Kaapvaal craton which 1s the most studied palaeo- 
magnetically Relative to it, other paths should form 
a dendritic pattern, converging to three principal stems 
by 1,100+200 my (the Kibaran-Namaqualand-Irumide 
orogeny) and to a single common path by the culmination 
of the Pan-African event 

The alternative single continent model, of ensialic orogeny, 
1s more straightforward The cratons or nuclei of pre-existing 
stable crust remained essentially statienary relative to each 
other while orogenic deformation developed between them, 
and all moved in concert relative to the poles A single 
polar wander path 1s therefore predicted, applicable to the 
whole assemblage for the whole time the model applies 
(Fig 1b) 

In Fig 1c and d, two possible relaxations from these two 
extreme models are illustrated If the closure of an ocean 
were the precise negation of an earlier divergence, the com- 
mon polar wander path would be punctuated by a detour 
marking the development and subsequent consumption of 
each intercratonic ocean (Fig 1c) In our African example 
the three cratons would have been in the self-same relative 
positions at (say) 1,000 m y as they have been since the Pan- 





Fig. 2 Mean palaeomagnetic poles from African and South 
American rocks in the approximate age range 2,300 to 1,950 m y 
Africa is drawn in its present position, but South America 1s 
rotated, along with its palaeomagnetic poles, into the position 


computed by Bullard et al !^ Oblique stereographic projection 
Cratonic areas which have been stable since at least 1,500 m y 
are stippled The palaeomagnetic poles are numbered as in 
Table 1 (smaller symbols being used for data from single localities 
only, the small unnumbered squares refer to entry (14) in 
Table 1) The different cratons from which they were deter- 
mined are distinguished as follows @, Kaapvaal, +, Congo, 
E, West Africa, ©, Guyana The polar wander path which is 
most consistent with these data 1s drawn as a finely-strppled 
swathe this is the path of the north pole (see Fig 4 and text) 
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Fig 3 Mean ealacomagnetic poles and polar wander path for 
African and South American rocks in the approximate age range 
900 to 500 my The presentation 1s similar to Fig 2, and the 
data are numbered from Table 2, In this figure the cratonic 
areas stable since 1,100+ 200 m y are indicated, and the origins 


of the palaeomagnetic data are denoted as follows e, South 

and South-west Africa, @, Central Africa, Je, Sudan, W, West 

Africa, ©, South America Tbe apparent polar wander path 1s 
that of the south pole (see Fig 4 and text) 


African orogeny The argument could be repeated for older 
cratons and the orogenic belts between them back to the 
oldest exposed situation exemplified by the granitic batholiths 
and intervening schist belts more than 3,000 my old in the 
Rhodesia-Kaapvaal craton This variant of the plate tectonic 
model presupposes force majeur, exercising long-term con- 
trol on plate motions to a degree which 1s not readily discern- 
ible in the more recent analogy, but ıs mentioned because 
such controls seem to be implicit in the Palaeozoic plate- 
tectonic models of the North Atlantic region of Wilson”, 
Dewey? and others, and may be tested in the context of 
Africa 

Finally, if substantial relative rotation of neighbouring 
cratons has occurred with little or no change in separation, 
the polar wander paths from the different cratons would 
appear as different as in Fig 1a, but close inspection would 
show that inferred latitudes (but not orientations) were con- 
sistent across individual orogenic belts (Fig 1d) An 
example of this class might be the Limpopo belt along which 
large scale lateral shear has been postulated? 

The identification of any one of the patterns of polar 
wander paths depicted in Fig 1 1s diagnostic of the corres- 
ponding continent distribution model unless Euler and 
palaeomagnetic poles have ever coincided This 1s a restate- 
ment of the well known indeterminancy of longitude by 
palaeomagnetism, and the existence of long polar wander 
paths shows that this coincidence 1s rare, possible ambiguity 
only arises during “quasi-static intervals” when the pole 
seems to have remained ın the same position for a long time 


*Palaeomagnetic Evidence 


œ Our chief purpose in this article ıs to present new palaeo- 
magnetic data from Africa (Tables 1 and 2, Figs 2 and 3) 
which strongly favour the single continent model It is 
appropriate to include South America in this discussion In 
Figs 2 and 3 Africa retains its present outline and shape, 
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Fig 4 Apparent north polar wander path relative to Africa, 


complete from ~2,700 my to the present Suffixes denote the 
various sources of data, as follows 1 and 2, Tables 1 and 2 of 
this article, P and B, Tables 1 and 2 of ref 15, A, ref 18, C, 
ref 17, D, ref 47, F, ref 37, small unnumbered dots refer to 
entry (14) of Table 1 of this article, small unnumbered squares 
refer to Waterberg sediments, ref 48 — These and other small 
symbols are poles derived from single localities only, all other 
poles are based on sampling at several localities and are denoted 
by large dots The few poles which fall clear of the polar 
wander path (stippled swathe) are tied to the path at the appro- 
priate point for their age Mollweide projection, note the 
extreme distortion near the edges, which confuses the path near 
the south pole (see Figs 2 and 3) This seemingly tangled path 
1s approximately 1,200 arc deg in length which, fpr a time-span 
of ~2,700 m y , implies an average rate of apparent polar shift 
of 04? per my (~4 cm yr7?) 


and South America 1s placed adjacent to it in the position 
computed by Bullard ef al" which 1s supported for Palaeo- 
zoic and early Mesozoic times by palaeomagnetic and 
geological data 
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In Fig 2 we show that data in the approximate age range 
2,00 to 1,900 my from the Guyana, West African and 
Rhodesia-Kaapvaal cratons are, given their limitations and 
the uncertainty 1n ages, consistent with a single polar wander 
path We note the close proximity and sequential positions 
of poles from the lavas of the Upper Ventersdorp and Trans- 
vaal Systems of South Africa (—2,300 to 2,200 m y ) and poles 
from Ghana (—2,200 m y ) and the West Africa and Guyana 
shields in general for the age range 2,200 to 2,100 m y The 
agreement of poles derived from rocks in the north-west 
Sahara associated with the Aftout Granite (771,950 m y ) and 
from rocks of indistinguishably different age from South 
Africa 1s equally impressive We conclude that the “base 
map” of Fig 2 1s correct 

The same conclusion is drawn from Fig 3 which shows 
a similar sequence of palaeomagnetic poles for the approxi- 
mate age range 900 to 500 my derived from Argentina, 
the Sudan, Tanianza, Zambia, Malawi, South and South- 
west Africa There es close agreement of poles ascribed 
to similar ages from rocks as widely separated as the Sudan 
and South Africa, and the Jarge early Cambrian polar shift 
is established independently from Zambia, south-western 
Africa and Argentina 

Age estimates are not everywhere consistent with the 
simple common polar wander paths implied in Figs 2 and 
3, but it may be that the assigned ages are wrong rather than 
the palaeomagnetic interpretation The general agreement of 
the data with the single continent model 1s most striking, and 
evidently disagrees strongly with the plate tectonic model 
although small amounts of subsequently compensated rela- 
tive rotations and separations cannot be ruled out 

The foregoing discussion shows that ıt may be correct to 
treat Africa as a single continental plate for palaeomagnetic 
purposes from 2,300 my onwards, and to compile a single 


NN 


mately 2,300 to 1,950 my 





Table 1 Data for Approx 
No Rock unit/souice area Ref 
1 Lower Ventersdorp lavas, South Africa 31 
2 Upper Ventersdorp lavas, South Africa 31 
3 Lavas, Transvaal System, South Africa JCB 
unpublished 
4 Tarkwaian intrusions, Ghana 32 
5 Obuasi greenstone body, Ghana 32 
6 Dolerite dyke, Obuasi, Ghana 32 
7 Dolerite intrusion, Ivory Coast ' 32 
8 Roraima dolerites, Guyana (1) 33 
9 Roraima dolerites, Guyana (11) 33 
10 Blackawatia dykes, Suriname 34 
11 Kabaledo dolerites, Suriname 34 
12 Angola anorthosite, Angola JDAP, 
unpublished 
13 Orange River lavas, South Africa JDAP, 
unpublished 
]4 Aftout diorite and associated dolerite dyke, K L, 
Algeria unpublished 
15 Aftout gabbro, Algeria K L, 
unpublished 
16 Basic granophyre, Vredefort Ring 35 
Complex, South Africa 
17 Bushveld Complex, South Africa 36 
18 Losberg intrusion, South Africa 35 


Mean 
Age palaeomagnetic Reliability f 
(m y) pode 4 
72,300 1 4* S 40° E N, a, (t), k, f 
2,300 + 100 71° S 353° E N, a, t, k 
~ 2,250 42°S 14° E N, a, f, k 
~ 2,200 53° S 36 E N, a, f, k 
2,2008 50° S 102° E N,k 
« 2,200 56 S 68° E n,a 
« 2,200 11° S 1022 E n,a 
1,500-2,090]|| (63° S 51? E) ~N, a, k 
23° S 86° E 
1,500-2,090 (45° S 347° E) * N, a, k 
14° S 45° E 
? 1,550-1,650 (8° S 53° E) n, a, t, k 
3]*N 97 E 
? ~ 1,750 (44° S 30? E) N, a, t, k 
4°S 74 E 
! q 9 S 69 E N, a, k 
> 1,850 19° S 74° E N, a, k 
~ 1,950 Poles from seven N, a, (k large 
sites illustrated at each site) 
in Fig 1 
~1,950 29° N 55° E N, a, k 
~ 1,970 22? N 2P E N, a, k 
1,950 + 50 23 N 36 E N, f, k 
~ 1,950 33° N36 E a, k 


4 Pole positions relative to present coordinates of Africa, South American poles being rotated to allow for closure of the South Atlantic 


Present coordinates of South American poles are given in bracket 
1 All data are statistically significant, but additional evidence 


than 10 


S 

fo» reliability 1s indicated as follows (in general the more entries the better) 

Nin), more than 20 (10) samples, a, alterpating field demagnetization, t, thermal demagnetization, 
e 


f, fold test, k, Fisher precision greater 


+ Magnetization may date from metasomatism at about 2,150 my 


§ Magnetization may date from metasomatism at about 2,200 m y 
|| Most prébable age about 2,070 m y 

*| Age determinations range from 1,300 to 2,600 m y 

** Some later data are mentioned in ref 41 
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polar wander path applicable to the whole continent through- 
out that time The data summarized here, when added to 
those already published"-?, provide a sufficiently complete 
record to eliminate the ambiguity in “polarity” which has 
hitherto made it impossible to determine whether particular 
isolated segments of the path were the track of the north or 
south pole By continuity, ıt now emerges that the path for 
2,300 to 1,900 m y in Fig 2 is the track of the north pole, but 
that the path for 900 to 500 m y illustrated in Fig 3 is that 
of the south pole The complete north polar wander path 
from 2,300 my to the present 1s drawn in Fig 4, in which 
data from 2,700 to 2,300 m y from Rhodesia and the Trans- 
vaal are added in spite of the absence of corroborative data 
from other cratons for that mterval The paths for the 
intervals 2,700 to 2,300 my and 1,950 to 1,300 m y , which 
were the only parts which could be estimated in 1968 (ref 15), 
are now the least well defined portions of the whole path 
Indeed it 1s no longer certain that the loop drawn for that 
latter interval by the 1968 authors 1s real, several of the poles 
formerly regarded as —1,700 m y old which helped to define 
that loop are now believed to be younger, 1,200 to 1,000 m y 


Supercontinent before 1,000 m.y. ? 


The data of Fig 5 show that the polar wander paths for 
Africa and North America can be rotated into fair agree- 
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ment for the time interval 2,700 to 1,000 my and that when 
this 1s done the two continents rotate into adjacent positions 
so that they could have belonged to a single plate? Con- 
tinuity with Phanerozoic data indicates that these paths are 
the north polar wander paths for each continent? " Their 
mutual divergence after 1,000 m y implies that they then 
moved towards their Lower Palaeozoic relative positions and 
that at least one active plate margin became operative between 
them Evidence for the existence of this supercontinent 
before 1,000 m y , incorporating North America, Africa and, 


"from our foregoing discussion, South America, 1s strongest 


for the interval 1,400 to 1,000 my (ref 18) Although the 
older evidence is less convincing the overall similarities 
between the North American and African polar wander paths 
back beyond 2,000 my are more striking than their dif- 
ferences—the more so if the starting point of the North 
American path at 2,700 m y ıs plotted as shown in Fig 5 
rather than by taking the antipodal starting point!" Ad. 
mittedly the ages attached to corresponding points on the 
two paths do not all seem to agree, and there are small scale 
separations and convergences suggestive of the scheme shown 
in Fig Ic, but the reality of these complications 1s unproven 

In his more detailed discussion of the period, 1,400 to 1,000 
my,J D A P has shown that, when these portions of the 
North American and African polar wander paths are super- 
imposed, the Grenville, Kibaran and Namaqualand orogenic 

. 


_ aiaaaaaaaŘŘŘŮŮ— m o 


Table 2 Data for Approximately 900 to 500 my 





No Rock unit/source area Ref 
l Kigoneto Flags, Tanzania 37 
2 Dykes, Klein Karas, South-west Africa 18 
3 Gagwe amygdaloidal lavas, Tanzania 37 
4 Bukoban intrusives, Tanzania 37 
5 Manyovu redbeds, Tanzania 37 
6 Mbozi complex, Tanzania 17 
7 Pre-Nama dykes, South-west Africa 18 
8 Sabaloka ring structure, Sudan 38 
9 Lower Buany Series, Tanzania JDAP, 
unpublished 
10 Plateau Series, Zambia (1) 17 
11 Plateau Series, Zambia (11) e 17 
12 Fish River Series, South-west Africa 18 
13 Ntonya Ring Structure, Malawi 39 
14 Khpheuvel Formation, South Africa 40 
15 Lavas, Morocco 42 
16 Sediments, South Tilcara, Argentina 43 
17 Sediments, North Tilcara, Argentina 43 
18 Sediments, Abra de Cajas, Argentina 43 
19 Sediments, Purmamarca village, Argentina 43 
20 Sediments, Purmamarca, Argentina 43 
21 Red sediments, Salta and Jujuy, Argentina 44 
22 Red sediments, Salta and Jujuy, Argentina 44 
23 Sediments, Salta, Argentina 43 
24 Sediments, Bolivia 44 $ 
25 Hook intrusives, Zambia 45 
26 Table Mountain Series, South Africa 46 
27 Plateau Series, Zambia (111) 17 
28 Plateau Series, Zambia (1v) 17 


Mean 
Age palaeomagnetic Reliability f 
(my) pole* 
890 1228 93° E N,t,k 
878 -- AI 20° S 114° E n,a 
813-- 30 29° N 103^ E N,a 
806+ 30 11° N JOI’ E N, a 
<806+30 24° N 118° E N, t 
743 + 30 72° N 68° E N, a 
653+70 85° N 228° E N, a, k 
> 540 83? N 339° E n, a, f, k 
, «1,350 87° N 263? E N, a, t, k 
< 1,000 71° N 173° E N, a, k 
< 1,000 60° N 25° E n,a, k 
? Lower 55° N 137° E n,a 
Cambrian 
630+ 24 28° N 345° E N, a, t, k 
? Lower 16° N 316° E n, otherwise 
Cambrian not known 
“Middle 53° N 34° E a, otherwise 
Cambrian” not known 
“Cambrian” (52? N 27° E) n,t 
66° N 330° E 
“Cambrian” (49° N 24° B) n, t 
80° N 350° E 
“Cambrian” (2? N 28° E) t 
41° N 66^ E 
“Cambrian” (61° N 293° E) t 
36° N 295° E 
“Cambrian” (5° N 39° E) tk 
45° N 80° E 
Cambro- (15° N 338° E) n,t 
Ordovician 30° N 3°E 
Cambro- (8° N 320? E) n, t 
Ordovician 13° N 353° E 
Ordovician (31? N 13° E) nt 
56 NYE 
Ordovician (4? N 302? E) n, t, f 
1° S 342° E 
5004+17 14° N 336° E n, a, k 
Ordovician 50° N 349° E** a, k 
Lower 10° S 352° E a, k 
Palaeozoic 
Lower 22° N 19° E n, k 
Palaeozoic . 


— ——————————————————————————————————————————À———————————— 


Footnotes as Table 1 


y 
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belts lie on a single large arc This palaeomagnetic evidence 
suggests that the African portions of this arc were the site of 
ensialic orogeny, while according to Irving et al” the North 
American portion was the site of plate convergence [f these 
1nterpretations are correct then the two facets of orogeny were 
occurring simultaneously alongside each other around 1,300 
to 1,000 m y shortly before this Precambrian supercontinent 
began to break up Perhaps the Grenville "suture" was the 
precursor of the plate margin(s) the activity of which caused 
this breakup If so, an understanding of late Proterozoic 
plate kinematics might be gained from studying how the 


Mercator projection 


latitude and longitude 
markers at 30 intervals 





Fig 5 Schematic apparent polar wander paths from ~ 2,700 
to ~900 my for Africa (see Fig 4) and North America (after 
Irving and Park!’ modified near 2,700 m y as described in the 
text) Approximate ages of selected parts of the curve are 
markedinm y The discrepancies between possibly correspond- 
ing parts of each curve are shaded to the left for 2,700 to 1,950 
m y , and to the right for 1,150 to 900 m y , 1n the intervening 
period no shading has been inserted because of the possible 
complications in the African curve A curiosity of this map 1s 
that in making this approximate match of the two curves, both 
continents retain their present latitude and orientation, this 1s 
of dubious geophysical significance and 1t 1s beyond the scope of 
this article to speculate on it 


1,000 my reassembly (Fig 5) could have evolved into pos- 
tulated reassemblies for early Palaeozoic time? 


Precambrian “Pangaea” ? 


It has previously been pointed out that the bulk of Pre- 
cambrian palaeomagnetic data from Australia and India? 
are consistent with their having remained in positions relative 
to Africa as in Carey's5 Gondwana reassembly On the other 
hand Phanerozoic data are more consistent with a 
different Gondwana  reassembly?*? Late Proterozoic 
data? seem to fit neither of these and it ıs not clear 
whether they are compatible with transition from the one to 
the other An assessment of these problems 1n the light of new 
Australian data 1s currently being made by M W McElhinny 
and colleagues (personal communication) 

Finally, the available Precambrian data from Europe” do 
not show the loops which are typical of North American and 
African polar wander paths, but this could reflect absence 
of data for critical periods We note that European and North 
American Precambrian poles he in the same general regions 
after allowance for Phanerozoic opening of the North 
Atlantic 

In summary, the palaeomagnetic evidence that Africa and 
South America were parts of a single continent in Pre- 
cambrian times 1s rather compelling The evidence that 
North America belonged to this same conunent until ~1,000 ‘ 
my 1s merely persuasive That other parts of surviving con- 
tinental crust also belonged 1s only conjecture which is note 
contradicted by the evidence Conclusive solutions to the 
outstanding problems will not easily be reached for many 
reasons the geological record is far from ideal, ıt ıs difficult 
to prove identity or the significance of differences between 
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palaeomagnetic data, and congruence of segments of polar 
wander paths is not 1n itself proof that they should be super- 
imposed over their whole length But the eventual outcome 
will affect our conclusions only by degree This demonstra- 
tion that some Precambrian orogenic belts within Africa 
formed between cratons which had already been neighbours 
for hundreds of millions of years is sufficient to establish the 
need for a supplement to plate theory of orogenesis J C B 
speculated briefly on this matter elsewhere™ 

This work is part of a project financed by the Natural 
Environment Research Council 
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Mast cells can be induced to secrete 
histamine by an ionophore, the action 
of which depends on the presence of 
calcium within a specific concentration 
range. The fact that labelled calcium 


can be seen to enter sensitized cells 
during histamine secretion in the pres- 
ence of antigen suggests that the entry 
of calcium into the mast cell may be 
the trigger for the release of histamine. 





CHANGES 1n the intracellular concentration of calcium tons 
provide the control for many physiological processes, 
including secretion! The isolated mast cell is a useful 
model for studying the mechanism of secretion because the 
degree of secretory activity 1s readily assessed by assay of the 
histamine that 1s released, and the external environment of 
the free cells can be rapidly changed and controlled The 
secretion of histamine from mast cells stimulated by the 
antigen-antibody reaction 1s dependent on calcium?’ and it 
has been suggested that histamine secretion 1s the result of the 
influx of calcium into the mast cell, following a change ın the 
calcium permeability of the cell membrane induced by the 
antigen-antibody reaction*? 

Ionophores* which selectively increase the permeability of 
cell membranes to calcium would be valuable tools for the 
investigation of physiological processes Two 1onophores, 
X537A (Hoffmann-La Roche) and A23187 (Eli Lilly), trans- 
port calcium across sarcoplasmic reticulum'?, but Pressman 
has pointed out? that X537A ıs not a specific carrier for 
divalent cations and will transport monovalent cations and 
some primary amines We have studied the effects of 
A23187 and X537A on isolated rat mast cells 

The 10nophores are insoluble 1n aqueous media and were 
added to the cells as a suspension in Tyrode solution, which 
has the following composition (mmol 1) NaCl, 137, KCl, 
27, NaH,PO, 04, NaHCO, 12, glucose, 56, calcium and 
magnesium chlorides were added as required For most of 
the experiments, mixed peritoneal cells of rat were used? 
Partial fractionation of the peritoneal cells was performed in 
some experiments by density gradient centrifugation in 
bovine serum albumin”, Histamine release was measured by 
1ncubating aliquots of cells with the 10nophore for 10 min at 
37° C, after which the cells were diluted with ice-cold 
Tyrode solution and centrifuged Histamine in the super- 
natant and that remaining 1n the pellet was assayed biologi- 


cally Histamine release 1s expressed as a percentage of total 
and is corrected for release occurring 1n the absence of 10no- 
phore (about 295) The assay was unaffected by the 1onophore 
at the dilutions encountered 

Calcium movement in peritoneal cells was estimated by 
measuring changes in the absorbance of murexide in a dual 
wavelength spectrophotometer The cells were suspended 
in magnesium-free Tyrode solution in which the bicarbonate 
and phosphate had been replaced by HEPES buffer 
(10 mmol 17, pH 76) and the calcium concentration was 
1 mmol 1> The other technique for monitoring calcium 
movement was based on a method described by Harris and 
Berent! Cells were incubated ın Tyrode solution contain- 
ing calcium, 1 mmol 171 at 37? C, and at zero time a small 
quantity of radioactive calcrum (Ca) in the same Tyrode 
solution was added, together with antigen if required After 
a predetermined time, the cells were separated from the radio- 
active loading solution by centrifuging them at about 12,000¢ 
through a water-impermeable barrier of silicone oil (‘Versi- 
lube F 50”) into urea, 6 moll? The “Ca in the urea layer and 
in the loading Tyrode solution was estimated by liquid 
scintillation spectroscopy Correction for “Ca carried through 
the silicone layer in extracellular water was made by esti- 
mating the entrained water space with either “C-hydroxy- 
methyl inulin or *SO, both compounds gave similar correc- 
tions 

A23187 and X5374A caused release of histamine from mast 
cells A23187 was active ın the concentration range 01 to 10 
pmol I7! but X537A was active in a concentration range about 
an order of magnitude greater (1-10 umol I?) Both com- 
pounds produced very steep concentration-effect relation- 
ships a two-fold change in concentration almost covered 
the entire range of response Measurements of the fluores- 
cence of A23187 have shown that the cells extract the 10no- 
phore from the aqueous suspending medium, and so the con- 
centrations given are those before the addition of cells, and 
the amount of ionophore within the cell membrane will 
depend on the concentration of cells as well as on the initial 
concentration of the ionophore 


Comparison of Calcium and Strontium 


Calcium alone does not induce secretion of histamine from 
mast cells In the absence of calcium, A23187 caused only 
syght release of histamine, which increased on addition of 
*calcium to the extracellular medium (Fig 1) The 1onophore 
also induced uptake of ealcrum by rat peritoneal cells (Fig 2) 

In contrast, the action of X537A was totally independent 
of calerum and released betweefi 80 and 9095 of the hista- 
mine from cells 1n a medium free of calcium *The range of 


250 


concentration over which the calcium ıs active in the presence 
of A23187 1s similar to the range of concentration over 
which jt 1s active in antigen-antibody-induced histamine 
secretion’, suggesting the possibility of a common receptor 
site for calcium in both instances 

Strontium also activates the release of histamine in the 
presence of A23187 (Fig 1) over the same range of concen- 
tration ın which ıt activates antigen-antibody-induced hista- 
mine secretion The histamine secretion 1n the presence of 
stronttum seems to be small compared with that in the 
presence of calcium, but these histamine releases were 
measured after only 10 min of incubation and further experi- 
ments have shown that the release of histamine in the 
presence of strontium and the ionophore continues to 
increase with time It thus seems that A23187 transports 
enough calcium to activate the release process more rapidly 
than it transports the commensurate amount of strontium 


Effect of Metabolic Inhibitors 


Release of histamine by calcium and A23187 cannot pro- 
ceed when glycolysis and mutochondrial respiration are 
inhibited (Fig 3) X5374A, on the other hand, 1s effective even 
when glycolysis and mitochondrial respiration have been 
inhibited and independently of the presence of calcium, 
which suggests that 1t may act by a completely different 
mechanism One possibility is the simple exchange of extra- 
cellular sodium ions for histamine within the intracellular 
storage granules without exocytosis, which 1s normally 
thought to occur after the fusion of cell and granule mem- 
branes and the consequent extrusion of membrane-free 
granules from the cytoplasm” In contrast, A23187 seems to 
act by transporting calcium into the cell and thereby initia- 
ting a reaction, dependent on intact metabolic processes, 
which results 1n the secretion of histamine. 
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Fig. 1 Concentration-effect curves for calcium and strontium 
in the presence of A23187, 0 6 pmol I-', on histamine secretion 
from rat mast cells O——O, Calcium, @——@®, strontium 
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Fig 2 Change in absorbance of murexide, 80 pmol 17*, induced 
by A23187, 3 umol 177, ın the presence of a partially purified mast 
cell suspension A23187 had no effect in the absence of cells 
and histamine, 1n concentrations likely to be released, had no 
effect Murexide did riot cause histamine release from the mast 
cells Absorbance measured in a dual wavelength spectro- 
photometer at 470 nm, reference beam 510 nm 
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Fig 3 The effect of inhibiting glycolysis and mitochondrial 

respiration on histamine secretion induced by A23187, 0 6 umol 

17! (B), and X537A, 17 pmol I~! (D), in the presence of 1 8 mmol 

I-! calctum Ordinate 1s the fraction of the control histamine 

releases in Tyrode solution which were A23187—64%, 

X537A—83% Cells were preincubated with inhibitor for 
30 min before the addition of ionophore 
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Fig. 4 The effect of magnesium on the histamine secietion 
induced by calcium in the presence of A23187, 1 2 umol 17! 
O——O, 05 mmol l~- calctum, @——@, 20 mmol I~! 
calcium 


If A23187 transports calcium into the mast cell, it 1s likely 
that some other species 1s carried in the opposite direction, 
for the ionophore is thought to act as a carrier The 
transport of this species out of the cell may initiate the secre- 
tory process Magnesium 1s one possible candidate for 
exchange with calc1um At an extracellular magnesium con- 
centration of 10 mmol 171, the response to calcium in the 
presence of the ionophore is depressed (Fig 4) but this 
depression 1s overcome by raising the calcium concentration 
Because the extracellular concentration of 10 mmol 17! 1s 
substantially higher than the normal intracellular magnesium 
concentration, it 1s unlikely that magnesium ıs transported 
from the cell down a concentration gradient It 1s still pos- 
sible, however, to elicit secretion of histamine with calcium 
in the presence of the ionophore Thus it seems that the 
transport of magnesium out of the cell, in exchange for 















Total 





Incuba- VW *5Ca in cells Numb or Change 
Experi- tion histamine |. Histamine (c.p.m.) * of due to oc d 
ment time per sample release No . observa- antigen solution 
(min) (ng) (94) antigen Antigen tions (c.p.m.) (c.p.m. x 108). 
Sensitized ; 
1 1: 180 40 2,511 + 106 4,0654274 5 1,553 1.0 
2 1 100 40 2,948 + 90 7,624 + 533 5 4,676 1.2 
3 i 350 24 5,042 + 1,190 8,139 + 585 3 3,097 19... 
4 1 400 26 5,672 + 2,180 8,058 + 1,710 3 2,386 23 
5 2 700 25 3,120 + 1,303 4,350 3: 1,113 3 1,230 1.0 


Non-sensitized 
1 4,520 +257 





* Mean t s.e. 





calcium, is not essential for histamine,secretion. The reduc- 
tion in the response to calcium caused by magnesium may 
be due to competition between the two ions, similar to that 
described for  antigen-antibody-induced. secretion of 
histamine’. 


The Physiological Stimulus and Calcium 
Movement 


The experiments with A23187 suggest that entry of calcium 
into the mast cell is a sufficient stimulus to the meta- 
bolically-dependent mechanism which results in histamine 
secretion, One possible way in which. the antigen-antibody 
reaction might induce histamine secretion would be by 
allowing. the entry of calcium into the mast cell. Our pre- 
liminary observations on the movement of “Ca suggest that 
this hypothesis is reasonable. Table 1 shows that when 
sensitized mast cells with membrane bound antibody are 
stimulated with antigen in the presence of radioactive 
calcium, there is an increase in the amount of label asso- 
ciated with the cells. At 37° C this movement of “Ca stimu- 
lated by antigen is almost complete in the first fifteen seconds 
following stimulation, which corresponds to the rate of 
histamine release. The technique does not allow a dis- 
tinction between uptake of calcium or exchange of the 
label with non-labelled calcium, The effect of antigen does 
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Lakes Beneath the Antarctic Ice Sheet 


THE technique of radio-echo sounding of polar ice sheets is 
now well established!-?, and three seasons of radio-echo 
sounding from long range aircraft of the US Navy have been 


completed under a joint programme of the Scott Polar Research * 


Institute and the US National Science Foundation. 

During the most recent field season (1971—72) the square 
network of flight lines shown in Fig. 1 was flown over East 
Antarctica using SPRI Mark IV equipment operating at 


_ 60 MHz. The map also includes some flight lines from the 


5 1969-70 season at longitudes beyond 90° E which are relevant 
to our discussion, During the 1971-72 season the improved 
io-echo and navigational equipment gave excellent results 


En Table 1 Action of Antigen on ^5Ca Movement in Sensitized and Non-sensitized Rat Peritoneal Cells 








Cells suspended in a medium containing calcium, 1 mmol I~! at 37° C, 


approaches +10 dB about the mean value. . Harrison* has 














4,693 + 126 173 













not seem to be a non-specific effect of the antigen g 
causing binding of “Ca to the cell surface because dti 
observed with non-sensitized cells having no fixed antib dy 

Our experiments suggest that calcium entry into mast c 
is the trigger to the secretory response. I 

We thank Mrs P. W. E. Demko for technical assistance; 
Jacobson van den Berg for a gift of ‘Versilube F 505. 
Lilly and Hoffmann-La Roche for gifts of tlie ionophores; t 
Medical Research Council for a grant; and Professor B 
Rabin for the use of the spectrophotometer. E 
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over most of the flight lines. A detailed survey of the bedrock: 
echo characteristics over this area has been made during the: 
past year. We conclude that this evidence, in combination: 
with other studies, points to the existence of a number of 
water pockets or lakes a few kilometres wide under certain: 
parts of the ice sheet. 

Our film recording system produces a profile of ice thickness 
similar to that of marine echo sounding (Fig. 2a-d). From 
an aircraft flying at constant altitude profiles of both top and. 
bottom surfaces are recorded as well as reflexions from within. 
the ice mass. Although the strong echo from the upper surface 
$f the ice shows little variation in strength, the normal bottom. 
«cho from inland ice (Fig. 2a) shows strong fading along the 
flight line. The horizontal correlation distance or "fading 
length" of the echo pattern along fhe flight path is of the order — 
of 20 m and the fading range (variation. of etho strength) 
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Fig. 1 Flight lines completed in the 1971-72 season of SPRI- 
NSF radio-echo sounding programme. Some lines from 1969- 


40 are also included. 4, Positions of the sub-ice lakes observed 
on these flights; Wi, scientific stations. 


Kilometres 








SUNT 
NM 


























shown that these characteristics can be explained in terms of 
_ the statistical properties of the ice-rock and ice-air surfaces. 
"To produce fading as seen in Fig. 2 requires a bedrock rough- 
ess with a horizontal scale of 20 m or less and a vertical scale 
comparable to the wavelength of the radio waves (3 m in ice). 
We note also that the irregular echo returns persist for two or 
three microseconds after the first arrival, as a result of the 
Übroad ‘beamed antenna used for sounding which collects 
“scattered energy returns through angles up to 35? from the 
C vertical. The echo pattern could result either from an irregular 
"distribution of morainal rocks of sufficient size in the basal 
"dee, or from the bedrock roughness mentioned above. 
We have noted a number of sites, shown in Table 1, where 
the normal fading characteristics of the bottom echo change 
to that which we would expect from an extended smooth sur- 
face. Examples are shown in Fig. 25, c and d. At these 





Table 1 Location and Width of Sub-Ice Lakes 
Depth of Width along 
Latitude Longitude ice cover flight line 
S E (m) (km) 

T6? 427 122° 45° 3,302 4 

73° 15’ 157° 12’ 2,830 5 

TP 28° 123° 427 3,600 2 

74° 08" 124° 35° 4,094 7 

72° 41° 127° 21’ 3,889 4 

72° 18 123° 34’ 3,254 3 

TT? 59 122° 43° 3,666 3 

73 35’ 156° 23° 2,840 2 

76° 04° 128° 14’ 2,969 2 

15° 56’ 127° 21 3,231 15 *, 

78° 43° 126°05" . = 3,149 4 

75° 00° 121° 527 3,057 1 - 

75° 54° 122° 06" 3,517 4 

75° 10° 126° 30° 3,436 3 

Sy a 120° 21° 4,047 5 
16 76° 42’ 136° 23° 3,101 2 
m 76^ 20° 87? 45° 4,200 7 


seen at an enlarged horizontal scale in Fig. 2d. - 
time the duration of the bottom echo decreases to a length 
similar to that of the transmitted pulse (1.0 us for Fig. 25, c 
and d). These characteristics all indicate that specular reflexion 
is taking place from an extended smooth surface. These 
surfaces seem to be almost horizontal, with slopes generally 
less than | in 150, except for one case with a slope around 
1 in 50. 

There is a marked increase in echo strength of 10 to 20 dB 
as we move from an area of normal fading to one of specular 
reflexion. The reflexion coefficient of an ice-rock interface is 
estimated to range from — 14 to —20 dB (ref. 2), whereas the 
reflexion coefficient at an ice-pure water interface would be 
around —3 dB, provided we are dealing with a thickness of 
water of the order of a metre or more in depth rather than the 
usual sub-glacial film of a fraction of a millimetre. Thus the 
reflexion coefficient suggests that we are dealing with a sub- 
stantial layer of water, rather than an exceptionally smooth 





km 


km 


Fig. 2 a, Typical strong echo from bedrock, showing normal 
fading, and some downward extension of the trace due to non- 
vertical echoes... The column of white dots gives a time reference 
at 5 us intervals; b, clearly defined example of a smooth reflecting 
surface under the ice, showing a steep.scarp. at-.one edge and a 
more gradual slope at the other; c, further example, with more 
"symmetrical sloping rock margins than shown in Fig. 2b; 
d; section from Fig. 2e with the horizontal scale expanded four 
times, illustrating the slow rate and small amplitude of fading 
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Fig. 3 A map of the surface contours of East Antarctica The 
Jake sites (as in Fig 1) are sn to occur in regions of low surface 
slope 


rock floor beneath the ice Furthermore, the immediate 
surroundings of the smooth, near-horizontal sub-glacial echoes, 
where visible on the records as in Fig 2b and c, frequently 
suggest basins with the surrounding rock slopmg down to the 
level of the smooth refféctors, which we will now term lakes 

The location of the sub-ice lakes is shown by the diamond 
Shapes on the map in Figs 1 and 3, the latter showing their 
distribution 1n relation to surface contours of the ice sheet 
The surface contours have been determined as part of our 
sounding programme under the International Antarctic 
Glaciological Project? The results, which have not yet been 
published ın detail, show that ın addition to the highest central 
dome of the 1ce sheet (A 1n Fig 3), two secondary domes, B 
and C, exist in the area we have studied Such domes will 
also be centres of outflow of the ice, so that in their vicinity 
surface slopes are low and the velocity of 1ce movement 1s small 

Sixteen lakes have been discovered in the 1971—72 records 
in addition to one from the 1967-68 season near Sovietskaya 
station, shown in Fig 1 of ref 6, for which a tentative explana- 
tion in teims of a sub-ice lake was made The geographical 
locations of all echoes are shown in Fig 3 Most are grouped 
round the centre of outflow of ice at 75° S, 123° E (dome C), 
while the two near longitude 157? E and the onenear Sovietskaya 
station are near saddles in the ice surface Further details 
are given in Table 1 

The existence of meltwater beneath this part of the ice sheet 
IS not 1n agreement with the computer calculations of Budd, 
Jenssen and Radok!? who estimate basal temperatures of * 
—20? C to —30° C over a region covering the main group of 
specular reflexions Such calculations are based on earlier 
estimates of ice thickness, geothermal heat flux and surface 
aecumulation rates The latest information on these para- 
meters given by the present radio-echo programme and the 
surface traverse of French scientists, both forming part of the 
International Antarctic Glaciological Project, indicates that 
basal melting can occur around dome C when ice depths are 
about 2,900 m or more (D Jenssen, unpublished). Similar 
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conclusions seem reasonable for sub-ice lakes at the other two 
localities In making these calculations, the major uncertainties 
arise 1n estimating the geothermal heat flux, and in assuming 
that the true temperature distribution can be approximated 
by a steady-state system It 1s satisfactory that calculations 
based on the newest data appear compatible with our inter- 
pretation of the radio-echo observations 

Although the presence of basal water seems reasonable, we 
have yet to explain why it should accumulate in certain localities 
since the pressuré gradient beneath a glacier normally serves 
to drive out sub-glacial water In addition to the other factors 
discussed 1n detail by Weertman® the flow of water 1s controlled 
mainly by two factors the ice thickness gradient, and the basal 
slope Looking at the problem in two dimensions, where x 
IS a distance measured along the line of flow, the direction of 
flow, F, can be derived from the balance of pressure gradients 


Fo(— P«gB.— pigdH/ax) 


where p, and pw are the respective densities of ice and water, 
H ıs the ice depth, D. is the basal slope and g the acceleration 
due to gravity If a, ıs the surface slope 


9H]J0, — Qx — Bx 
Taking p, and py such that (p, — pı)/p:=1/10 
Fæ(-B.— 100.) 


Thus flow ın the positive sense due to a negative surface slope 
@x can be prevented by a basal slope in the Opposite sense 
and greater by a factor of at least 10, thus forming a lake 
Such conditions are most likely to be found in localities where 
surface slopes are small, such as domes and saddles on the ice 
Sheet This explains the distribution of sub-ice lakes shown 
in Fig 3, taken in conjunction with the above discussion of 
basal melting We do not expect to find lakes beneath domes 
A and B of Fig 3, since basal temperatures here are calculated 
as well below freezing point 
Once sub-ice basins have filled to overflowing, there may 
well be some interconnexion between lakes by a sub-ice film 
of water, or by sub-ice channels, though according to Weert- 
man$, the latter 1s less likely It 1s, however, likely that much 
of the sub-ice water will be refrozen to the base of the ice 
further out from the centre of the ice sheet It has been 
estimated” that this effect takes place in Byrd Land and seems 
hkely m Greater Antarctica on the basis of temperature 
calculations?:1? Nevertheless, the possibility remains that the 
deeper parts of the sub-glacial floor may permit some drainage 
from sub-ice lakes to the sea 
The presence of lakes beneath an ice sheet at least several 
million years old presents a different problem to that of the 
bodies of water that appear to be trapped near the Ross Ice 
Shelf-Byrd Land boundary described ın Robin, Swithinbank 
and Smith Whereas the latter may be of a relatively recent 
origin in geological or glaciological terms, the latest evidence 
from Hayes et al !!, obtamed during deep sea drilling in the 
Ross Sea by the Glomar Challenger, suggests that the main 
Antarctic ice sheet changed little in size since a retreat some 
5my ago It may be wrong to suppose that basal temperature 
conditions have remained the same over this period, in which 
case the sub-ice lakes may be much younger than the ice sheet 
But we should consider 1f the sub-ice lakes could be as old as 
5 my or more One must take into account the melting of 
ice that will occur at the base of the ice 1f the lakes are to 
persist over such long periods The available geothermal and 
frictional heat will limit such melting to less that a centimetre 
per year and it 1s likely to be of the order of 1 mm yr-* Even 
esuch melting over a period of several million years would melt 
an ice column totalling several thousand meties in thickness 
As this will be basal ice which normally carries moratnic 
material, we should expect such fnaterial to be deposited 1n the 
sub-ice lakes and, in the course of time, to fill therm For the lakes 
to persist, we must postulate a low rate of deposition of 
morainic material from the melting ice Two factors may 
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assist here The first 1s the possibility of a low rate of erosion 
near the centre of the ice sheet and the second 1s that the rate 
of transport of the lowest layers of ice across the lakes 1s very 
low Such effects are to be expected near a centre of outflow 
and may be another reason for the concentration of sub-ice 
lakes ın such areas 

Another question which is raised by the presence of such 
lakes is that of biological conditions in the water The survival 
of any life forms existing 1n these regions before the glaciation 
seems unlikely, considering the environmental changes which 
must have taken place But once basal melting of the ice 
commenced, it would provide a slow, steady influx of micro- 
organisms deposited ın the past on the surface of the ice The 
geothermal heat flux provides a source of energy, and, with 
the oxygen dissolved in the ice, it 1s conceivable that the 
water provides a refuge for any such microorganisms which 
have survived the downward passage through the 1ce, which 
will have taken 105 yr or more 

The practical need for knowledge of conditions at the base 
of the Antarctic 1ce sheet has been given special emphasis by 
the recent proposal of Zeller, Saunders and Angino'? for 
dumping radioactive wastes on the 1ce sheet 

It has been indicated that the possibility of a connexion 
between the sub-ice water and the sea cannot be ruled out, 
and this must call into question any proposal which assumes 
the base of the ice to be totally isolated from the habitable 
world Further, the extent of basal melting 1s critically depen- 
dent on the heat influx at the base of the ice The drastic local 
disturbances caused by the heat output from such dumps, and 
their effect on the dynamics of the ice sheet, must be better 
understood before such proposals can be properly assessed 
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Recent Faulting along the 
Mediterranean Coast of Israel "e 


'Two hypotheses explaining the origin of the present coast- e* 
lune of Israel, one postulating a tectonic, the other merely a 
wave-abrasion, mechanism, have long been the subject of 
controversy The arguments supporting a tectonic origin of 
the coastline are its linearity and the fact that 1t consists of 
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Fig 1 Location map 


an almost continuous line of low cliffs from Khan Yunis 
in the south to Mount Carmel in the north The chief 
argument for an abrasional origin was the dominant trend of 
the waves coming from the west, perpendicular to that 
part of the coastline 

Systematic observations made by us since 1961 along the 
coastline, the adjacent cliffs and the offshore littoral zone 
from Gaza to Caesarea have revealed the following 

(A) At various localities (Fig 1), horizons of naturally 
deposited marine shells are found at different elevations 
(3 to 40 m), on or near the top of the cliffs In some 
places these beds are found as far as several hundred 
metres landward from the shoreline (Ashdod, Gaza) The 
beds are dominated by the aragonite-secreting pelecypod 
Glycymeris violacescens (Lmk) and are found either on 
the surface or interbedded ın the sandy sediment, in places 
forming a layer up to 1 m thick Usually the shells overlie 
either kurkar (cemented aeolinite) or hamra (red loam) 
of upper Pleistocene to Holocene age At several localities 
(such as Ashgelon, Mikhmoret and Caesarea) the beds are 
found overlying ancient sites of Roman to Crusader times 
In some cases, pottery sherds of various ages (the latest of 
which 1s Mediaeval-Crusader) are interbedded and imbricated 
within the Glycymeris accumulations The fact that many 
of the sherds have been rounded through wave action into 
pebble-like fragments 1s of special importance 

(B) Sand dunes which occur along most of the coast of 
Israel terminate abruptly north of Nahal Tanninim (Fig 1) 
Most of these sand dunes are today inactive, partly stabilized 
by vegetation In the south (Ashdod, Ashqelon, Gaza) these 
dunes cover settlements as young as Early Moslem, which 
were originally built on red loam (hamra) plains In the 
central and northern parts of the discussed area, the coastal 
cliffs are much higher (up to 50 m above sea level) than in 
the south, and the sand dunes are found on top of the cliffs 
(Herzliya, Netanya), at Gaash, for example, they cover a 
Byzantine settlement located 41 m above sea level These 
relatively high, near vertical cliffs are only 10 to 20 m from 
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the shoreline and there 1s not sufficient space for the pre- 
vailing westerly winds to drive the sand upward on the 
cliffs These sands are known to be derived originally from 
the Nile River and transported by sea currents 

(C) The seafloor from the coastline to several hundred 
metres seawards is rocky ın patches From Tel-Aviv to 
Mount Carmel these patches of rocks may reach sea level, 
and their westward termination is well marked on air 
photographs as a long straight line 

The submerged breakwater of the Herodian harbour of 
Caesarea}, built about 10 Bc, 1s crossed by this straight line 
(Fig 2) Lead joints cast by the masons at that time in 
order to strengthen the walls were found in situ during 
submarine archaeological studies? at the entrance of the 
breakwater, west of the rocky bottom, more than 10 m 
below sea level (Fig 2) As the lead joints must have been 
cast above sea level, this part of the harbour must have 
subsided by at least 10 to 15 m since its construction 

(D) The absolute ages of the specimens of Glycymeris 
violacescens from several localities (Table 1) were determined 
by the “C method The shells were first checked by X rays 
to ensure that they remained aragonite and that no recrystal- 
lization had occurred The age homogeneity of the speci- 
mens in every sample was verified by its %O/'O ratio’. 
Table 1 gives the results of the "C analyses (made at the 
Weizmann Institute) as well as sample descriptions, localities 
and elevations The absolute ages of all the samples from 
the different elevations above sea level range from 2,100 to 
3,800 yr Be But some of them were found interbedded 
and imbricated with pottery sherds as young as 700 yr BP, 
and accordingly that dates the deposition and accumulation 
of these marine shells 

This apparent age discrepancy prompted several “C age 
analyses of G violacescens samples from the huge accumu- 
lations of loose specimens which occur near the present 
waterline, essentially at sea level These shells, which were 
formerly assumed to be recent, yield ages ranging from 
1,150 to 1,500 yr Bp (Table 1, samples X to XIII) This age 
span might represent a delay time during which the shells 
were transported from the depth at which they usually live‘ 
to the present beach * There seems no doubt that all the 
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Fig 2 Bottom physiography of the Herodian harbour in 

Caesarea (after Linder and Leenhardt!) as modified by the 

authors—based on air photographs and seismic profiling results, 

showing the termination of the ro bottom along the presumed 
ault line 





14C Ages, Localities and Description of G/yeymeris Shells Analysed 





Age BP * Description 


Samples from the coastal cliff 


Table 1 

Sample Field Elevation 
No No Location Coordinate (m) 
I M683 Ashgelon 1074/1199 12-13 
II L690A t Ashgelon 1074/1199 12-13 
III 686 Ashdod-Yam 1140/1314 23 
IV 687 Ashdod-Yam 1140/1314 22 
V 689 Yavne-Yam 1180/1400 9 
VI 745 Tel-Barukh 1305/1710 20 
VII 748 Nahal Poleg 1355/1906 40 
VIII Mikhmoret 1356/2007 3-5 
IX 231 Caesarea 1397/2098 3-5 
X M688 Ashdod-Yam 1138/1315 0 
XI M688A Ashdod-Yam 1138/1315 0 
XII  L690Bt Ashdod 1067/1190 0 
XII  MN381 Palmahim 1221/1491 0 
XIV RT373  Palmahim 0 
XV 394 Principality of Monaco -20-30 -20-30 


2,610+130 Bedded shells, mediaeval pottery sherds, gravel on 
calcareous aeolianite ridges 

2,500 Bedded shells, mediaeval pottery sherds, gravel on cal- 
careous aeolianite ridges 

2,120+200 Shells on surface of red sandy loam 


2,360+260 Shells within sandy loam 

3,800+210 Bedded shells within sand dune 

2,920:-220 Shells on surface of red sandy loam 

3,800+150 Shells on surface of red sandy loam 

2,800+360  Bedded shells with Byzantine pottery sherds and gravel 
deposited on calcareous aeoliamtes 

3,300+160 Shells on surface with mediaeval pottery sherds and 


gravel 


Samples from the present beach 


1,500+300 Shells from accumulation on present beach, least corroded 

1,520+200 Shells from same accumulation on present beach, most 
corroded 

1,300 Shells from accumulation on present beach 

4,150+120 Shells from accumulation on present beach 


Living specimens 


MU 
°. 0 


Monodonta sp 
Glycymeris violacescens 


M ————————————— i CO CO 


* These results represent the time since the death of the molluscs 


But the time of deposition of the shell beds might be regarded as 


appreciably younger, as may be deduced from results obtained on present beach samples (X-XIII) and the ages of interbedded pottery sherds 
. . 


(see text) 


T Collected by D Neev in 1961 


Preliminary results by Lamont Radiocarbon Laboratory, Palisades, NY, 1962 
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fossils mentioned incorporated a zero C age initially. This 
‘is shown by the normal (zero) "C age found in the present 
day samples of the live material (Table 1, samples XIV and 
XV), sample XIV is a gastropod (a Monodonta sp), col- 
lected alive from the Israel coast, and sample XV comprises 
shells of G  violacescens, collected at Monaco, where it 
flourishes at a depth of about 30 m 
Though great quantities of G violacescens shells are very 
common on the Israeli beaches, only a few live adult speci- 
mens were ever found, in spite of persistent searching and 
dredging Their present day absence may be due to eco- 
logical reasons which influence their distribution in this part 
of the Mediterranean 
Avnimelech*, who discussed the phenomenon of the 
Glycymeris beds, related them to the Flandrian transgression 
(6.000-12,000 yr ago) Our data suggest that the beds were 
deposited much more recently and that they have been 
lifted to their present position due to a tectonic mechanism, 
and not a eustatic one Moreover, to assume even a 10 m 
rise of the sea level means that the seawater would have 
reached far inland, covering large parts of the lowland and 
valleys No evidence of such an extensive transgression 
has been found The effects of the tide in this region (some 
30-40 cm) can be neglected 
It seems that the entire coastal zone, at least from 
Ashqelon to Caesarea, was downwarped and submerged 
under the Mediterranean,waters This submerged position 
was maintained for some time during which the marine 
shells, rounded pebbles and coastal sand dunes accumulated 
Later, the offshore littoral zone west of the fault line 
remained submerged, whereas the area east of the fault 
(along the present coastline) was uplifted to its present 
position This tectonic event probably occurred later than 
700 yr Be (mediaeval age of the latest interbedded pottery 
sherds, the submergence of the Herodian breakwater and 
the dunes and molluscan shells covering the early Moslem 
sites) But the earhest age of this event could not be more 
than 3,800 yr Bp, the age of the oldest marine shells 
We assume that these complicated tectonic movements 
are part of a more regional process, due to which the coastal 
plain, shelf and slope of Israel were arched and the coastal 
Zone was submerged The tension created as a result of 
this arching was probably released by the uplifting of the 
eastern side of the fault, along the present coastline 
We thank Dr O de Villoutreys (Monaco) for supplying 
the live specimens of Glycymeris violacescens, Mr R 
Schlesinger (Weizmann) for helping with the “C analyses, 
and Mr I Perath, Mr M Raab and Mr A Bein of the 
Geological Survey, Jerusalem, for a critical reading of the 
manuscript 
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Methylmercury in Estuarine Sediments 


INDUSTRIAL mercury discharges into natural waters have been 
effectively reduced during the past several years 1n the United 
States In areas such as Mobile Bay, which previously re- 
ceived sufficient quantities of anthropogenic mercury 
effluents to require a ban on commercial fisheries, ıt 1s now 
critical to determine if the residual contaminated sediments 
are a reservoir of mercury compounds which could be 
detrimental to the fishery on a long term basis It 1s well estab- 
lished that mercury accumulates in particulate material’? 
and may subsequently be transferred from sediment to fish? 
Laboratory studies! suggest that diagenetic processes jn 
natural sediments can transform inorganic mercury to mono 
and dimethylmercury, increasing the pollution hazard The 
methylated forms of mercury have been found to be more 
toxic to organisms than inorganic or phenyl mercury com- 
pounds®® Here we report the first published results on the 
concentration and distribution of methylmercury compounds 
in natural sediments “from polluted and unpolluted coastal 
environments 

Our study was designed to include a wide range of typical 
estuarine environments discharging into the Gulf of Mexico 
Surface sediments were collected and analysed from the 
Mississippi. Delta, Mobile Bay and the Florida Everglades 
Several short gravity cores collected in Mobile Bay were also 
analysed to study vertical dispersion of mercury in the sedi- 
ment All the sediment samples were frozen immediately 
after collection and returned to the laboratory for the deter- 
mination of total mercury, methylated mercury and total 
organic content Total mercury was determined by flameless 
atomic fluorescence The method of Rudling? was slightly 
modified to determine the combined monomethyl and 
dimethylmercury in sediments In our procedure the 
methylmercury was converted to its bromide complex 
rather than to tts chloride complex A Varian 2100 gas 
chromatograph with a Ni-65 electron capture detector was 
used for the analyses Standard addition experiments 
were performed to ascertain the efficiency of extraction 
(approximately 80%) The precision measured on 
four replicate samples was +18% *' The limit of detection 
was approximately 002 ng g^! of material Sample organic 
content was taken as the difference ın weight after com- 
bustion at 600° C for 4h 





Table 1 Methylmercury, Total Mercury and Organic Matter in Surface 





Sediments 
Total % MeHg V^ 
Location Station Hg MeHg  oftotal organic 
(ngg ^) (ngg) He carbon 
Mobile Bay 16 210 0 06 0 03 55 
19 600 019 003 114 
Mississippi River 1 140 <0 02 «001 05 
5 80 «002 «001 24 
10 510 0 05 001 69 
15 570 005 001 94 
Everglades 4 120 0 06 0 05 20 
14 120 0 08 007 , III 
17 490 012 0 03 690 


Surface sample data from the three areas are presented 
in Table 1 The methylmercury concentration varied from 
less than 0 02 ng g^? to 019 ng g^, the high value being in 
the estuarine sediments from Mobile Bay The most interest- 
tng aspect of the data is the fact that the methylmercury con- 
tent never represents more than 0 0795 of the total mercury 
present, the average 1s 003% The four samples from the 
Mississippi River have exceedingly low methylmercury con- 
centrations whereas samples from the Everglades nad Mobile 
Bay are comparable This is of interest since Mobile Bay 
received chloralkal: effluents until recently whereas there 
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Fig. 1 Distribution of methylmercury,with depth in sediment 
cores from Mobile Bay O, Station 16, A,station 19 


are no known anthropogenic mercury discharge sources in 
the vicinity of the Everglades 

Measurements of methylmercury with depth 1n two cores 
from Mobile Bay were also made Both cores were reducing 
except for the upper 4 to 5 cm Figure 1 shows that the 
methylmercury values decrease with depth to minima of 
approximately 002 ng g^! Figure 2 shows that the methyl- 
mercury concentrations vary from 004% to 0006% of the 
total mercury Jernelov’ suggests that the rate of methylation 
1s considerably reduced ın anoxic systems, which may par- 
tiaily explain the low methylmercury concentrations observed 
in the sediments studied 

Other studies m our laboratory have demonstrated an 
enrichment of up to thirty times of dissolved mercury 1n sedi- 
ment pore water relative to overlying estuarine water? Our 
results indicate that methylation processes do not play a 
major role in the postdepositional migration of mercury in 
estuarine sediments Thermodynamic calculations suggest 
that polysulphide complexes with mercury may be the basis 
of a mechanism producing the enrichment of mercury 1n 
sediment pore water" Release of mercury into pore water 
combined with diffusion or sediment mixing by dredging and 
wave action provides a mechanism for the detoxification of 
contaminated sediments Future studies should concentrate 
on the Kinetics of mercury-sulphide systems in simulated 
pore water environments 

The presence of methylated mercury as the predominant 
form of mercury in many aquatic animals? has resulted 1n 
an emphasis ın many bioassay studies on direct exposure of 





Depth (cm) 





0 ool 002 003 004 005 
Me Hg+ Me Hg Me total Hg (°,) 


Fig. 2 Distribution of methylmercury as a percentage of total 
mercury in sediment cores from Mobile Bay ©, Station 16, 
A, Station 19 
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test organisms to methylmercury in water Our results 
suggest that future toxicological studies should emphasize 
biochemical mechanisms for synthesis of methylmercury from 
inorganic mercury species 
This work was supported by a grant from the Environ- 
mental Protection Agency Ship time was provided on RV 
Tursiops under a grant from the National Science Founda- 
tion We thank Mr D Taylor for assistance with the 
analyses and Dr George Knauer for comments 
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Interstellar Radio Communication and 
the Frequency Selection Problem 


THE largest microwave radio telescope on Earth, at the 
Arecibo Observatory of the National Astronomy and Iono- 
sphere Center, will soon have the capability of communi- 
cating with an identical radio telescope, 1f such exists, any- 
where in the Galaxy But such communication assumes 
some previous agreement between the transmitting and 
receiving civilizations, or mutual discovery of the chosen 
radio frequency, bandpass, information rate and each other’s 
location 

The question of frequency choice 1s a prime one, for once 
the frequency and location are identified, the bandpass and 
information rate can readily be determmed empirically. 
This 1s a difficult problem For example, with even the 
exceptionally wide bandpass of 1 MHz, there are some 105 
possible channels to be examined over the entire radiowave 
spectrum This problem could be greatly eased if one could 
establish one or a few frequency channels which are 
"natural"—that 1s, which are specified clearly by an 
astronomy, chemistry or physics which is shared in common 
between transmitting and receiving civilizations 

The first suggestion of such a natural frequency! was the 
1,420405 MHz hyperfine transition. of neutral atomic 
hydrogen, the most abundant atom in the Universe The 
few serious searches for interstellar radio. communication 
which have been performed have been restricted to this 
frequency?" To date these few searches have yielded 


*e negative results But' even under rather optimistic assump- 


tions, the mean distance to the nearest technical civilization 
works out to be several hundred light years, and the corre- 
sponding number of stars which must be searched ıs ~10° 
(ref 6) Thus negative results'in the examination of ~10? 


ee D 
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stars do not constitute a significant finding, even under 
optimistic assumptions The anticipated probability of suc- 
cess in the efforts to date ıs about 107* This underlines 
the magnitude of effort called for, and the great possible 
advantages of using "natural" frequencies 

It 1s useful to consider whether alternative and more 
attractive natural frequencies exist In the galactic plane, 
the 1,420 MHz line 1s noisy, which decreases its attractive- 
ness Under not unreasonable assumptions, 1t may be the 
very long-lived and more distant civilizations which domi- 
nate interstellar radio communications traffic’? Because 
of the problem of distance, a clearer frequency may be the 
communications channel of choice 

There are now many other interstellar microwave lines 
known, in which the confusion due to emission or absorp- 
tion ın the line is less in some cases than for the hydrogen 
hyperfine transition, but the large number of such lines 
makes a preferred choice difficult The first or second over- 
tone of the 1,420 MHz line 1s one answer to this problem? 

Here we propose two alternative natural frequencies for 
interstellar radio communication based on two quite different 
and, we feel, attractive arguments Noise ın sophisticated 
interstellar radio links will have four components the 
galactic noise the 27 K isotropic blackbody background 
radiation, the quantum noise of the radiation itself, and 
perhaps noise from a planetary atmosphere Present infor- 
mation" places the minimum sky noise temperature from 
all four of these sources at about 5 K centred at a frequency 
of a few GHz This ıs not far from both the hydrogen 
hyperfine transition and the principal hydroxyl microwave 
transition frequency of 1,667358 MHz, and thus close to 
the frequencies associated with the components of the water 
molecule 

Life on Earth 1s in many ways water based Even when 
facing a caveat to avoid water chauvinism, there are power- 
ful biochemical and cosmic abundance arguments that 
extraterrestrial life will, in the main, also use water as a 
solvent system’ Accordingly, the proximity of the prin- 
cipal microwave transitions of H and OH to the minimum 
sky noise region has suggested to Oliver’ that the preferred 
communications channel is this “water hole" between 
1,4420 and 1,667 MHz Even here, however, there still 
remains a multitude of possible channels We therefore 
point out that there 1s a well defined “natural” frequency 
in the water hole a frequency selected by the centre of 
mass of the water molecule itself 

This frequency can be obtained by assigning 1,420 405 
MHz to the H atom and 1,667 358 MHz to the OH radical 
The natural frequency 1s then the one associated with the 
centre of mass of the molecule, and 1s given by increasing 
the OH frequency or wavelength by an amount Mg/Mog 
times the frequency or wavelength difference, respectively, 
between the H and OH transitions 

There 1s, of course, an ambiguity caused by the fact that 
one may relate the frequencies or the wavelengths to the 
spatial geometry of the molecule Either approach, how- 
ever, gives nearly the same answer, the frequency analogy 
leading to a frequency associated with the centre of mass 
of 1,653 541 MHz and the wavelength analogy leading to 
a frequency for the centre of mass of 1,651295 MHz 
It 1s probably more reasonable to choose the second, wave- 
length-derived, frequency, since one 1s there using lengths 
as analogues to lengths, but this rationale 1s primarily 
aesthetic and possibly provincial Probably the most ob- 
jective choice, since ıt avoids making a selection between 
the frequency and wavelength analogue, is to take the 


mean, either arithmetic or geometric, between the two e 


frequencies, which gives the “natural” 
1,652 418 MHz 

If there are other solvent systems for some subset of 
extraterrestrial eorganisms, 1t may be that they communicate 


on a correspondingly weighted channel for the transition 


frequency of 


~ bw or 
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frequency for their principal solvent system, ammonia for 
example If there are any organisms with solvent systems 
based on simple hydrocarbons, they would be unable to 
use this scheme since there are no permitted microwave 
transitions for such molecules 

There is also an entirely different “natural” frequency 
uniquely specified by the intersection of two fundamental 
sources of noise the blackbody background and the 
quantum noise of radiation The corresponding frequency 
kTy/h, where k and k are the Boltzmann and Planck con- 
stants respectively, is 56 GHz for T ẹ=27 K The 
frequency cannot be specified to higher precision because 
of present uncertainties in the precise values of Ty, This 
channel, at a wavelength of about 54 mm, 1s unavailable 
from the surface of the Earth because of the strong 
molecular oxygen limes nearby Communication on this 
channel requires radio telescopes m space which will 
probably be available soon (especially on a stellar evolution- 
ary time scale) The,galactic sky background at 56 GHz 
is only slightly noisier than in the 1 65 GHz channel 

The 56 GHz channel has the provocative property of 
being determined simultaneously by quantum mechanics 
and cosmology The same frequency for this “quantum/ 
cosmology” channel should be derived for any civilization 
within the Galaxy A transmitting civilization of Type III 
(ref 16) in a distant galaxy will, however, have trans- 
mitted its signal to the Earth at an earlier cosmological 
epoch, when T was larger than 1s measured today This 
will tend to increase the “natural” frequency The cosmo- 
logical Doppler effect will, however, tend to decrease the 
frequency Were such a signal received in the millimetre 
waveband but displaced from 56 GHz, its frequency might 
even be used to deduce the distance and epoch of trans- 
mussion of the signal 

The National Astronomy and Ionosphere Center 1s 
operated by Cornell University under contract with the 
National Science Foundation 
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Before you read our 
new radiochemicals catalogue... 


Before you read about the comprehensive range of 
labelled compounds and isotopes offered in The 
Radiochemical Centre new radiochemicals catalogue 
you should be assured about value for money in terms 
of follow up service. You should know that, no matter 
where in the world you are situated a call to The 
Centre's local distributor can not only arrange prompt 
delivery of exactly the product you need—it can also 
mobilizefor youthefull resources of The Radiochemical 
Centre, Amersham. Our experienced technical staff 
are always ready to advise you, in writing or in 
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person—they have already visited customers in more 
than 40 countries, and will travel well over half a 
million kilometres during next year. 
Next time you need a labelled compound, remembe 
that The Radiochemical Centre is as close as yo 
local distributor. A call to him is virtually a call to 
Amersham. If need be we'll fly to your aid. It's all part 
of the unique service that adds up to real value for 
money. 

e Please write for your copy of the new catalogue or the 


., ame of your local distributor. 


* *. 


The Radiochemical Centre Limited Amersham England d 
m cU Vo oU ee 


NATURE OCTOBER 5 1973 


Our scanin 


una um . AUN 


WAND BG 


*. N \ ` Y NX mM — 
SOWA S ^ 





NATURE OCTOBER 5 1973 IX 


Chicago started a riot 


Chicago April 1973. World debut of the new Cambridge 
Stereoscan 180, the world’s first fully integrated scanning 
electron microscope. Response from the world’s leading 
microscopists overwhelming. In less intellectual surroundings 
would have been called a riot. 








Stereoscan 180 deserves the acclaim. Because Stereoscans 
are used and appreciated in over 500 laboratories in 24 countrit 
See for yourself how the Stereoscan range matches your resear 
need. 


Stereoscan 180 is ‘tomorrow’s SEM today. Take the 
continuously variable, fully compensated 1-60kV working 
voltage for instance. Or the dual display chanaels with alpha 
numeric data display. Or, integral signal processing for the 
selection of a wide range of display modes. These, and other 
major state-of-the-art refinements, combine to make the 
Stereoscan 180 a wise investment in future knowledge. 


Stereoscan $4-10 No other SEM in the S4-10's price 
range has the flexibility to cope with a wealth of applications 
from transmission facilities right through to quantitative and 
qualitative X-ray analysis. With a resolution guaranteed to 100 
plus other hard working features, the S4-10 helps its user 
contribute to research ona truly international scale. 


Stereoscan 600 is ideal for the organisation that 
requires a simpler, effective, more compact, genuine SEM at a 
budget price. The 600 saves manpower with the introduction of 
concise training programme for potential users. With modest si 
requirements and simple maintenance, the 600 makes your 
investment budget stretch even further. 


Whether it’s in Chicago, or elsewhere across the world, 
Stereoscan will cause quite a stir. Especially in intellectual circh 
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And add a NEW DIMENSION to 
your thinking. If your research pro- 
blem involves mieromolecular stu- 
dies, then the LKB Microcalori- 
-metry Systems enable you to use 
the heat involved in the pr to 
measure ic parameters, such as 
enthalpy and entropy. This is im- 
portant for biochemical and chemi- 
cal systems where the "heat" di- 
mension has been ignored. As well 
as providing data on fundamental 
thermodynamic properties, many 
analytical purposes can also be ser- 
ved. 
Applications of the LKB Microcalo- 
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Studies related to bacterial cul- 
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« Structure of proteins and nu- 
cleotides. 
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"BIOLOGICAL SCIENCES 


Cell Cycle Regulation of Mating Type 
Alleles in the Smut Fungus Ustilago 
violacea 


THE sexual cycle of the smut fungus, Ustilago violacea, is 
initiated by conjugation between uninucleate, yeast-like haploid 
sporidia of opposite mating type. The mating type is determined 
by a pair of alleles (a, and a,). Mating is achieved by the co- 
operative assembly of a tube between the paired sporidia. After 
copulation the haploid nuclei remain separate and a dikaryotic 
mycelium is established. This dikaryon is an obligate parasite 
of a host plant (family Caryophyllaceae). Nuclear fusion 
(karyogamy) is induced in hyphae inhabiting the anthers of a 
host plant and a diploid brandspore is formed. When the 
brandspore germinates its nucleus e divides meiotically to 
re-establish the haploid sporidial phase’. In this basidiomycete 
plasmogamy and karyogamy are temporally separated and the 
mechanisms governing each can be analysed separately. We 
wish to report here observations on the relationship between 
the cell cycle and cellular morphogenesis (manufacture and 
assembly of the conjugation organelle) in the sporidial phase 
of the life cycle. We have evidence that mating depends on the 
stage in the cell cycle of conjugating sporidia. The mating type 
alleles are differently regulated during the cell cycle, as cells 
bearing allele a, seem to be under stringent control and copulate 
only during the G, phase of a cell cycle, while cells bearing the 
dominant a, allele have a relaxed control and can initiate 
conjugation during most of the cell cycle. 

In U. violacea, conjugation is initiated when cells of opposite 
mating type are brought into contact on a medium free of 
nutrients. Mating consists of a synchronous series of bio- 
Chemical and morphological events. During the first 2-4 h of 
mating distinct morphological changes are not observed, but 
experiments in progress indicate that during this period the 
genes governing mating are transcribed and translated. Between 
4 and 8 h after the initiation of conjugation the mating organelle 
is assembled and later elongates to the mature mating con- 
figuration’. 

We studied the influence of the cell cycle on the mating 
activity of a mixed culture of the two mating types using sucrose 
gradients to synchronize the sporidia?. We inoculated the top 
fraction from a sucrose gradient that contained less than 10% 
budded cells (the logarithmic population has 50-609; budded 
cells) into complete medium and followed DNA replication 
in that culture by measuring *C-adenine incorporation as the 
culture grew out synchronously. We removed cells from the 
synchronous population at fixed intervals and tested them for 
conjugation by washing them and transferring them to the 
s surface of a non-nutrient agar plate. Random cultures show 
40-50 ° conjugation 12-24 h after initiation of mating while the 
early G, fractions from synchronous cultures always exceed 
this value and generally reach 60-70% conjugation. As the 
synchronous population passes through G,, conjugation 
decreases steadily to a low of about 20% during S phase and G, 
then rises to a second peak after the culture passes through 
mitosis and enters G,. A typical result is shown in Fig. 1. It 
should be noted that the second synchronous cycle shows a 
similar but less marked effect, presumably because cell syn- 


chrony is decreasing. This result clearly indicates that conjuga-, 


tion occurs primarily in the G, phase of a synchronous mixed 
population and that it is inhibited during the S phase. 


We have substantiated this latter observation by using 


hydroxyurea to block DNA synthesis in synchronous cultures?. 
A population in which DNA synthesis was prevented main- 
tained a high level of conjugation (7077) even though budding 
- continued. As the inhibited cells passed through the block in 

-DNA replication, the level of conjugation decreased to less 





| 1055. In other words, a blockage in DNA replication does. 
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Fig. 1 The cell cycle and mating ability. About 10° cells of à 
log phase population containing approximately equal numbers 
of the two mating types were centrifuged in a 16 ml 0-30% 
sucrose gradient for 10 min at 300g at room temperature, The 
top fraction, about 2 ml containing roughly 10° unbudded cells, ` 
was inoculated into unlabelled complete medium and into a 
parallel culture that included 0.1 pCi ml^* *C-adenine (#€-8- 
adenine, 54 mCi mmol}, International Chemical and Nuclear’ 
Corp.) in the complete medium. Samples were removed at inter- 
vals, centrifuged, washed in distilled water and transferred to 
non-nutrient agar then scored after 24 h incubation at 22° C fòr- 
percentage conjugation. Aliquots were also withdrawn from the 
labelled culture, washed and hydrolysed with 0.2 ml N KOH for 
12-16 h at room temperature. DNA was precipitated from the 
alkaline hydrolysate by adding excess 20% trichloroacetic acid 
and the precipitate was collected. The radioactivity was deter- 
mined using a liquid scintillation detector. Samples of the grow: . 
ing cultures were also observed using acridine-orange fluorescence 
microscopy to determine the mitotic index. The budding index 
(percentage of cells with buds) was also determined, and it was 
noted that bud outgrowth was synchronous and was initiated > 
shortly after the start of S phase. The generation time of the 
organism was approximately 8 h in this experiment. The terms = 
G,, S and G, refer to the period from termination of mitosis to 
the beginning of DNA replication, the period of DNA synthesis 
and the time from completion of nuclear replication to the start. - 
of mitosis. A, Percentage mitosis; @, DNA C-adenine; X, 
percentage conjugation. 


not prevent budding, yet maintains the culture in a state of” 
readiness for mating. Again cells entering S phase lost their 
ability to mate. i 
To test whether or not the two mating types were under 
similar control during the cell cycle we mated cells in synchro- 
nous stages of the cell cycle with cells of the opposite mating 
type in random stages of the cell cycle. The results of a typical- 
experiment (Fig. 2) demonstrate that the cell cycle effect 
Observed in mixed cultures is due solely to the refractoriness of ` 
mating type a, during the phases of the cell cycle beyond Gy.: 
Mating type a, maintains its readiness for copulation through- ` 
out the cell cycle. These cell cycle controls of each of the two. 
mating type alleles are expressed in both the prototrophic 
original isolates! and amino acid auxotrophs derived from. 
them by mutation and recombination. We have termed the 
behaviour of mating type a, a stringent cell cycle control while. 
mating type a, has a relaxed cell cycle control. The terms: 
stringent and relaxed do not refer to the influence of amino 
acid auxotrophy but to the cell cycle control of the expressión 
of the mating type alleles. The experiments that. we have. 
completed so far are entirely consistent with a hypothesis that 
there is a sex message which is an mRNA molecule or molecules 
hat is transcribed from the gene or genes governing sexual 
morphogenesis. The sex message is translated into proteins 
that organize and assemble the organelle for conjugation (th 
conjugation tube). The mechanism governing transcription of - 
the sex message in sporidia at different stages ip their cell cycl 
has provided a unique and revealing insight into the regulation. 
of sexual morphogenesis determined by a. relatively simpl 
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" Fig. 2. The cell cycle regulation of mating ability is different in 

the two mating types. Log phase populations of either (a) a, or 
by a, haploids were separated using a 15-30 % Sucrose gradient 
inva Sorvall re-orienting z zonal rotor. Cells were collected in 
“fractions starting at the bottom of the gradient (these fractions 
` were mainly large budded cells in G,). The cells in different 
fractions were tested for their ability to mate with an equal 
"number of cells from a log phase culture of opposite mating 
type (percentage conjugation (X)). The budding index (percent- 
age of cells with buds) in each fraction was also determined (9). 


limit the differentiation of higher cells to the G, phase. 
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Temporal Allelic Interaction, 
ad Kind of Dominance 





; age-related’. 


70 
Bottom -——— Fraction No, ———» Top 


: mating type locus. The requirement that mating type a, undergo 
sexual morphogenesis during G, is reminiscent of the morpho- 
“genetic behaviour of most higher eukaryotes whose cells 
“differentiate almost exclusively during G,. The mating allele a, 
“has, like the chromosomes of higher organisms, a stringent cell 
< cycle regulation over the morphogenetic activity that it affects. 
-—The cell bearing dominant allele a, enters sexual morphogenesis 
during most of the cell cycle, and so regulation of the activity 
of the allele is termed relaxed. A fuller elucidation of the 
molecular basis of the control difference between alleles a, and 
a, could enhance an understanding of the mechanisms that 


ilium. free of nutrients!, Earlier reports from this laboratory 
ising diploid, triploid and tetraploid cells showed that allele a; 
is dominant in log phase cultures (heterozygous cells conjugate 
with cells homozygous for a, but not cells homozygous for aa). 
Heterozygous cells in stationary phase cultures failed to mate 
even though all the stationary phase homozygous cells mated 
‘actively. Consequently, the dominance of allele a, is termed 


1 We can now explain age-related dominance in the light of * 
-recent experiments on the cell cycle control of sexual morpho- ee 
genesis. We report elsewhere that in haploid cells allele a, can 
e induced to transcribe "sex message" only when the cell is 
G; (a: stringent cell cycle control) while its dominant allele a, 

| induced during thë entire cell cycle G relaxed cell cycle 


organisms, stationary phase cultures of U. olaca are arrested 
in G,. Thus a hypothesis to explain age-related dominance 
became apparent. We argued that heterozygous’ diploids 
(aya) may retain the cell cycle controls of both alleles. In that 
event the stationary phase cells that are arrested in G, may 
produce sex message at both of the alleles and their products 
might effectively cancel out when produced simultaneously 
within the same cell. This would explain why stationary phase 
ad, cells mate with neither a, nor a, partners while stationary 
phase homozygous cells continue to mate with their appro- 
priate partners. 

If our premise that alleles a, and a, retain their unique cell 
cycle control features in the heterozygote is correct then in a log 
phase culture of the heterozygote those cells which were not in 
G, would produce a, sex message only because, as we have 
noted previously, the a, allele remains refractory to trans- 
cription during the later stages of the cell cycle, Allele a, would 
seem to be dominant, but only in those cells that were not in G,. 
Cells in G,, from a log phase population, would behave similarly 
to stationary phase cells in the sense that they would not mate 
with either partner. 

We have confirmed the general features of this hypothesis by 
using two experimental approaches. First, we determined the 
ability of aa, cells to conjugate with a, partners during the 
synchronous growth that follows reinoculation of a stationary 
culture to fresh medium. DNA replication was followed in the 
culture using a parallel inoculum grown in the presence of 
MC.adenine. As Fig. 1 shows, the synchronous population 
regains its ability to conjugate within 30 min of reinoculation 
and the percentage conjugation remains high throughout the 
subsequent S phase, through the G, phase and decreases 
rapidly during the following G, phase. These observations 
strongly support our hypothesis that the simultaneous activity 
of both mating type alleles produces a sexually neutral strain 
during the G, phase of the cell cycle while the innate repression 
of allele a, during the later parts of the cell cycle allows allele 
a, to be expressed. The residual activity during G, of the second 
cell cycle following reinoculation most likely results from a lack 
of complete synchrony, as many cells wquid not have completed 
their first cycle. 
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Fig. 1 The recovery of mating ability on outgrowth of a 
stationary phase heterozygous diploid. aaz cells were re- 
inoculated to complete medium at 0 h and samples were tested 
for ability to mate with an equal number: of cells from a log 
phase a, culture (% conjugation (@)). Incorporation of 4C- 
adenine into DNA was followed in a parallel culture (B)*. The , 
x pudding ir index was also determined Q9 
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Fig, 2 The effect of the cell cycle on mating ability of a hetero- 
zygous diploid. A log phase did, population was collected in 
fractions after sucrose gradient centrifugation. The fractions 
were tested for ability to mate with a stationary phase a, culture 
(34 conjugation (@)). The budding index (X) and incorporation 
of MC.aderine into DNA in a one hour pulse (IR) were also 
determined for different fractions. The incorporation of "C- 


adenine into DNA was determined as in ref. 3, but differs in the 


sense that the rate of adenine incorporation is being measured 
in the present experiment. 


A second experiment, involving a log phase aid; population, 
provided strong confirmation of the initial observations on 
regulation of sexual éxpression in the heterozygous strain. In 
this experiment, fractions at different stages of the ceil cycle 
were collected from the logarithmic population using a 15 on 
3097 sucrose gradient in a re-orienting zonal rotor of the ultra» 
centrifuge’. The G, cells which have almost terminated the 
budding cycle were mainly at the bottom of the sucrose gradient 
and most of the unbudded G, cells were at the top of the 
gradient, while the S phase cells with small buds were in the 
middle. Figure 2 shows the percentage conjugation of aa, 
cells in different fractions of the gradient together with the 
ability of these fractions to incorporate 44C-adenine into DNA. 
The percentage conjugation was very high (about 90) in 
fractions that contain mainly G, cells and very low in fractions 
containing many Gi cells. There is also indication that G, cells 
may be more competent to mate than S phase cells. 

Both experiments described here show conclusively that 
aaa cells cannot mate while in the G, phase of the cell cycle, but 
that as the cell progresses through its cycle into the S and G; 
phases it acquires the ability to conjugate. The sexually compe- 
tent cells behave as if the a, allele were dominant, therefore 
confirming the hypothesis suggested from work on the cell 
cycle control of separate alleles in haploid cells*. This genetic 
control system exemplifies a hitherto undetected mechanism of 
dominance, namely one based on different temporal propertieg 
of the alleles, such that the heterozygote has the combined 
temporal properties of the individual homozygotes. 

In the mating system described here the combined effect of , 
the two active alleles is to neutralize the expression of both. 


If, however, the unique temporal properties of the alleles of *e 


a other loci are preserved in the heterozygous state and these 
|. alleles are additive, then a hybrid could be more active than 
_ either of its homozygous parents. We suggest that the type of 




















temporally determined allele behav 
perhaps be involved in heterosis, as a heterozygote may 
longer time period for transcription than either homozygot 
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Sex-associated Differential 
Fluorescence of Mudminnow © 
Chromosomes and Spermatozoa- 


Most fishes have morphologically undifferentiated - 
chromosomes and sex determination is believed to be undi 
gene control, probably through the production of alternative 
enzymes!, The idea that differentiation of fish sex chromio- 
somes is usually relatively primitive has been supported b 
genetic experiments involving, for example, sex reversals and 
gynandromorphisms?. Recently, however, sex chromosomes 
of the XX-XY, XX-XO, and WZ-ZZ types*~*, as well as 
multiple sex chromosomes *'?, have been documented in certain 
groups of fishes. Thus, fishes seem to display various. cyto- 
logical sex-determining mechanisms, some primitive, others 
elaborately specialized. xd e 
We believe that the differential fluorescence observed in 
morphologically identical chromosomes in a significant 
percentage of males of the mudminnow, Umbra limi, repre- 
sents a "heterogenic" sex-determining mechanism that may 
be an early step in the evolution of heteromorphic sex chromo- 
somes. 
The distal end of the long arm of the human Y chromosome 
fluoresces when stained with quinacrine mustard? or quinacrine 
dihydrochloride?, and this region can be detected in approxi- - 
mately 5094 of human spermatozoa?-!!. "We therefore : 
investigated the possibility of identifying such fluorescing bodies 
(F bodies), which might be associated with sex determination, 
in the spermatozoa and chromosomes of fishes. Xu 
Male and female specimens of the central mudminnow, U 
limi (Kirtland) were collected from two populations: Crane 
Brook, 1 mile north of Montezuma, Cayuga County, New 
York, and Duck Lake, at Spring Lake, Cayuga County, New 
York.  Flame-dried chromosome preparations!^? were 
made from testis, gill, fin, kidney and spleen tissues 5 h after 
the specimens had received a 1 ml intraperitoneal injection of 
0.059; colchicine. For spermatozoa and meiotic preparations, ' 
ripening testes were removed, swollen for 20 min in distilled © 
water, fixed for 5 min in 3: 1 methanol-glacial acetic acid; and 
dabbed onto a microscope slide to release a slurry of cells 
which was then flame-dried. These slides were then stained 
with quinacrine dihydrochloride!* and viewed with a Leitz 
Orthoplan fluorescence microscope using a Ploem vertical 
illuminator and HB 200 type W4 high pressure mercury burner. - 
BG 12 and BG 38 exciting filters were used with a combination 
of K 510 suppression filter and KP 490 interference blue filter, 
The chromatin within the heads of spermatozoa fluoresced 
evenly, and 81-96% (X=88%) of the spermatozoa from 
esixteen out of twenty males had a distinctive, much brighter 
F body (Fig. 1E, Table 1). In four out of twenty males, only 
42-58%, (X — 5095) of the spermatozoa exhibited an F body. — 
Some of the spermatozoa exhjbited two F bodies (Table 1) 
which may reflect one or more of the following possibilities. 
(1) The spermatozoa were diploid; (2) there was non-disjunc- 















Fig. 1 Diagram showing position of F bodies (white circles) in 
fluorescing mitotic chromosomes of U. limi in 80% of males 
and 100% of females (A) and 20% of males (B). Diagram 
showing position of F bodies in fluorescing meiotic chromo- 
somes in 80% of males (C) and 20% of males (D). Diagram 
showing position of F bodies (arrowed) in spermatozoa (E). 
Although not shown in the diagram, the F bodies in chromo- 
some pair II were much brighter than in pair 1. 


tion of chromosome pair II (Fig. 1C) at meiosis; (3) a centric 
fission-fusion mechanism is operating in chromosome pair Il 
of some males resulting in the concentration of fluorescing 
material in one chromosome; or (4) some background 
fluorescence was shining through. 

The diploid karyotype of U. /imi'* consisted of twenty-two 
chromosomes, eighteen metacentrics and four submetacentrics. 
No heteromorphic sex chromosomes could be distinguished. 
All the chromosomes exhibited an even, moderate fluorescence 
except for the much brighter F bodies situated close to or at 
the centromeres in two pairs of chromosomes (Fig. 2). No 
differentially fluorescent banding patterns were evident as in 
humans and other mammals. 

The sixteen males exhibiting F bodies in 88%, of the sperm 
also had prominent F bodies on four metacentric chromosomes 
(Fig. 1A; Fig. 2). Two apparently homologous chromosomes, 
here designated pair I, each had an F body on each chromatid 
just below the centromere while another pair of smaller 
metacentrics, pair Il, each had a fluorescing F body (actually 
three fused F bodies) at the region of the centromere (Fig. 1A). 
In these same males, chromosome pairs I and Il exhibited F 
bodies at meiosis but the fluorescence in the two F bodies in 
each chromosome of pair 1 appeared fused into one F body 
because of their highly contracted state and proximity (Fig. 1C). 

The four males exhibiting F bodies in 50% of the spermatozoa 
had only three mitotic chromosomes exhibiting F bodies. 
Both members of pair I and one member only of pair II had 
F bodies (Fig. 1B). Likewise, at meiosis, both members of 
pair I had an F body, but only one member of pair II had 
this structure (Fig. 1D). The F body seen in one member of 
pair II exhibited a much greater fluorescent intensity than F 
bodies in pair I chromosomes. Thus, the 50% frequency of 
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Table 1 Comparison of Percentage of Spermatozoa Exhibiting 0, 1 or 
2 F Bodies in Males from Two Populations of Umbra limi 





% of spermatozoa with 


No. of 0, 1, or 2 F bodies * No. of 
specimens 0 l 2 Observations 

Crane Brook population 

7 7.03.5 89.4+3.2 3.6-- 2.8 700 

3 50.4 8.4 46.43- 6.2 3240 1,100 E 

Duck Lake populatiop 

4.1 * 3.1 86.7 5.2 92:- 5.4 2,000 

1 42.5+0 57.5-0 0.0 200 


+ Mean s.d. 
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F bodies in spermatozoa of these four males was exactly the 
expectation for segregation of pair I1 chromosomes at meiosis. 

All twenty females had F bodies on mitotic chromosomes of 
pairs 1 and H in the exact location as 80%, of the males (Fig. 
IA). Thus the females and 80% of males were “Shomogenic”’ 
for the F body in chromosome pairs 1 and Il, while 20°, of 
males were **heterogenic" for the F body in pair II. 

The sex-associated differential fluorescence in chromosomes 
which are not morphologically differentiated may reflect 
differences in DNA composition (high G-C or A-T content) 
or differences in gene activity as a function of DNA-associated 
non-histone protein'*-'5, In any event, the net result would 
be sex-associated differential gene action. 

The fact that not all males were heteromorphic for the F 
body warrants further research. Three hypotheses seem 
applicable. (1) There is a polymorphism of the nuclear non- 
histone protein as a result of a male hormone-chromosome 
interaction. This occurs in all males, but is grossly visible by 
quinacrine fluorescence only in some. Thus, degrees of 
hormone-chromosome interaction may vary!'?. In this con- 
nexion it is interesting to note the non-fluorescence in the Y 
chromosome and spermatozoa of a human male with primary 
infertility and a low sperm count??. (2) A centric fission- 
fusion mechanism is operating in chromosome pair II of some 
males resulting in a concentration of fluorescing material in 
one chromosome. If the exchange is reciprocal, pairing at 
meiosis is normal. (3) The homogenic males could be in the 
beginning stages of sex reversal and are already expressing 
cytological *'femaleness" in their fluorescence patterns. Both 
protandrous and protogynous hermaphroditism have been 
reported in fishes?', and there is some evidence that smaller 
and younger specimens of U. /imi are predominantly males, 
while larger and older individuals are mostly females??. This 
evidence, although circumstantial, suggests that some prot- 
androus hermaphroditism may be operating in some popula- 
tions of Umbra limi. 





Fig. 2 Mitotic metaphase spread of fluorescing chromosomes 


from gill epithelium of “homogenic” male of U. limi. 
arrows point to chromosomes exhibiting F bodies. 
chromosome is about 9 um long.) 
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Low and High Affinity Antibodies 
Can Alternate during the 
Immune Response 


ANTIBODY affinity usually varies during the course of the 
immune response. This information has been acquired by 
studying antibodies present in the serum (for review see ref. 1), 
released by single cells in semi-solid media?~!° or, more 
recently, synthesized in vitro and released into liquid medium 
by lymph node microfragments!!+?2, 

Early reports!?-!5 suggested a steady increase in antibody 
affinity up to a plateau but this is not always the case. Recent 
work has demonstrated variations in antibody affinity with 
time after immunization which parallel the. modifications in 
antibody títres'", and a fall in the association constant by the 
end of the response". Moreover, it has been shown that 
antibodies with low affinity persist for a long time, even after 
high affinity populations have declined!9:1?, In some cases, 
antibodies with a distinctive affinity, functionally homogeneous 
or very restricted, appear very early and remain unchanged 
over long periods??-7??, Controversial data also exist with 
regard to variations of antibody heterogeneity in terms of" 
affinity. Some workers have found a progressive increase in 
heterogeneity?'!? while others have reported the reverse, or 
more complicated patterns*-5412.23-27 — Tr would seem then 


that variations in antibody affinity, corresponding to changes *ereported here. i 


in-antibody populations which in turn indicate modifications 
_ at the level of antibody-forming clones, are complicated and 
. do not follow a constant pattern. 

Part of this complexity may arise because in some cases the 


bodies, those present in the supernatant of the cultures between 
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Fig. 1 Profile of the anti-B-p-galactosidase activating-antibody 
titres (active enzyme units (A, EU) ml-!) during ‘the ent 
course of an immune response im vitro. The culture: tub 
contained five lymph node microfragments (~ 5 x 10* cells pe 
. fragment) from a rabbit immunized with 1 mg-of the enzym 
(in complete Freund's adjuvant, one injection, in the foot-pad 
1 yr before starting the culture. Each microfragment w 
challenged at zero time with 5 ug of enzyme. for 30min, at 
37° C. Four consecutive antibody-titre cycles can be distin- - 
guished, taking about 1 month each. Figures close to the curve 
indicate the association constant (Ko in 1 mol-! x 105) of the 
activating antibodies at the corresponding time of cultivation: 
Figures between parentheses indicate the heterogeneity index (a). 


data are fragmentary. Serum and/or cell samples may have . 
been taken too far apart, precluding the construction ofa 
profile of the time-course variations in antibody affinity: after - 
immunization. Usually sera from various bleedings have been 
pooled and, from these, antibodies have been purified. Both 
manipulations may have led to intermixing and artefactual 
selection of antibody molecules. Moreover, in most studies 
antibodies have been induced and synthesized in vivo, in the 
whole animal. In this situation antigenic stimulation and 
antibody production are subjected to several regulatory and 
interfering factors which cannot be controlled or avoided. 
Furthermore, antibodies reaching the serum from various 
antibody-forming clones make a complex mixture. which 
renders difficult the identification and characterization of 
antibody populations. nds 
As accurate data on the sequential appearance of different. 
antibody populations are essential to the understanding of the 
mechanism of clonal dynamics after antigenic challenge, we 
have developed an in vitro system that makes possible the study — 
of this process under relatively simpler and better controlled con- 
ditions (refs 12,28 and 29), Thesystemconsists ofa combination 
of a microculture method!?:23 with the use of B-p-galactosidase 
(E. coli) as an antigen??-??, This makes it possible for anti- 
body measurements using very small samples to be made. 
Antibodies elicited and synthesized in vitro by lymph node 
microfragments can be serially studied, every 2 to 5 d for 
several months, avoiding the necessity of pools and purifi 
tions. The methods have been published elsewhere (refs. 
12, 28 and 29). 
In previous studies we analysed microcultures containing. 
small numbers of cells (10* to 105) and the antibody response 
could be followed for up to 40 d, We observed either a 
progressive rise in antibody affinity with time of cultivation 
or no modifications of the values found in very early samples! 
Here we describe another pattern in which affinity variation 
follow an undulating profile. This pattern was observed only 
in multifragment cultures producing a long lasting antibod 
response (more than 100 d), that is, in four out of ten cultures 


In Fig. 1, four consecutive antibody-titre cycles can be 
distinguished, taking about one month each, This pattern. 
was confirmed in three separate determinations. Early anti- 
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Fig. 2 ‘Sequential changes in the association constant of the 
anti-B-b-galactosidase activating-antibodies during the immune 
EL EN response in vitro shown in Fig. |. 


5 and 10 d, are of low affinity and rather heterogeneous. Anti- 
body affinity changes cyclically (Fig. 2) in a way that for each 
rise and fall in antibody titre, there is a distinctive affinity 
correspondence. Within each antibody-titre cycle the asso- 
ciation constant tends to rise, but a decline occurs by the end 
of the cycles. Considering the entire course of the response 
the sequential modifications in antibody affinity do not proceed 
uninterruptedly towards higher values, but rather low and high 
affinity antibodies predominate alternately (Fig. 2). Very late 
antibodies (the latest that can be measured by the end of the 
response) are of low affinity. The degree of heterogeneity 
creases where two antibody-titre cycles join, which indicates, 
at this point, an overlapping of antibody populations with 
different. affinities. 
The oscillations in antibody titres resemble the variations 
Observed in mice immunized with the somatic antigen of E. 
coli? and can be seen in the example shown in Fig. 1, probably 
because the sequential replacement of antibody populations 
| simple enough to be noticed. This may be because of 
stimulation of very few clones, one after the other, with little 
overlapping. The phenomenon could be explained by an alter- 
‘nating predominance of antibody-forming clones; when the 
ominant clone decays to a low level of antibody synthesis 
-another one can be stimulated?^ and, in turn, take over the 
response. 
` The continuous replacement of antibody-forming clones 
underlying the consecutive changes in antibody affinity is, 
then, more complex. than envisioned in the past. These 
changes cannot be explained simply by the concept of cell 
election by antigen' in its simplest version. This postulates 
that decaying amounts of antigen selectively stimulate anti- 
;body-forming cell precursors bearing surface, antibody-like 
eceptors with the higher affinity, and implies a constant rise 
n the association strength of the secreted antibodies. Although 
is hypothesis may be essentially correct?-5:35 it seems at 
sent to be an over-simplification'?'*°. 
ther mechanisms may also be involved in determining the 
dynamics of the clonal replacement during the immune 
response. In this respect cell to cell collaboration may play 
ome role, for example by helping antibody-forming cell 
yecursors endowed with receptors with relatively lower 
affinity to be triggered, and even to take over the response. 
Whate r the mechanism may be, the alternation of low and 
high affinity antibody-forming clones would have a great 
selective. advantage in promoting an enlargement of the 
‘memory potential and avoiding its restriction to high affinity 





antigen doses on subsequent agressions. This idea is supported 
-by the fact that late after immunization a broad spectrum of 
memory cells Co-exist in terms of affinity with a restricted 
serum antibody population of high affinity?*. 


| gnificance of la 
affinity remains to be established. Hyp 


memory cells. In this manner the organism would acquire * 
the. capability. to. react adequately agáinst a wide range of ee 





ntibodies with low 
othetically, one may: 
think that they are molecules released by memory cells, or à 
T cell product?" which, on interaction ‘with antigen, form 
aggregates that would facilitate stimulation of antibody- 
forming cell precursors? "??. 
We thank Dr F. Celada for helpful discussions. 
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Collagen of Marfan Syndrome is 
Abnormally Soluble 


MARFAN syndrome, which is inherited as an autosomal 
dominant trait with variable expressivity, results from a 
diffuse or generalized disorder of connective tissues. It 






























connective tissue. When patients die of the disorder it 
is usually because. of abnormality of the connective tissues 
-ofthe large vessels leaving the hear". We wish to present 
evidence that collagen produced by fibroblasts cultured 
from individuals with Marfan syndrome is more soluble 
than normal in solvents used to extract it. Such abnormality 
was first proposed by Macek et al.. 

We used cell cultures which had undergone between 

= five and twenty population doublings after primary culture. 
Some of the cultures had been stored in liquid nitrogen 
for periods up to 7 yr. Cells were maintained in Dulbecco 
and Vogt's.medium* supplemented with 15% foetal bovine 
serum and when experiments were in progress this nutrient 
médium also contained 25 ug ml^'! of sodium ascorbate 
to promote synthesis of collagen’. Replicate, 15x 60 mm 
culture dishes were inoculated with 2-3 x 10* cells in 4 ml 
of nutrient medium and allowed*to grow for 14-18 d 
with changes of medium every 3 or 4 d. These cell layers 
which had remained at confluency for at least a week 
were then scraped into 2.5 ml of either 1.0 M NaCl 
buffered to pH 7.5 with 0.05 M Tris, or 0.5 M acetic acid. 
After transfer to small tubes with ‘Teflon’-lined caps the 
collagen was extracted by shaking gently at 4? C for 24 h. 
After centrifugation the supernatant and precipitate were 
each hydrolysed in 5 ml of 6 N HCl at 105° C for 15 h 
and the amount of hydroxyproline determined’. 

Total hydroxyproline and percentage extracted by 
neutral salt or acetic acid are recorded in Table 1. In the 
first series of experiments the contents of one 60 mm 
culture dish were assayed ; in the second two dishes were 
combined and assayed. Other differences in methodology 
between the first and second series should be noted. In 

r the first, use of a gyrorotatory shaker probably accounts 
E for differences in the amount of collagen extracted in 
separate experiments since the vigour of extraction varied. 
In the second series, greater reproducibility but more vigour 
of extraction. was obtained by a reciprocal shaker with 
a 1.25 inch stroke at 60 cycles per min (to and fro=one 
cycle). In spite of procedural variations, in each experi- 
.ment.a larger proportion of total collagen was extracted 
:by acetic acid from six different Marfan cultures than 





Table 1 Hydroxyproline Extracted from Cell Layers of Seven Control and Six Marfan Cultures 


s not known, however, whether the primary defect.resides — 5 
"dn elastic fibres, collagen. or some. other component of” 
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Neutral salt Acetic acid Urea — Insolu 
Fig. 1 Solubility of recently synthesized control (LJ, 125) and 
Marfan (@, 341) collagens. Replicate control and. Marfan. 
cultures were exposed for 8 h to ?H-proline (1.0 pCi mirt; 519. - 
mCi mmol-') after 18.d of growth. The cell layers were then ~ 
extracted sequentially by 2.5 ml of 1.0. M. NaCl buffered to pH 
7.5, 0.5 M acetic acid, and 8.0.M urea. Radioactivity in hydroxy-. - 
proline of hydrolysed protein in the extracts and residue. was- 
then determined. The results were plotted as percentages of 
the total radioactivity in een for each replicate 
culture. ; 1 


from controls. This difference varies from as little as 
1.7 times as much for Marfan cultures to as great as 
6.2 times as much, and averages 2.8 times for the fist | 
experiments and 2.4 times for the second series of experi- 
ments. There was no consistent difference between: control 
and Marfan cultures in total amount of collagen present, 
nor did variation in amount of collagen produced affect 
the greater extraction of. Marfan collagen by acetic acid. 
We postulate that a molecular defect in Marfan collagen 
accounts for its unusual solubility. S 

It is well-recognized. that. there is a progressive increase 
in degree of: crosslinking of collagen with time after 
synthesis. and fibril formation"? which renders it progres- 
sively more insoluble. We therefore devised an experiment 
to compare the solubility of newly synthesized and older 
collagen of control and Marfan cultures. After 18°d of 
growth the cell layers of a series of replicate cultures 





Control Marfan AE. 
Culture Total hydroxy- Percentage extracted in: Culture Total hydroxy- Percentage extracted in: = 
No. proline (nmol) Neutral salt Acetic acid No. proline (nmol) ^ Neutral salt Acetic. acid. 
First series of experiments : 
135 50 18.4 17.8 252 38 16.0 WAS 
125 115 5.4 8.2 252 176 6.1 11235 
135 227 7.2 9.8 343 29 11.6 60,7... 
350 12 5.0 8.7 344 142 44 259 
345 26 T.3 29.0 
309 40 9.0 13.9 346 35 8.3 230. ^ 
Mean 89 9.0 11.7 74 9.0 330 
Second series of experiments SMS 
351 230 8.7 23.0 341 219 8.1 38.4 : 
135 80 6.5 17.8 341 223 15.1 60.3 
357 331 12.4 21.4 252 291 19.0 50.9 o 
357 257 — 23.7 252 347 — 70.6. 
357 722 — 16/7 , 252 244 — 384. 
354 482 — 20.3 345 142 MEL 2802 
Mean . 350 92 20.5 244 14.1 49.8. 





Two Marfan cultures (252 and 341) were established in this lalseratory; one (343) was donated by Dr Arthur Falek, Georgia Men 
^... Health Institute, Atlanta, Georgia; and the three others were obtained from the American Type Culture Collection Cell Repository, Rockvi 





non: 







Ld + * 
Each row of figures represents a separate experiment, and each number represents the mean of two or more determinations. - 


Maryland... Our numbers 344, 345 and 346 correspond respectively to CRL 1128, CRL 1173 and CRL 10M. All individuals had establish 
clinical diagnoses of Marfan syndrome. Two were from the same family (345 and 346). The source of the primary explants was skin. T! 
Marfan cultures were all established in this laboratory in the Section of Medical Genetics. Explant sources were foetal skin (135), 

kin (125, 354 and 357), autopsy thymus (309), and adult skin (350 and 351). DU a : 
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Neutral salt Acetic acid Urea Insoluble 


Fig. 2. Solubility of previously synthesized control (0J, 125) 

and. Marfan (Z2, 341) collagen. Replicate cultures were exposed 

tto ?H-proline for 8 h on the fourteenth day of growth, fresh 

unlabelled medium applied and the cell layers extracted sequen- 

‘tially with neutral salt, acetic acid and urea 4 d after labelling as 
x indicated in the legend to Fig. 1. 


were subjected to sequential extraction first by neutral 
salt, then by acetic acid and finally by urea. Some of 
hese cultures had been exposed for 8 h to radioactive 
roline 4 d earlier, while others were exposed to the 
iotope for the immediately preceding 8 h. The amount 
Kf radioactivity was determined in hydroxyproline of 
hydrolysed protein in the different extracts’. Using this 
.specific labelling procedure newly synthesized collagen 
«Fig. 1) could be distinguished from older collagen 
“synthesized 4 d earlier (Fig. 2). There was no consistent 
difference in solubility of collagen synthesized recently by 
control and Marfan cultures (Fig. 1) in any of the three 
solubilizing agents, and on average the same percentage 
remained insoluble. Consistent differences were found, 
iowever, in solubility of collagen produced 4 d earlier 
< control and Marfan cultures (Fig. 2. A greater 
portion of Marfan collagen was extracted into each 
f the three solubilizing agents and less remained insoluble. 
the solubility properties of newly synthesized Marfan 
gen differed. little from normal, but after the forma- 
on of fibres, Marfan collagen failed to become insoluble 
€ same extent as did normal collagen. A second 
Xxperiment gave similar results. Newly synthesized Marfan 
collagen was 1.2 times more soluble in all solvents than 
the control (compared with equivalent solubility in the 
rst experiment), whereas older Marfan collagen was 2.5 
times more soluble than control (compared with 1.7 times 
in the first experiment). Of course an abnormality could 
be present in newly. synthesized Marfan collagen which 
is not expressed in its solubility properties until the fibres 
begin to mature. 
> The results of. these experiments have not identified the 
molecular defect making. Marfan collagen more soluble. 
Although we favour the hypothesis that a molecular defect 
present in Marfan collagen which interferes with subse- 
nt formation or stabilization of some of the crosslinks 










between molecules in collagen fibres, other hypotheses 
could also explain the results reported here. An abnormality | 

in proportion of the different kinds of alpha chains, three 
of which comprise a single collagen molecule, could also 
result in fibres that are partly abnormal and more susceptible 
to solubilization. It is even conceivable that the abnormal 
solubility of Marfan collagen is secondary to a molecular 
defect in some other component of connective tissue, 
although there is no firm basis in connective tissue 
biochemistry for this hypothesis. 

The finding of abnormal solubility of Marfan collagen 
is important for at least two reasons. First, it may lead 
to clarification of the molecular defect in this disorder, 
and second, it may provide a basis for early diagnosis 
(possibly antenatally) on cultured cells, a problem which 
has assumed greater importance since the suggestion that 
prophylactic treatment with agents to reduce myocardial 
contractility (reserpine or propanolol) mày delay or 
prevent the lethal effeets of the disease in great vessels 
leaving the heart? 
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Institutes of Health. 
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Ethanol Oxidation by 
Human Erythrocytes 


ANALYTICAL studies, recently reported on the stability of ethanol 
in stored human blood, unexpectedly showed that human 
erythrocytes could oxidize ethanol to acetaldehyde!. The 
mechanism??? was linked with the oxyhaemoglobin-methaemo- 
globin redox system*. I consider here the implications of blood 
ethanol oxidation in two relevant areas, namely, the stabiliza- 
tion of ethanol in blood samples taken from motorists who 
fail a breath test and also the possibility of ethanol metabolism 
by erythrocytes in vivo. 
e We were originally interested in the stability of ethanol in 
blood samples obtained as a result of current legislation for 
the control of the drinking driver. The appropriate legislation 
* , in this country is the Road Safety Act 1967, now consolidated 
in the Road Traffic Act 1972, which makes. it:an offence for 
** the drinking driver to exceed 80 mg‘of ethanol per 100 ml of... 
blood (80 mg%). LOST Ad : 


No increasing blood ethanol concentration was found in 





storage experiments. The consistent losses of ethanol in these 
samples from live individuals contrast strongly with the ethanol - 
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Fig. 1 Ethanol concentration against time for a blood sample 
at room temperature. 


increases found by others in blood samples taken at autopsy?:5, 
Ethanol losses in blood samples from live individuals had 
previously been observed'-?, but there was no satisfactory 
explanation for these and consequently no recommendations 
for an effective means of stabilization. 

Scientific problems have been encountered with a small 
proportion of prosecutions under the Road Safety Act when 
cases have come to court!?. A common feature in such cases 
has been a long period of storage of the defendant's sample 
at room temperature before analysis and in my experience the 
analyst engaged by the defence has found a significantly lower 
ethanol level than the forensic science laboratory which earlier 
provided the official analysis. 

Three requirements must be satisfied before stable samples 
can be obtained from live individuals. The blood containers 
have to be effectively Sealed, a preservative such as 1% sodium 
fluoride added to prevent microbial growth, and the ethanol 
oxidation mechanism has to be blocked with an inhibitor, 
sodium fluoride being ineffective in this respect. For samples 
at present collected in connexion with the Road Traffic Act 
the third condition is not satisfied and therefore I suggest that 
ethanol oxidation by erythrocytes has been a major source of 
inter-laboratory discrepancies. 

The ethanol oxidized in whole blood plotted against time 
at a typical ambient temperature of approximately 20° C is 
shown in Fig. 1. The shape of this graph is independent of the 
initial ethanol concentration, and shows clearly how a sample 
which is originally well above the prescribed limit can fall, 
within a normal storage period for defence samples of a few 
weeks'?, to a value below it, thus causing a difficult problem 
for the courts to resolve. As the standard deviation for blood 
ethanol determinations by gas chromatography!! near the 
prescribed limit is currently below +2 mg% the resultant 
discrepancy is likely to be statistically significant. 

Previous experience had shown that compounds which 


sc 


Table 1 Ethanol Concentration Change for Blood Samples During 
16 Weeks at 20? C* 


Change in ethanol 


Inhibitor used in blood sample concentration (mg %) 


_ None . —16.0 
Sodium azide (0.5% w/v) +0.7 
Sodium bisulphite (0.5% w/v) —2,3 
Sodium dithionite (0.597 w/v) -23 

ium nitrite (0,595 wv). -03 


for ethanol changes +2 mg%. 


— destroyed oxyhaemoglobin inhibited ethanol. oxid 


"Epidermis Cells as the Receptor for x 
* Juvenile Horinone : 








blood samples. Here I report the use of four inhibitor 
concentrations of 0.5% w/v which can each stabilize ethano 
in blood, dithionite and bisulphite because they- reduc 0) 
haemoglobin to haemoglobin, and nitrite and azide whic 
cause oxidation of oxyhaemoglobin to methaemoglobin. 
Table 1 shows the change in ethanol concentration for a norma’ 
blood sample compared with the loss for four inhibited samp 
during 16 weeks at approximately 20? C. The inhi 
samples do not show any significant change in ethanol conce 
tration. Although further details of this work will be reported 
later, understanding of the oxidation mechanism has d 
stabilization of ethanol in blood to be achieved, e 
long periods of storage at ambient temperatures; .. 
The main site of ethanol metabolism in vivo is t 
cytoplasm of liver cells although metabolism may a 
to some extent in several other organs including the brain’ 
The dominant enzyme is alcohol dehydrogenase with nicoti 
amide adenine dinucleotide as the hydrogen acceptor. Et anol 
may also be oxidized by the peroxidase-xanthine oxidase- 
catalase system or other oxidases!?, the mixed function 
enzyme'* and also by the microsomal ethanol oxidizing 
system!5, S 
The initial rate of ethanol oxidation in vitro was determined 
for the whole blood of ten individuals at 37^ C and the res 
was 0.23+0.06 mg% per h. Assuming that a similar | te 
occurred in vivo and the total blood volume was 5 1, this woul 
yield a rate of ethanol oxidation of approximately 0.2 mg pe 
h per kg of body weight. This should be compared. with 
total metabolism of approximately 100 mg per h per kg of 
body weight'é. Erythrocytes therefore do not seem to pla 
any significant role in the total metabolism of ethanol in ma 
K. W. SMALLDON . 
Home Office Central Research Establishment, 
Aldermaston, Reading, Berkshire 
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Ribonucleoprotein Particle in 


JuvENILE hormone maintains the larval character of insects! 
In the imago it controls. maturation of oocytes and yolk : 
deposition?, and low. doses ofthe hormone and its analogues. 
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Fig. 1. Changes in distribution of H in the epidermis (x ) and the 
‘yemaining body parts (©) of pupae of Tenebrio molitor L with 
‘time. -Pupae were injected with 10-* mol 17! labelled hormone 
"dni plinsect Ringer solution. After defined time periods the 
epidermis was separated from the remaining body and both 
"body parts homogenized in 50 mM Tris (pH 7.4). After 
addition of 1 ml methanol the undegraded hormone was extrac- 
“ted with 3 ml petrolether. The products of degradation remained 
in the aqueous phase. After evaporation under nitrogen the 
- > lipophilic phase was separated by thin layer chromatography on 
silica and the band of the hormone eluted with dioxane. The 
radioactivity of the hormone band and the radioactivity of the 
aqueous phase were counted in a liquid scintillation counter. 
By relating with an external standard 100% yield was calculated. 
“All operations were at 4° C. The ratio (Q) of undegraded 
<- e hormone to total radioactivity in % is plotted against time. 


ause persistence of the cutis of the pupae at the site of 
pplication?, Otherwise the insect develops to a normal imago. 
igher doses there is an increase of hormone action which 
oduces intermediates between pupa and imago* and in this 
case too the main accent is on the cutis. We have tried to 
ablish whether the epidermis cells which form the cutis are 
iochemical target organs for the hormone and its analogues. 
/ definition a target organ accumulates the hormone against 
[ concentration gradient and degrades it more slowly than 
on-target organs. We also searched for the molecular basis 
f this function. 
CAs an analogue of the juvenile hormone we used [2,3-?H- 
:propenyl]- 10,11 -epoxy -6,7 - trans- 2,3 - trans- farnesylpropenyl- 
ether [designated as H]. The compound was labelled with 
:3H and had a specific activity of 28 Ci mmol-!. 
We compared the decomposition rate of H in the suspected 
target organ epidermis with those in the lymph and all remain- 
ing organs taken together. H is accumulated in the epidermis 
while at.the same time it is decomposed quickly in the 
ymph and in the remaining organs (Fig. 1). This demon- 
trates that the epidermis cells of Tenebrio molitor pupae form 
he main target organ for the juvenile hormone. 
Next we wanted to approach the molecular mechanism of 
accumulation and reduction of H degradation rate in 
pidermis cells compared with the remaining organs. It was 
thought that H binds to a specific receptor in a analogous 
way to oestrogen receptor binding. By tracing the radio- 
activity of bound and free H after separation on a ‘Sephadex’ 
column (‘Sephadex’ G200 fine), it is seen that H binds to a 
- high molecular substance both in vitro and in vivo in homo- 
. genates of epidermis cells which were washed free of lymph. 
‘H can. be recovered from this binding almost quantitatively, 
“and unaltered by extraction with lipophilic solvents. The H 
“receptor complex has a molecular weight of 360,000+ 395, as 
found by gel chromatography (‘Sepharose 6 B’ and ‘Sephadex’ 
.G200 fine) in Tris-buffer (pH 7.4), containing 0.4 M KCI, 
10-? M EDTA? 1 vol. % ‘Triton X100'. Its isoelectric point 
4.4 as determined by the method of Radola®. Under the 








onditions used (concentration of H and composition of buffe 
only one single high molecular substance was found. . Treat- 
ment with 6 M urea does not change the molecular weight of 
the complex. This indicates that the receptor is not composed 
of H-binding subunits. The specificity of the receptor is evident 
from its high affinity constant for H which is 4.4 x 101? | mol-, 
calculated from the results of gel filtration using the method 
of Scatchard’, This explains the molecular basis for the 
accumulation of hormone analogue in the target organ (epi- 
dermis) from which the receptor was extracted. 

In view of the low concentration of the receptor of 1.7 x 10-19 
mol I~! in a pupa we have not attempted to isolate it for further 
structural studies. We tried to obtain information on its 
nature by digestion with specific enzymes. Assaying the 
hormone binding of the receptor by gel filtration it was seen 
that DNase and phospholipase C do not have any influence 
whereas trypsin and RNase destroys the receptor complex. 
No H-binding activity smaller than receptor could be detected. 
RNA and protein are oonstituents of the receptor. 

The RNA content of the receptor suggests other functions 
as well as accumulation. This suggestion is supported by 
recently published results on oestrogen and androgen binding 
RNP particles of target organs óf mammals®. These have a 
different molecular weight and therefore perhaps a different 
intracellular localization and function. 
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Model for the Mating Protocol of 
Synchronously Flashing Fireflies 


THE synchronous flashing behaviour of Asian fireflies has drawn 
the attention of Western naturalists for more than 100 yr, 
and was reported even earlier'. Recent research and interest 
have been devoted to the physiological mechanisms of syn- 
chrony and the group display phenomenon, and have neglected 
consideration of individual fireflies within the swarms, their 
mating behaviour, and the significance of synchronizing to 
the individual. In this article I deal with these aspects of the 
biology of these fireflies. In Melanesia I observed eight species 
of Pteroptyx, the synchronizing fireflies, and. fifteen species of 
Luciola, an allied genus. From these observations, published 
notes of others concerning Pteroptyx and observations of 
ninety-six species in other firefly genera, a model for the basic 
‘mating protocol of these confusing fireflies can be constructed. 

Pteroptyx males and females gather in bushes, trees and 
hedges. Certain rhythmic flashes of males are emitted in 
synchrony with those of other males?-5. Other light emissions, 
not synchronized, include flickers and glows às males and 
females fly into. and through foliage of the trees, participate 


in aerial chases, alight, and perch in close proximity®. Thereare. 
more individuals in “swarm trees" than is superficially ap- 
parent; when shaken, the foliage sparkles with the glows and. 
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_ flickers of those that had not been luminescing just previously. 
5 Copulating pairs are common in the trees and in the grass 

The following model describes à. generalized protocol that 
fits observations on several different species. For each of its 
six parts a general statement is made; supporting observations, 
arguments, and discussion then follow. Interspecific variation 
undoubtedly occurs in most or all steps, especially 4, 5 and 6. 
The basic elements of the model, listed approximately chronolo- 
gically, are as follows. (1) Both sexes are attracted to the 
flash rhythm of males of their species. (2) Males in swarm trees 
detect approaching females and modify their luminescent 
behaviour in ways that stimulate females to land near them. 
(3) Recognition cues other than flash rhythm are detected as 
flying males and females near swarm trees. (4a) Females land 
near and observe specific males. (45) Males land and flash in 
synchrony with nearby males. (5) Other behaviours bring 
individual males and females closer together. (6) A change of 
communicative channel occurs in the«erminal stage of court- 
ship before a male and female make physical contact. 

(1) Males and females are attracted toward flashes with 
the appropriate species-specific rhythms and congregate in 
swarm trees that already harbour numbers of their species. 
They probably orientate to sites of highest light intensity that 
maintain the rhythm. Such sites will contain concentrations of 
sexually competent males and females; the likelihood of 
finding a mate there will be greater. (Basic components of this 
phase were discussed by J. B. and E. Buck*, based on their 
observations of Thailand Preroptyx.) The formation of high 
densities in some trees while adjacent ones are vacant or nearly 
so is a common occurrence. Under certain circumstances males 
are "attracted to each other's light"*. Attraction of males to 
loci of higher intensity has been observed and experimentally 
demonstrated". At lower densities fireflies are not randomly 
distributed over foliage but occur in clusters?'$. 

(2) Males in swarm trees detect the luminescence of approach- 
ing females and modify their behaviour toenhance the attractive- 
ness of their own position in the tree. Females then-may begin 
to select a landing site and a specific male or cluster of males. 
Case et al.’ reported shat perched males aim their lanterns 
toward artificial or natural flashes “particularly if these sources 
are outside the aggregation". 1 found abrupt intensity changes 
in some recorded signals of a new species of Pteroptyx (sp. 22) 
that could be due to changes in lantern orientation (Fig. 1.4). 
Females of many American species aim their lanterns at 
the flashes of their males?. Polunin's photograph? illustrates 
the sharp angle at which Preroptyx males hold their abdomens 
when flashing, and also shows that the head is extended and the 
eyes are maximally exposed. I have seen this extended head 
position in males of Preroptyx spp., and in Luciola obsoleta, a 
species with aggregating behaviour similar.to that of Preroptyx 
spp.'?. Perched Pteroptyx males (sp. 22) flicker in response 
to glows of females that fly over them. These females sometimes 
turn, swoop low over responding males and land within a few 
cm of them. Females of Pteroptyx (sp. 17) (probably P. 
cribellata) land near perched synchronizing males‘. 

(3) Cues other than the flash rhythm are probably detected 
as flying males and females near the swarm trees. There is 
considerable species-specific variation within the flashes that 
are synchronized (Fig. 14—F). Some species, such as Pteroptyx 
(spp. 15 and 16) (Fig. 1C), have simple flashes. The emission 
of sp. 22 is a 12 Hz flicker lasting more than 1 s (Fig. 14). 
That of sp. 19 (possibly P. antennata) is a four-modulation 


flicker with a rate of about 11 Hz and a duration of about" 


0,3 s (Fig. 1F). Three species, Preroptyx spp. 17, 20, and 21°, 
have bimodal emissions (Fig. 1B, D, and E). The intensity 
relationships between the modes vary among the species but 
are fairly constant among males of each species. Interspecific 
-discontinuity in modulation pattern and frequency is common 
. in the signals of other fireflies and in the acoustic signals of 
 insects*!'?,. and is. probably involved in reproductive 
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tion. 




















































(4a) Females land near and (continue to) observe spe 
males. The flashing of a male is of prime importance ir 
his selection as a mate by the female. If his luminescent. 
performance did not enhance his own reproduction as he 
competes with conspecific males the genetic complex res- 
ponsible for his behaviour would not be maintained. Mutation. 
and selection in other contexts would erode it; and mass 
synchronous flashing would not persist, assuming that it-had 
evolved in the first place. ; 





Fig. 1 Chart records of firefly flashes, recorded in the field.. 
Each trace illustrates a single event; each is the unit that is syn- 
chronized and is presented rhythmically in continuous sequences. . 
Vertical axis, relative intensity; horizontal axis, time, scale as - 
indicated by marker below each trace. Marker duration is. 
0.12 s., and period (in A) is 1s. A, Preroptyx sp. 22. Arrow 
indicates abrupt and atypical intensity increment; in mosi 
recordings intensity increases gradually. B, Preroptyx sp. 21; 
C, Preroptyx sp. 16; D, Preroptyx sp. 17 (P. cribellata?); 
E, Preroptyx sp. 20; F, Pteroptyx sp. 19 (P. antennata?) 


(4b) Males land and flash in synchrony with nearby inales 
and by synchronizing, increase the likelihood of obtainin. 
females. It is necessary in the model that the benefit of 
synchronizing accrue to the individual male that is behaving. 
in this manner (see argument in 4a). By synchronizing with his 
neighbours a perched male may enhance his probability of 
obtaining a female because he will not disrupt the species- 
specific rhythmic pattern and he contributes to enhancing 
the brightness of his locus on the tree. Both these factors may 
increase the likelihood of a female landing near him. In some 
species synchrony itself may have become an identification. 
cue and females will not select males unless they are flashing in 
phase with their neighbours. Also, since a female's male 
progeny will tend to behave in the manner of their male” 
parent (half their genes being derived from him), a female, on 
the average, will have a higher fitness if she combines her 
gametes with a male that demonstrates adequate performances 
as a male. If synchronizing with a neighbour enhances a. 
male's reproduction, and this seems a certainty, then demon 
stration of this ability could become a component of courtship. 

By flashing synchronously with a male that is alread 
communicating with a female, an approaching male may be^ 
able to interfere and displace the other male. Such “inter- 
loping” is possible because the female is informed of the . 
position of the male with whom she is communicating orily 
during his flash; an approaching male that flashes in phase 
with him, and presents his own flash in a similar spatial posi- - 
tion, may be able to complete the courtship. Interloping may be 
common in firefly mating. In experiments by Mast!? and Buck’* 
en Photinus pyralis, males orientated to and approach 
female flashes elicited by the flashes of other males. In Buck's- 
experiments the males flashed in synchrony. I have made 
similar observations on Photyris lineaticollis, and. captive 
males of Photinus greeni flashed in synchrony with an artificial 
light that was stimulating female flash responses'*. 

(5) Other behaviours bring individual males and females 





































































females; dart towards. them and land near them. Females of 
“sp, 22 fly closer to flashing males within a cluster after they 
. have perched among them. Females of spp. 17, 19, and 22 
begin luminescing during or following the emissions of nearby 
perched or flying males and attract them to their vicinity. 
“Perched sp. 22 males flicker in response to glows of females 
that fly over them. These females sometimes turn, swoop low 
“over responding males and land within a few cm of them 
(this behaviour was also placed under (2) above, though it 
“may belong only here—the history of females behaving in this 
manner is unknown). Experimentally, I was able to attract 
males of four Pteroptyx species toward a penlight when I 
flashed it immediately after their flashes, both males flying 
closely about swarm trees and flashing in phase with the males 
in the tree, and males flying and flashing independently*, 
‘Some males approached to within a few cm of the light. 
(6) A change of communicative channel may occur in the 
«terminal stage of courtship. An interaction that is of singular 
E importance for identifying courtship (for the observer) of 
- species of other genera, in which mating behaviour has been 
-.. studied, is the presence of a luminescent dialogue or of continu- 
"ing luminescence up to the moment of physical contact'*. 
"This is not apparent and perhaps does not occur in most 
Pteroptyx species, but having spent many hours within swarms 
watching individuals 1 once saw a male (Preroptyx sp. 19) 
receive a luminescent response to his signals from a female 
30 cm away, walk to her and mount her immediately. In 
interactions mentioned above (see part (5)) males and females 
were brought to within a few cm of each other, but did not 
-quickly draw closer. Also, males and females of spp. 17 and 
29 were frequently found perched on the same leaf a few cm 
- apart luminescing. Two examples were as follows. (a) During 
a flash dialogue a sp. 17 male landed 15 cm from the female. 
They luminesced for 4 min while he walked to within 4 cm 
of her, and no more was seen. (5) A signalling sp. 72 male 
landed on a leaf near a luminescing female. He walked about 
briefly, flashing; she continued to luminesce. All luminescence 
hen stopped; 2 min later when I shone a light on them they 
were copulating. The conclusion from the observations and 
xamples above is that if guided only by the insects’ lumines- 
cence the Observer does not see actual pair formation. 
"At. some point when a male and female are very close, 
cómmunication may be accomplished by non-visual signals. 
© This. could explain why so many non-luminescing individuals 
are perched in swarm trees. The intense competition and 
courtship disruption that can be expected to occur in dense 
Pteroptyx congregations could have favoured a change of 
communicative channel. Periodical cicada (Magicicada spp.), 
species that also form dense congregations and synchronize 
their signals, change from acoustical to visual signals during 
mating interactions": 18, Preroptyx spp. may switch to chemical 
signals; some fireflies are known to use pheromones'?, 
Tn the model described here individual males increase the 
likelihood of their own mating and the survivial of the genes 
sponsible for their behaviour, by their behaviour, flashing 
and otherwise. Previous explanations of synchronized firefly 
flashing have neglected to focus on the individual as the 
csselected entity, proposed the existence of ‘indiscriminate 
"centralized. mating instead of the system of individual court- 
-ships"^, altruism for the benefit of individuals other than 
“close kin", or require genetic self sacrifice??. There appears to 
Sbe no justification for applying such explanation to firefly 
"flashing behaviour. In the unlikely event that Pteroptyx 
fireflies are an exception to natural selection theory, as fom 
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. mulated and developed over the past century, this fact can best * 
be. determined by testing the hypothesés that selection theory ee 
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Carrot Embryogenesis from 
Frozen Cultured Cells 


Many plant tissue cultures change in growth rate, chromosome 
cytology and morphogenic potential during repeated sub- 
culture! -?. Controlled freezing and low temperature storage 
of cultured plant cells might enable the characters of newly 
initiated cultures to be preserved. Cell preservation at the 
temperature of liquid N: (~ 196° C) has been successful with 
animal cells* and preliminary work with plant cells has shown 
the promise of this approach®~’. Latta has reported regrowth 


of cultures of carrot (Daucus carota L.) following freezing for 


I |. 

Fig. 1 Twin pictures taken with tungsten light (I) and ultra- 
violet lighting (ID) after staining with fluorescein diacetate. Cells 
preserved at ~196° C for 35. d before thawing. a, Portion of 
culture containing a small dense aggregate and a loose aggregate 
of large cells.. Dense aggregate of small cells survives, large 
cells do not survive. b, An aggregate: initiating embryos which 
shows complete survival. : 








NATURE VOL. 245 OCTOBER 5 1973 


up to 2 months at —40° C or at — 196° C but did not assess the 
percentage of cells surviving*. 

Here we have examined various aspects of the freezing- 
thawing procedure using high embryogenic cell lines of domestic 
and wild carrot. We have assessed percentage survivial by the 
use of fluorescein diacetate, demonstrated the retention of a 
high level of embryogenic potential by the retrieved cells and 
obtained from them young carrot plants showing normal 
morphology and development. 

Actively-growing (5 to 15 d after subculture) suspension 
cultures (50 ml cultures in 250 ml wide-mouthed Erlenmeyer 
flasks) in Murashige and Skoog's (MS) medium containing 
0.5 mgl-' 2,4-dichlorophenoxyacetic acid (2,4-D)? were allowed 





Fig.2 a, Embryos developing in Halperin's medium in a culture 
retrieved after 45 d at — 196° C. b, Seedlings ready for transfer 
to filter paper bridges in an older culture such asa. c, Seedling 
from b developing on filter paper bridge. d, Carrot plant 
developed from a culture retrieved after 3 d storage at — 196^ C. 
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Fig. 3 Cell survival in the presence of different protective 
agents. Cooling rate 1.8° C min~', storage — 196° C for 7 d, 


O—0O, DMSO; e- --e. 
, Sucrose, 


initial thawing rate 120° C min-'. 

DMSO + glycerol; O— - - - —0, glycerol; 
to settle in an ice-bath for 20 min and concentrated by aseptic 
removal of 20 ml of supernatant medium. In aseptic conditions, 
aliquots of 0.8 ml suspension culture were transferred to sterile 
plastic ampoules (1.2x4.5 cm) followed by 0.8 ml sterile 
medium containing protective agents at twice the chosen 
concentration (added at 0 to 1° C in four portions of 0.2 ml in 
20 to 60 min). Several protective agents were tested at the 
following final concentrations: dimethylsulphoxide (DMSO), 
2.5, 5, 7.5 and 10%; glycerol, 5 and 10%; DMSO + glycerol, 
5 and 10% of each; and sucrose, 10%. After the addition of 
protective agent the ampoules were kept in the ice-bath for 
15 min to 3 h and then frozen at various cooling rates (0.8, 
0.9, 1.3, 1.8, 2.3, 3.0 and 4.0^ C min-!) in a Union Carbide 
BF-6 Biological Freezer. Ampoules were removed from the 
freezer when they reached — 70^ C and subsequently stored at 
— 20°, —78° or —196° C. In each experiment each treatment 
was represented by at least nine ampoules, and each experi- 
ment has been successfully repeated. 

The ampoules were thawed to the liquid state at the following 
initial thawing rates: 120° C min-' (ampoules in a water bath 
at 37° C); 12-14? C min~ (in air at room temperature); 
1.5-2.0* C min-' (immersed in alcohol chilled to — 78^ C and 
allowed to warm at room temperature); and 0.5" C min-' 
(dry ice subliming at room temperature). The thawed ampoules 
were transferred to an ice-bath, excess medium removed after 
centrifuging at 0° C and the cells washed three times with 1.2 ml 
fresh sterile medium chilled to 0^ C acting for 1 min between 
centrifugings. 

The cell suspension cultures consist of dense aggregates of 
small cytoplasm-rich cells and larger more highly vacuolated 
cells present as single free cells or in few celled aggregates. 
These large cells either do not divide further or divide with low 
frequency and growth of the culture takes place predominantly 
by cell division in the more superficial cells of the dense aggre- 
gates?. It is these dense aggregates which give rise to embryos 
as the culture ages and particularly on subculture to an auxin- 
free medium. 

e Cell survivial in the suspension after thawing was assessed by 
mixing one drop of the washed cell suspension with one drop 
of 0.01% fluorescein diacetate on a microscope slide*. Cell 
counts were made under the microscope in ten fields in each 
of two slides per ampoule, first in tungsten light (total count) 
and then in ultraviolet light. Cells showing fluorescence were 
counted as surviving and expressed as a percentage of the total 

























y ggregates were estimated 
up and down. focusing and are, therefore, only approximate. 
values for cell survival, however, are probably under- 
timates of survival by the cells: of the dense aggregates as 
he Jarger released vacuolated cells of the cultures always 
howed. poor survival (Fig. 1a). In the most favourable con- 
‘ditions established, there. was often complete survival of all 
:cells of individual aggregates. In some instances aggregates 
had begun to initiate embryos and the cells of these young 
embryos showed a high level of survival (Fig. 15). 

~The bulk of the thawed suspension in the ampoule was 
"transferred to a 100 ml wide-mouthed Erlenmeyer flask contain- 
ing 10 or 25 mi of the MS medium containing 2,4-D and in- 
cubated on a horizontal shaker at 25° C. Whenever the cell 
urvival was at or above 35%, culture was achieved and the 
retrieved culture was capable of a similar maximum growth 
rate and achieved a similar maximum cell density to the parent 
ulture. But irrespective of survival percentage or inoculum 
nsity the first passage culture following thawing showed a 
ong lag phase (20 to 30 d) before cell division began. Retrieved 
ultures were tested for embryogenic potential by subculture 
to Halperin's medium? (without added 2,4-D) and by days 6 to 
.7 of. the second passage in this medium produced large 
numbers of heart-shaped and torpedo-shaped embryos (Fig. 
2a). After a further 15 to 25 d of culture these had given rise to 
"seedlings with well developed cotyledons and roots (Fig. 25); 
-and such seedlings were successfully transferred to filter paper 
bridges (Fig. 2c) in tubes containing half-strength Halperin's 
medium and after an additional 20 d could be transplanted to 
ots of. seedling compost where they developed into healthy 
lants of normal morphology (Fig. 2d). There was no evidence 
_of impaired embryogenic potential in the retrieved cultures. 
<The study of the influence of freezing and thawing regime 
d of protective agents was carried out on wild carrot with 
ulture lines having chromosome numbers of 18 or 35, and on 
Itivated carrot with two culture lines having chromosome 
iumbers of 17 and 18. Plants have been raised from each line 
in retrieved cultures. 

"Examination of large numbers of metaphase plates in squash 
eparations has yielded no evidence of any effect of freezing 
preservation on the karyotype. 

-Using a cooling rate of 1.8" C min^!, preservation at — 196° C 
for 7 d and an initial thawing rate of 120° C min-!, it was shown 
hat survival was less than 0.1% in absence of added protective 
agent (except the 2% sucrose in the medium), was little improved 
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k Fig. 4 Cell survival at different cooling rates. Protective agent 
3% DMSO, stbrage — 196° C for 7 d, initial thawing rate 120° C 
n-h. - Liquid nitrogen (nil survival) represents direct immer- 
; sion of ampoules it in the liquid nitrogen. 
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Fig. 5 Effect of thawing procedure on cell survival. Tech- 

niques of obtaining different initial thawing rates are given in 

the text, Protective agent 577 DMSO; cooling rate 1.8? C 

min^!, storage 7dat -196 C. a, 120° c min~!; 5b,12to 14°C 
min-!; c, 1.5 to 2.0? C min-!; d, 0.5° C min, 


by addition of higher levels of sucrose, but was greatly increased 
by appropriate concentrations of DMSO and glycerol (Fig. 3). 
Further study is needed to determine whether different cooling 
rates are required for maximum survival with different levels 
of protective agents, and whether there is any interaction 
between cooling and warming rates. 5 

Using 595 DMSO as protective agent and 120° C min~! as E 
thawing rate, it was shown that highest survival was obtained at 
a cooling rate of 1.8? C min~! (65 to 68% cell survival; Fig. 4). 
Cell survival was best at the highest thawing rate (immersion 
in water bath at 37^ C) tested (Fig. 5). 

Cells can be stored at — 78? C but there is progressive decline 
in cell survival as storage is prolonged. No decline in cell 
survival has been recorded during storage at — 196° C for over 
100 d. Storage at —20° C is very ineffective. 

Although a high culture survival rate has been achieved, | 
there is reason to hope that this can be still further enhanced. 
It is also necessary to test the reliability of the present index of 
cell survival by studying the plating efficiency at low density!? 
of the retrieved cells. The fact that morphogenic potential is 
unimpaired by the freezing preservation technique developed  . 
suggests that it may be possible to establish cell and tissue 4 
banks of particular plant genotypes by this approach. 

We thank Dr M. J. Morgan, Department of Biochemistry, 
for advice on freezing techniques, Miss P. Sharman for technical 
assistance, the Commonwealth Scholarship Commission of 
the UK for a scholarship and the University of Ranchi (India) 
for study-leave which enabled K. K. N. to participate. 
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Pacific Arts of Navigation 


We, the Navigators The Ancient Art of 
Landfinding in the Pacific By David 
Lewis Pp xviu+346 (13 plates) 
(Australian National University Can- 
berra, Angus and Robertson United 
Kingdom, Europe, Middle East and 
Africa, January 1973) £5 

ALMOST from the moment of their dis- 
covery by Europeans the islands of the 
South Pacific have been the object of 
unflagging fascination The idea of an 
earthly paradise, free of the constraints 
and artificialities of so-called civiliza- 
tion, has exerted a powerful attraction, 
while at the same time the European 
colonizers crushed with their philistinism 
what drew them there Of course, a 
good deal of the culture and traditions 
of these islands has been painstakingly 
recorded by armues of anthropologists 
even as it was demolished Surprisingly 
though, the aspect of life which seemed 
perhaps the most central to the culture 
of Oceania, seafaring and navigation, 
has been relatively sparsely described 
In this book David Eewis, doctor and 
small-boat sailor from New Zealand, 
writes about his studies of indigenous 
inter-island navigation, taking one of the 
last opportunities to do so before the 
practices and traditions are finally 
forgotten. 

Dr Lewis set himself two main tasks, 
to record the ancient arts of the Pacific 
navigators, and then to consider again 
in the light of his understanding the 
problems of how the islands first came 
to be settled When Captain Cook took 
Tupaia aboard his ship in Tahiti he was 
singularly fortunate to have acquired 
the cooperation of an island chief and 
navigator-priest Cook and the com- 
pany of the Endeavour seemed mildly 
surprised by the extent of Tupata’s 
geographical knowledge, extending from 
Fiji in the west to the Marquesas ın the 
east, a span roughly the size of the 
Atlantic They seemed quite interested 
when Tupaia at any stage of the sub- 
sequent voyage could point to the posi- 
tion of Tahiti However, no one seemed 
to think of asking him any details of 
how he did this or about many other 
aspects of his navigational methods For 
some reason the 1dea that illiterate stone- 
age people without charts or instruments 
of any kind could have developed an 
effective and intricate art of navigation 


simply did not occur to the eighteenth 
and nineteenth century European mind, 
even though it was clear that long 
voyages took place between islands 
which were mere specks in the sea, 
hundreds of miles apart In fact it 1s 
probable that for more than a thousand 
years before the great age of European 
world exploration both boat building 
and navigational techniques in Oceania 
were substantially more advanced than 
they were in Europe 

What has emerged into a few Western 
minds rather recently ıs just how sophi- 
sticated and effective the ancient naviga- 
tional methods of Oceania were The 
technique consists mostly of dead 
reckoning and is based on a sidereal 
compass Thus, direction 1s defined 
principally by rising and setting points 
of stars, which are used ın actuality at 
night, but also conceptually by day 
The star courses between many pairs 
of islands are part of the material to be 
learned ın the extensive apprenticeship 
of a navigator But though the sidereal 
compass 1s important the core of naviga- 
tional technique seems to be a very 
highly trained spatial understanding so 
that on a voyage the navigator con- 
tinually updates his understanding of 
where he ıs 1n relation to the islands he 
knows, typically choosing one particular 
reference island, off to one side of the 
course, which he will not actually sight 
on that particular voyage By main- 
taining his course and continually think- 
ing of the direction of the reference 
island he can mentally follow the pro- 
gress of the voyage There is a great 
deal more to the method than this 
elaborate understanding of currents, 
judgment of speed, maintenance of 
direction relative to wind and waves, 
subtle discriminations of sea colour over 
reefs and cloud patterns over islands, 
refraction and reflexion patterns of 
waves, knowledge of bird behaviour and 
many other factors are all combined in 
the expertise of fhe navigator Lewis 
has recorded comprehensively and care- 
fully as many of these traditions as pos- 
sible from widely *spaced sources in 
Oceania, and takemevoyages with some 
of the few remaimung navigators from 
the Caroline Islands Some of the 
material is rather similar to that con- 
tained in another excellent recent book 


on the subject, East ıs a Big Bird, by 
Thomas Gladwin (The Big Bird ıs the 
name for Altair, the star which rises 
almost due east of the Caroline Islands ) 
But Lewis's book 1s wider ranging, more 
systematic and with more of a feeling 
for what it ıs like to practise these 
navigational arts, something which 1s 
no doubt helped by the fact that the 
author himself 1s an experienced and 
intrepid sailor 

The acceptable limits of accuracy of 
landfalls can be as fine as 75 degrees 
over open sea and across variable 
currents, and the fact that there are still 
a few navigators capable of making such 
voyages of 500 miles or more testifies 
to the efficacy of these traditions As 
Lewis points out, since the Polynesians 
and Micronesians were clearly armed 
with powerful methods of navigation, 
and could provision seaworthy craft for 
several weeks, and had highly developed 
skills of seamanship, the question of how 
the Pacific Islands were settled ceases 
to be much of a mystery A crucial 
factor encouraging deliberate explora- 
tion must be the confidence of being 
able to return, and Lewis makes it fairly 
clear that this would have been possible, 
even over the longest necessary ranges 
of two thousand miles, for example, 
from Tahiti to Hawan There seems to 
be agreement that the main routes of 
island settlement were from South East 
Asia via Indonesia, and the archaeo- 
logical evidence seems to indicate that 
even the more distant parts of the Pacific 
were settled nearly fifteen hundred years 
ago But an understanding of indi- 
genous navigational skills solves the 
problem of how coastal fishermen 
could have drifted helplessly to populate 
so many scattered islands It is now 
possible to contemplate elaborate sea- 
faring skills as the basis of exploration, 
of continued inter-island communica- 
tion, and of a stable, intricate and evi- 
dently satisfying way of life This book, 
and indeed the whole topic of Pacific 
navigation, 1s of consuming interest to 
anyone concerned with anthropology, 
with the psychology of spatial con- 
Ceptualization, with seafaring, or 
indeed with the history of man's struggle 
to find appropriate ways to live Lewis's 
book ıs first rate and it 1s profoundly 
regrettable that the traditions which he 
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and a few others have tried to record 
an writing are already almost extinct | , 
KEITH OATLEY 


On Rattlesnakes and Men 


Rattlesnakes Then Habits, Life His- 
tories and Influence on Mankind By 
Laurence M Klauber Volume 1 
Pp xxx+1-740 Volume 2 Pp 741- 
1533 (University of California 
Berkeley, Los Angeles and London, 
February 1973) £2250 two volumes 


LAURENCE KLAUBER was a professional 
engineer whose hobby was herpetology 
He was unusual as an amateur who not 
merely made a significant contribution 
to Knowledge but who also influenced 
the methods of study of the profes- 
sionals in the field In these volumes 
we find many examples of Klauber’s 
application of statistical methods to the 
study of variation and ontogenetic 
change and the discrimination and 
description of species and subspecies 

One of my strongest impressions on 
reading this work 1s that it displays the 
endearing enthusiasm of a critical but 
kindly man Klauber obviously enjoyed 
collecting all kinds of information about 
rattlesnakes, both factual and fictional 
He was neither hurrying to produce an 
impressive pile of publications nor 
striving to build himself a reputation, 
he took his time studying the animals 
in the field and laboratory, talking and 
corresponding with many people, and 
searching through newspapers, maga- 
zines, histories, travel stories, ethno- 
graphic and medical literature as well 
as the technical herpetological litera- 
ture He avoids holding correspondents 
up to ridicule by omitting their names 
where they give him highly doubtful 
information but attributes absurd 
printed statements “since the author has 
placed himself on record” 

Rattlesnakes range from parts of 
southern Canada through the New 
World tropics to the northern provinces 
of Argentina Klauber recognizes 
thirty-one species and seventy sub- 
species The work 1s addressed to non- 
technical readers, but sufficient technical 
taxonomic information is given to 
enable the reader to make a detailed 
identification of any rattlesnake There 
are keys, maps and ecological informa- 
tion for all forms and nearly all are 
illustrated with good photographs 

Few quantitative aspects of rattle- 
snakes have not been counted, 
measured, weighed or timed — Variation 
within and between populations 1s 
studied as well as in relation to ontogeny 
and ecology, characters are examined 
pair by pair for correlations Amongst 
other interesting investigations we find 
an account of relative fang sizes of 
different species, fang replacement and 
changes of shafe and proportionate size 
during growth The development of 


the rattle, the feature which gives these 
snakes their name in all languages, 1s 
described in detail Klauber did these 
statistics ın the days of mechanical 
calculating machines His tens of 
thousands of raw data items must be 
waiting for someone with an electronic 
computer to extract yet more informa- 
tion from them 

The habits of the different species are 
considered at some length, both as they 
relate to the modes of life of the snakes 
and as they bear upon the risks of snake- 
bite There are sections on population 
density, control measures, collection, 
shipment and rearing and care of rattle- 
snakes The venoms, their effects and 
treatment naturally receive generous 
attention and there is a discussion of 
the difficulties of compiling reliable 
snakebite statistics If Klauber has no 
first hand knowledge of some aspect he 
reviews other people’s work or, at the 
very least, mentions 1t and gives refer- 
ences 

This is a book about people as well 
as rattlesnakes In addition to special 
chapters on folklore and Amerindian 
beliefs the book is sprinkled with 
examples of such human fazlings as 
ignorance, gullibility, foolhardiness and 
guile The history of our knowledge 1s 
traced and many early anecdotes are 
recounted 

Such a compilation about a single 
group of animals, with more than 4,000 
references, must make the group attrac- 
tive to other researchers with evolu- 
tionary interests ın various fields Read- 
ing the text suggests many matters 
which would merit further study The 
volumes are well produced, I found 
barely half a dozen typographical errors 
in 1,500 pages They stand as a splendid 
memorial to a man who aroused the 
animosity of none and the respect and 
love of many 

GARTH UNDERWOOD 


Facts of Malnutrition 


The Hungry Planet The Modern World 
at the Edge of Fanune By George 
Borgstrom, Pp xviu+552 (Collier New 
York, Collier-Macmullan London, 
March 1973) £125 


"ONE and a half billion people are 
undernourished, and the diets of an 
additional one billion are deficient in 
one or several key nutrients" (page 1x) 

*Recent studies have established the 
prevalence of hunger and malnutrition 
among ten or even more millions in the 
United States” (page *55) 

“Ecuador, Colombia, Bolivia and 
Guatemala [with, protein consumption 
of 50-57 g/person €] get hardly more 
than half the protgyn they need” (page 
288) 

“More deserts have been created by 
man than ever new land was gained 
through irrigation” (page 510) 


i 


NATURE VOL 245 OCTOBER 5 1973 


It is difficult to tell whether the author 
really 1ntended this to be regarded as a 
scientific book He makes these and. 
many other extraordinary statements 
without advancing any evidence for 
them, except for confused reading lists, 
consisting mostly of popular books, not 
scientific journals 

The legend that half the world 1s 
malnourished (the author throws in an 
extra billion people for good measure), 
which originated with the Food and 
Agriculture Organization. (FAO), was 
Jater shown to rest only on the evidence 
that half the world did not, indeed, eat 
as much as the inhabitants of Western 
Europe (many of whom are dying from 
diseases brought on by overeating) 

Recently, however, FAO has had a 
change of heart Dr Pawley, Director of 
FAO Policy Advisory Bureau, has indi- 
cated that during the coming century we 
could without serious difficulty raise 
world food production to fifty times 
what it 1s now! 

The author quotes 3,000 calories d 
as the minimum requirement for a man 
of 70 kg (too low), makes some adjust- 
ment for Indian body weights, but then 
hopelessly confuses requirements per 
adult man and requirements per head of 
the population, ending up by estimating 
Indian minimum requirements at 2,400- 
2,500 (the correct figure 1s about 1,650) 
Food supphes now available in India 
would give an average of 1,900, which 
if equally distributed would suffice to 
provide this minimum, with a small 
margin to spare 

I have published an estimate that the 
proportion of the population of India 
receiving less than minimum calorie 
requirements ıs about 2595? The 
distribution of income to landless 
labourers, poor tenant farmers, and the 
lower castes generally (something which 
only the rulers of India can correct) 
leaves 25% hungry 

The author produces no evidence on 
protein requirements , but his statements 
on Latin America imply a requirement 
of about 100 g/person d+ 

Few serious estimates go higher than 
Dr Gopalan's? 38 g (of protein as con- 
sumed, with conversion factor to refer- 
ence protein averaging 0 65) , and some 
estimates would only be two-thirds of 
this figure Dr Gopalan, and several 
others, have recently brought about an 
important change of opinion on the 
question of protein requirements While 
clinical manifestations of protein defi- 
ciency, in. many countries, are all too 
clear, these are rarely due to a lack of 
adequate protein 1n the diet When the 
diet 1s deficient ın calories, the patient 
cannot assimilate the protein What the 
developing countries need 1s more of 
their traditional diets, with only very 
limited protein supplementation The 
need for animal protein, as such, is 
minimal 
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The author makes no reference to the 
fact that food production in the develop- 
ing countries 1s increasing substantially 
faster than their population The food 
situation in Russia, China and Cuba he 
finds satisfactory He sympathizes with 
the Japanese for the overcrowding and 
traffic congestion in their cities , ıt has 
not occurred to him that these could be 
cured by decentralization 

Subject to the above substantial 
qualifications, this 1s an interesting book, 
containing much information on food, 
agriculture, geography, hydrology and 
so on. COLIN CLARK 
1 Ceres, July-August 1971 
* Economic and Political Weekly, Bombay, 

September 30, 1972 
Nutr , 


3Gopalan, Am J clin 
1970 
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Topics in Zoology 


Evolutionary Biology Edited by Th 
Dobzhansky, M K Hecht and Wm C 
Steere Vol 6 Pp xm+445 (Apple- 
ton Century Crofts New York, 
October 1972) $1995 


Few workers can have provided basic 
contributions to the guiding principles 
and knowledge of as many branches of 
zoology as has Dr George Simpson This 
volume ıs dedicated to him and contains 
papers from eighteen workers in the 
fields in which he carried out his own 
researches—evolution, zoogeography, 
palaeontology and taxonomy 

Williams contributes an extremely 
penetrating and thought-provoking 
study of the zoogeography of the Anolis 
lizards of the West Indies He first 
suggests three “rules” based on the work 
of Schoener, which predict the sizes of 
Anolis species. He then shows that 
these results can be used to reconstruct 
the sequence of arrival of the eleven 
species in Puerto Rico, and that this 
sequence is confirmed by studies of 
their phyletic relationships 

In an enjoyable style, Gould discusses 
the controversy as to whether the Lower 
Liassic Gryphaea species show a trend 
to increased tightness of coiling He 
notes that in fact there ıs no evidence 
that any individuals were unable to open 
their shell, and his analysis of the data 
shows that there was no increase in 
coiling but merely an increase 1n size 

Three papers consider the relation- 
ships between palaeontological data, 
continental drift and palaeogeography 
As Colbert shows, the discovery of the 
hippo-like reptile Lystiosawus in 
Antarctica 1s strong evidence for a 
Triassic Pangaea, while McKenna 
demonstrates that comparisons of the 
mammal faunas of North America, 
Europe and Asia in the early Tertiary 
make simple sense when added to recent 
studies of the history of the connexions 
of these areas Finally, Hoffstetter 
suggests that the easiest solution to the 


L 


problem of the relationship between the 
South American and African rodents 
and monkeys is direct early Tertiary 
migration to South America across a 
then-narrower South Atlantic 

The evolutionary and phyletic signi- 
ficance of character complexes is dıs- 
cussed in several papers McDowell 
suggests a series of adaptive stages 1n the 
evolution of tongue structure 1n lizards, 
and their significance in the problem of 
the origin of snakes MacIntyre dıs- 
cusses the morphology of the petrosal 
of Late Cretaceous mammals and recog- 
nizes in them a primitive pattern which 
he terms “trisulcate” Romer gives an 
integrated account of his view that the 
special myological, embryological and 
neurological aspects of the pharyngeal 
region of vertebrates are relics of its 
importance in filter-feeding in early 
vertebrate history 

Several authors discuss aspects of 
human evolution For example, Wash- 
burn compares the indication of differ- 
ent types of data on human evolution, 
while Neal and Schull note how little 
1$ known on the important subject of 
the different fertility of different races 
and populations of man Lewontin pre- 
sents the first estimate of the pattern of 
human variation, and obtains the 
remarkable result that only 6 395 1s inter- 
racial, and more than 85% is not merely 
interracial but is contained within 
populations 

The levels of significance and 
interest of the papers in the volume seem 
to be well above average, and reflect the 
respect and affection with which 
Simpson is regarded by his fellows 

Barry Cox 


Calibration Statistics 


Uncertainty,  Calibiation and Prob- 
ability The Statistics of Scientific and 
Industnal Measurements By C F 
Dietrich Pp xu+411 (Adam Hilger 

London, May 1973) £18 

THERE ıs no doubt of the need for a 
book on the statistical aspects of calibra- 
ton This privately published venture 
1s, however, unlikely to prove to be that 
book The greater part of the space 1s 
taken up with clearly drafted and beauti- 
fully printed derivations of basic stati- 
stical thinking which have been known 
for a long time and by now could be 
taken as definitive for use in a particular 
context This aspect 1s supported by 
absence in the bibliography of references 
to the statistical journal literature of the 
last decade for éxample, the work of 
Grubbs, Krutchkoff, Hahn and Thomp- 
son i the instrumentataon and industrial 
field and Berkson in fhe biomedical field 
For the quite different field of model 
calibration, for example, transportation 
projects and macro-econometrics, there 
IS a separate literature but which is 
still part of the statistical approach to 
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calibration However, the sub-title of 
this book may relieve the author of 
respunsibility for these latter aspects 
What ıs required ıs a treatment of the 
whole field of calibration problems so as 
to show the unified statistical approach 
to their understanding and resolution 
W R BUCKLAND 


On Foetal Growth Rate 


On Fetal Growth Rate Its Variations 
and Theu Consequences By Margaret 
Ounsted and Christopher Ounsted Pp 


xu+204 (Wiliam Heinemann Lon- 
don, J B Lippincott Philadelphia, 
1973) £360 


THIS is a useful book It contains care- 
ful thought and represents a personal 
dedication to the study of foetal develop- 
ment Much of present knowledge ıs 
summarized, and the authors present 
results from their own detailed study 

The following are some of the topics 
covered The social and biological 
factors related to birth weight , the con- 
struction of birth weight standards , the 
development of the placenta , the results 
of breeding experiments 1n other mam- 
mals, familial patterns of birth weight, 
perinatal mortality and morbidity rela- 
ted to birth weight, neonatal and 
postnatal development patterns There 
is à chapter which discusses possible 
theoretical mechanisms — determining 
foetal development and a final chapter 
pointing a way to practical develop- 
ments and further research 

The book, however, has some weak- 
nesses To begin with, the title ıs un- 
fortunate What the authors actually 
discuss 1s weight at birth and not rate 
of weight growth A further confusion 
is created by calling the standards of 
birth weight for length of gestation, 
“growth” standards This implies that, 
for example, the (intrauterine) weight 
distribution at 40 weeks of gestation of 
those babies born at 43 weeks is identical 
with the birth weight distribution of 
babies born at 40 weeks—which ıs 
almost certainly not true 

There 1s also a problem resulting from 
the basic design of the authors’ own 
study They chose three groups, large 
for dates (LFD), small for dates (SFD) 
and a random control group , groupings 
which are relatively inefficient at pre- 
dicting the risks of perinatal mortality 
For example, Rantakallio! shows that 
perinatal mortality rates vary with 
birth weight but relatively little with 
gestation Yet in their final recom- 
mendations the authors advocate pre- 
sentation of perinatal mortality rates 
by the LFD and SFD classifications—a 


clearly inefficient procedure Both 
Rantakallio and Butler and Alberman? 
show that at 2,500 g the per- 


natal] mortality 1s about twice the aver- 
age Thus the old “rule of thumb” 
which treated this birth weight as a 
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danger threshold was perhaps not so 
far wrong It would be a pity if this 
book, which may well become a stan- 
dard reference, were to condone and 
help to perpetuate imprecise and often 
counter-productive terminologies and 
classifications Harvey GOLDSTEIN 

1 Rantakallio, P, Annis Paediat 

14, 66 (1968) 
2 Butler, N R, and Alberman, E D, 


Potnatal Problems (Livingstone, Edin- 
burgh, 1969) 


Fenn, 


Organizing Books 


Classified Libiary of Congiess Subject 
Headings Edited by James G Wil- 
lams, Martha L Manheimer and Jay E 
Dailey Volume] Classified List Pp 
v+250 Volume I Alphabetic List 
Pp v+250 (Marcel Dekker New 
York, November 1972) $25 each 
volume 


THE Library of Congress system, 
devised for the organization of know- 
ledge in the collections of that library, 
consists of two parts a classification 
scheme for the arrangement of books 
and a subject headings list for the 
arrangement of alphabetical catalogues 
Nowadays we are aware that such a 
system should be integrated , that class 
numbers and subject headings are merely 
different ways of expressing the same 
concepts, that the cross references in 
an alphabetical subject catalogue should 
reflect the structure of a classification 
scheme We are able to design an index 
language that can be used both for the 
shelf arrangement of documents and 
for the construction of any type of cata- 
logue or index When the LC system 
was devised the two parts were taken to 
have different aims and principles They 
were developed independently and bear 
little relation to each other Even as 
separate entities they are not particu- 
larly good examples of their kind The 
classification scheme has never claimed 
to show the structure of knowledge as 
seen by specialists Its out-of-date 
method of attempting to enumerate all 
the possible subjects of documents was 
doomed to failure from the start and 
inevitably leads to inconsistency and 
cross-classification The subject head- 
ings notoriously fail to obey even the 
few tules they profess 

The aim of the work under review 
1s to improve the efficiency of libraries 
using the LC system It 1s addressed 
to the research worker as well as the 
librarian and is meant to be used by 
both Volume J is a completely new 
contribution in that it arranges the 
subject headings in the order of the 
classification scheme The preface 
admits that "research. now confirms 
what reference librarians and their non- 
professional peers long ago concluded 
as a collection* and its ‘catalogue grow 
1n size, the usefulness of a subject head- 
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ing list applied ın a dictionary catalogue 
decreases finally to the point of virtual 
meffectiveness” As a remedy that 
avoids the task of recataloguing a large 
Itbrary, the authors offer this classified 
list For the librarian ıt 1s supposed 
to unify the processes of allocating 
class numbers and subject headings to 
documents For the user it 1s supposed 
to perform the function of a classified 
catalogue in providing more effective 
access to related subjects in a collection 
Volume II consists of an alphabetical 
list of the subject headings to serve as 
an index to the classified sequence The 
main Library of Congress publication, 
Subject Headings, 1s not considered suit- 
able for this purpose since the subject 
headings themselves are obscured by a 
mass of cross-references and instructions 

It 1s difficult to share the authors' 
optimism about the value of their work 
In the first place it has always been 
recognized that no published scheme or 
its index is a suitable guide to the 
contents of a particular collection It 
will inevitably contain many subjects 
not represented in the library and will 
fail to list many that are In the second 
place, although the authors refer to 
some shortcomings in the LC system 
they give no indication that they have 
taken others into account They claim, 
for example, that the classified list eli- 
minates the necessity for the cross- 
references ın the subject headings list 
If we were dealing with a first-class 
classification there would be something 
in this, but LC 1s a limited classification 
The cross-references in the subject head- 
ings list freqently supplement rather 
than duplicate the relationships shown in 
the classified order Furthermore, the 
correspondence between individual class 
numbers and headings is far less precise 
than the presentation implies This low 
correlation 1s dealt with 1n some detail 
by J P Immroth in his Analysis of 
Vocabulary Control in Library of Con- 
giess Classification and Subject Head- 
ings (Littleton, Colorado Libraries 
Unlimited, 1971) 

The idea of applying modern ideas to 
improve an old system 1s laudable, but 
the work under review falls far short 
of its am In fact, the LC system 1s 
so faulty that many people would 
deplore the use of time, money and 
intellectual effort to prolong its life 
They would not like to see repeated in 
England the recent experience in USA 
of many large libraries adopting the 
system—an experience, incidentally, that 
invalidates the argument that wholesale 
reorganization of large libraries 1s un- 
thinkable No doubt many librarians 
will continue to d&fend the use of the 
system for some purposes, but even they 
would have to admit that it 15 least satis- 
factory ın dealing with science Even 
with the new publication the scientific 
research worker cannot hope for any- 
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thing like an adequate information 
retrieval service from libraries organized 
by the LC system D W LANGRIDGE 


Ultracentrifugal Topics 


Ultiacentiifugation of Macromolecules 
Modern Topics By J W Williams 
Pp xvit118 (Academic London and 
New York, January 1973) $950 


IN the year that marks the 50th anm- 
versary of the ultracentrifuge, 1t 1s par- 
ticularly fitting to take notice of the 
latest contribution from one who was 
present at the birth Professor J W 
Williams 1s justly renowned for his 
contributions to the theory and use of 
the ultracentrifuge, an instrument which 
has played so great a part 1n our under- 
standing of quantitative. relationships 
among biological macromolecules 
Without detracting from the sometimes 
spectacular advances made by others, it 
ıs surely a remarkable achievement on 
his part to have been consistently in 
the forefront of innovation and refine- 
ment This volume provides a short 
account of some areas of special interest 
to the author, where recent progress has 
enabled earlier barriers of intractability 
to be overcome 

The section on the study of synthetic 
polymers by sedimentation equilibrium 
shows how the complications arising 
from polydispersity accompanied by 
thermodynamic non-ideality can be 
minimized, it should facilitate the 
determination of reliable values of 
molecular weight 1n these systems 

The field of protein interaction has 
been one of remarkable development 
over the past few years, and the sec- 
tions devoted to this topic provide an 
excellent illustration of the depths of 
analysis which Rayleigh optics (usually 
allied to computer processing of data) 
have made possible The determination 
of equilibrium constants ın associating 
systems also exhibiting non-ideality 1s 
indeed impressive when one reflects on 
how slight are the deviations presented 
by any one experiment 

A chapter on the determination of 
size distributions 1s mostly of historical 
interest, but the final chapter, on a 
combination of velocity and equi- 
librium methods in the study of pro- 
tein subunits, illustrates the continued 
value of velocity measurements 

The book concludes with short 
appendices devoted to the fundamental 
theory of the ultracentrifuge, and to the 
effects of molecular heterogeneity 
They provide an admurable introduc- 
tion io the subject, in simply-formu- 
lated mathematical terms If the 
general approach is that of the physical 
chemist, the book can nevertheless be 
studied profitably by all who are con- 
cerned with the quantitative interpreta- 
tion of ultracentrifugal experiments 

J M CREETH 


a d 


—— 
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Smoking, Pregnancy 
and Publicity 


S1r,—Having perused so many methodo- 
logically unsound papers concerning 
associations between smoking and 
various disorders, J found your leader 
refreshing and welcome reading I am 
relieved to discover that the voice of 
scientific reason has not been entirely 
silenced by the well-meaning, if largely 
misguided, anti-smoking campaign 
Nevertheless, I feel your remark “ 
we cannot, from statistics, infer how or 
even that smoking is the key to 1t" needs 
some qualification 

It is true that we cannot discriminate 
between, say, causal and constitutional 
hypotheses by relying exclusively on the 
usual statistical associations. However, 
through some ingenious studies, Pro- 
fessor J Yerushalmy has demonstrated 
weaknesses and inconsistencies in the 
causal hypothesis He found that the 
perinatal mortality rate and the risk of 
congenital anomalies were both con- 
siderably lower for the low-birth-weight 
infants of smoking than of non- 
smoking mothers (Am J Epidem, 93, 
443, 1971) Furthermore, the best- 
surviving low-birth-weight infants were 
born of couples in which the wife 
smoked and the husband did not the 
most vulnerable were produced by 
couples 1n which the wife did not smoke 
and the husband did These observa- 
tions show that the connexion between 
smoking, low birth weight, congenital 
anomalies and neonatal mortality is 
complex 

More definite conclusions can be 
drawn from another of Yerushalmy's 
studies (Am J Obstet Gynec , 112, 277, 
1972) in which he explored the question 
Are low-birth-weight babies due to the 
smoking or to the smoker? He found 
that young mothers who start smoking 
after the birth of a child have a higher 
incidence of low-birth-weight infants 
than those who do not take up the habit 
In other words, low-birth-weight in- 
fants appear to be attributable to the 
smoker (or potential smoker), rather 
than the smoking 

In connexion with the more notorious 
association between cigarette smoking 


and lung cancer, Sir Ronald Fisher 
(Br med J, 2, 297, 1957) feared that 
the widely popular causal interpretation 
would prove to be “ a catastrophic 
and conspicuous howler” My un- 
answered letter in the Lancet (u, 102, 
1973) provides some further justification 
for the late Sir Ronald's misgivings 


Yours faithfully, 
PR J BunchH 


Depai tment of Medical Physics, 
University of Leeds, 

The General Infirmary, 

Leeds LS1 3EX 


Smoking and Pregnancy 


SIR,—I hope I may be allowed a few 
comments on your editorial! which 
criticises me for claiming ‘certainty’ 
for what 1s only the ‘possibility’ that 
maternal smoking causes an increase in 
perinatal mortality 

You refer to two papers, one in the 
British Medical Jounal written. with 
Professor Butler and Dr Ross? and one 
I wrote for the National Children’s 
Bureau journal Concern? In the former 
paper we were careful to make the 
obvious point that the observed statis- 
tical association between maternal 
smoking and perinatal mortality did not 
of itself imply ‘causation’ and we 
suggested that one way of testing the 
causal hypothesis would be by means of 
a scientifically controlled health educa- 
tion campaign The paper in Concern 
was less cautious because it was more 
concerned with health education, and 
was written against a background of 
knowledge that extends beyond the 
mere statistical associations 

The first piece of knowledge comes 
from experiments on animals which 
show that exposure to cigarette smoke 
during pregnancy does cause a reduction 
m birth weight and an increase m mor- 
tality’ 5, and there are good physiological 
explanations for the emechanisms in- 
volved Second, the ‘medical profession 
has for a long time been concerned with 
advising pregnant women (among 
others) to give up smoking, and this 
concern was expressed in a recent edi- 
torial in the British Medical Journal’, 


which also concluded that the available 
evidence from human and animal studies 
suggests that it really ıs the smoking 
which causes the association and not, 
for example, the personality of the 
women 

Taking up one of your own state- 
ments, you say that ‘those who can stop 
smoking during pregnancy should be 
given every encouragement’ It puzzles 
me why you should make this statement 
if you do not really believe that smoking 
1s likely to be harmful Also, ıs a health 
education campaign an ‘encouragement’ 
OT, as you seem to imply, an undesirable 
‘social pressure’? I would agree with 
you that too great a pressure can be 
counter-productive, and this 1s a prob- 
lem that health educators are well aware 
of There 1s undoubtedly much to be 
learnt about how to warn people of 
possible dangers, without creating un- 
necessary alarm or guilt This does not 
mean, however, that health education 
should not be attempted 

When you say that the scientific evi- 
dence for a causal relationship may not 
yet be very conclusive, you are of course 
correct, and thís raises the interesting 
and important problem of whether and 
how to use available scientific evidence 
for purposes of health education. Some 
research into this might be very useful 
In the present instance, however, I 
retain the opinion that the scientific 
evidence 1s strong enough to act upon, 
and that it would now be unethical not 
to give advice and encouragement to 
pregnant women, especially ‘high risk’ 
ones, to stop smoking 


Yours faithfuly, 
HARVEY GOLDSTEIN 


National Children’s Bureau, 
Adam House, 

1 Fitzioy Square, 

London W1P 5AH 


1 Nature, 245, 61 (1973) 

? Butler, N R , Goldstein, H., and Ross, 
E M, Bı med J ,2,127 (1972) 

3 Goldstein, H , Concern, 12, 26 (1973) 

Younosza, M K., Peloso, J, and 

Haworth, J C, Am J Obstet Gynec, 
104, 1207 (1969) 

5 Schoeneck, W .J, NY & Med, 41, 1945 


(1941) 
$ Bi med J,1, 369 (1973) 
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Tom Leadbetter Cottrell 


TOM LEADBETTER COTTRELL Was born in 
Edinburgh on June 8, 1923, the son of 
Allin Cottrell, lecturer in technical 
chemistry in the University of Edin- 
burgh, and Lily Cottrell, a well known 
Scottish artist from whom he derived his 
lifelong interest in art Cottrell was 
educated at George Watson's College 
and at Edinburgh University, where he 
graduated with first class honours in 
chemistry in 1943 Tt ts characteristic 
of the man that while still an under- 
graduate he worked on agar to gain 1n- 
sight into a line of research he had no 
intention of pursuing further In the 
same year he obtained a position as 
research chemist with the Nobel Divi- 
sion of ICI and in 1948 was promoted to 
be head of the physical chemistry 
research section after a couple of years 
secondment at Oxford where he gained 
experience in the Physical Chemistry 
Laboratory with Dr Leslie Sutton 
Then followed a remarkable period 
in which Cottrell's interest in the prob- 
lems he had encountered at Oxford and 
those engaging his attention at Steven- 
ston resulted ın the publication of some 
thirty papers in ten years These covered 
a wide range of topics including the 
thermal decomposition of nitroalkanes, 
the heats of combustion of amine 
nitrates, an electron microscope study of 
crystal surfaces, as well as theoretical 
papers in quantum mechanics These 
researches were recognized by the award, 
in 1952, of the Meldola Medal of the 
Royal Institute of Chemistry He also 
found time to write his first book, The 
Strengths of Chemical Bonds (1954), a 
new edition of which 1s being prepared 


by Dr W V Steele of Stirling Univer- 
sity 

In 1958 Cottrell became personal 
assistant to Sir Ewart Smith ın the ICI 
directorate 1n London, a stimulating and 
invaluable experience, and a year later he 
was appointed to the chair of chemistry 
in Edinburgh University, a rather sur- 
prising but imaginative appointment, for 
Cottrell had little or no experience as a 
university teacher He entered into his 
new duties with characteristic enthu- 
siasm, revised the syllabus in the light 
of modern developments, established a 
thriving research school, instituted an 
honours degree 1n chemical physics and 
introduced research on molecular beams 
under the direction of Dr Fluendy and 
Dr Lawley He revived his interest in 
the spectrophone and, with Arnold 
Read, successfully overcame the formid- 
able difficulties encountered to obtain 
results of fundamental importance In 
this period he published some twenty 
papers and three more books, Molecular 
Energy Transfer ın Gases (1961), 
Dynamic Aspects of Molecula: Enei gy 
States (1966), and a small “popular” but 
stimulating Chemistry (1962, second 
edition 1968), which can be read with 
profit by novice and expert alike 

Cottrell’s six years as professor ended 
in 1965 when he was appointed Principal 
and Vice-Chancellor of Stirling Univer- 
sity There can be no doubt that the 
imaginative and daring qualities he 
brought to his scientific problems were 
successfully applied to the foundation 
of a lively and vigorous institution of 
learning and research He took a wide 
view of the function of a university and 
the McRobert Centre, the splendid play- 
ing fields, and the Outdoor Centre on 


Loch Rannoch bear witness to his vision 
and foresight Only in time will his 
achievements as first Principal be fully 
recognized 

The demands of admunistration did 
not prevent Cottrell maintaining his 
interest ın research especially on elec- 
tron impact spectroscopy, begun ın Edin- 
burgh and continued by Dr _ Isobel 
Walker, one of his former Edinburgh 
students and the first lecturer 1n chemis- 
try to be appointed at Stirling Just 
before he died he hoped to obtain 
sabbatical leave in 1973-74 and return 
fos a spell of active research This was 
not to be The university has lost a 
brilliant and zestful leader and chemistry 
a bold pioneer who had the gift of 
spotting important and exciting prob- 
lems and who tackled them no matter 
how difficult and daunting they might 
be His main theme was the energy ın- 
volved in chemical and physical pro- 
cesses and in particular the rate at which 
energy transfer occurs He was unusu- 
ally well equipped to deal with the 
theoretical aspects of his problems and 
he employed ingenious experimental 
techniques The heavy calls on his time 
and his untimely death prevented him 
fulfilling himself as a scientist, but the 
wonder 1s that he accomplished so much 

Tom Cottrell was a buoyant person- 
ahty with an engaging modesty, a keen 
sense of humour and an interest in 
literature, art and, music He wore his 
learning lightly, found relaxation in 
yachting and was strengthened in diffi- 
cult times by a devoted wife A crow- 
ded congregation at the memorial ser- 
vice ın the Church of the Holy Rude in 
Stirling testified to the respect in which 
he was held 
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C. F. DIETRICH: 


British Calibration Service 


UNCERTAINTY, 
CALIBRATION 
AND 
PROBABILITY 


. 
A weighty work of fundamental importance to all 
Statisticians, scientists, and engineers, whether in 
research or industrial management 


SBN 85274 175 8 
Price £18.00 net 








à HEALTH HAZARDS 
| OF THE HUMAN ENVIRONMENT - 


Prepared by 100 specialists in 15 countries 


Part I: The community environment 


Part II: Chemical contaminants and 
physical hazards 


Part III: Surveillance and monitoring 


Part IV. Public health principles and 
practices of intervention 


e 


the scope of the book is so great that 
it cannot fail to be of use to any reader 
with an interest in. public health and the 
wellbeing (ot even the survival) of man” 
(Journal of the Institution of Water 
Engineers, Vol 27, No 5) 


1972 387 pages £660 31540 


Available from HMSO, Q Corporation, 
49 Sheridan Avenue, Albany, N Y 12210, 


ADAM HILGER LTD 


Sales Dept 


WARNER HOUSE, FOLKESTONE, KENT 





TECHNIK-WORTERBUCH 


Physik 


English- German- French - Russian 


About 75,000 entries in each language 
Three volumes (Vol | A-M, Vol Il 
N-Z, Vol Ill Multilingual indexes) 
Approx 2,960 pp 167 cmx24 cm 
Leatherette Price abt 290,- M due 
for Publication in December 


By Ralf Sube and Gunther Eisenreich 


or WHO 


MT 


New Technical Dictionary 


(Physics) 


This three-volume dictionary has been compiled exclusively from original literature 
in the corresponding languages 


Acoustics — Astrophysics — Biophysics — Electromagnetic field — Field 
theory—Mathematical aids in physics—Mechanics—Metrology—Optics— 
Physical chemistry—Relativity theory—Rheo!ogy—Structure of materials 
—Thermodynamics 


The dictionary of physics 1s intended for the evaluation of foreign language litera- 
ture in the fields of theoretical and applied physics The alphabetical arrangement 
of the entries permits fast and simple translation from, and into, any of the four 
languages 


Readership: Scientists, engineers and technicians concerned with foreign 
language literature, translators, people engaged in documentation work 


A detailed leaflet in German or English (also in larger quantities) available from the 
publishing house on request Orders can be placed with local bookdealers or 
directly with the Publishing House 


VEB VERLAG TECHNIK : 
102 Berlin, P O B 293, German Demecratic Republic 
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APPOINTMENTS VACANT 


MÀ 


MEDICAL RESEARCH COUNCIL 
LABORATORY ANIMALS CENTRE 
CARSHALTON SURREY 


Applications are invited from 


BIOLOGY OR ZOOLOGY 
GRADUATES 


(minimum age 28) with at least five years’ post- 
graduate experience for two posts of Technical 


Officer 


The first post 1s in the Centre's Accreditauon 
Department Duties will include the visiting of com- 
mercial breeders of laboratory animals throughout 
the United Kingdom who are accredited or recog- 
nized by the Centre The successful applicant must 
be prepared to travel and spend up to six nights per 
month away from home 


The duties of the second post will mainly involve 
assisting the Director with his responsibilities which 
include research on specific pathogen free cats 
Ability to abstract and write scientific papers 1s 
essential 


Previous experience with small animals would be 
an advantage in bcth posts 


Salary within rarge £2184 to £3,057 plus London 
Weighting and Superannuation 


Applications, together with a copy of curriculum 
vitae and the names of two professional referees 
should be addressed to The Director, Medical 
Research Council Laboratory Animals Centre, Wood- 
mansternc Road, Carshalton, Surrey (905) 





UNIVERSITY OF 


WESTERN AUSTRALIA 
PERTH 


SCJENTIFIC OFFICER 
ELECTRON 
PROBE MICROANALYSIS 
in the 
Electron Microscopy Centre 


Applications are invited for the above-menuoned 
appointment 

Duties Operate and maintain an automated ARL- 
SEMO electron probe microanalyser which is being 
established in the above laboratories The appointee 
will be required to assist staff and students in all 
disciplines although imually the main emphasis will 
be on geological and soil science research projects 
The successful applicant may be required to attend 
a familiarization course in the United States 

Qualifications An appropriate degree or diploma, 
preferably an MSc or PhD It is desirable for the 
appomtee to have some experience in mineralogical 
or metallurgical microprobe analysis and in computing 
piocedures Competence in electronics would also be 
an advantage 

Conditions Salary range $A5,709 to $A8,412 per 
annum Benefits include superannuation, fares to 
Perth for appointee and dependant family, removal 
allowance and liberal annual, sick and long service 
leave entitlements Ls 

Applications stating full personal par iculars and 
details of qualifications and experience together with 
the names and addresses of three referees close with 
the Staffing Officer, University of Western Austraua, 
Nedlands, Westerfi Australia '6009, on October 20, 
1973. F (998) 
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CSIRO 
AUSTRALIA 


The Commonwealth Scientific and Industrial Research Organization has a broad 
charter for research into primary and secondary industry areas The Organization 
has approximately 6,500 employees—2,100 of whom are research and professional 
scientists—located in Divisions and Sections throughout Australia 


RESEARCH SCIENTIST 
GROUP LEADER 


DIVISION OF TEXTILE PHYSICS—RYDE, N.S.W. 


FIELD: MEASUREMENT TECHNOLOGY 


GENERAL A substantial part of the Division’s programme is concerned with the 
development of new measurement techniques and equipment A group of some 
6 professional officers and 9 supporting staff, occasionally augmented, 1s at present 
actively engaged in the technology of measurement of the characteristics of raw 
wool samples, especially clean fibre content, diameter, vegetable matter content 
and length The techniques make use of a wide range of physical phenomena 
Complex instruments, many of which have gone through several stages of prototype 
development, are in various phases of invention, development, and evaluation 


The future activities of the group are expected to be diversified into new techniques 
of measurement, particularly in relation to the characteristics of fibres, particles 
and powders 


DUTIES: The appointee will be involved in current projects and the successful 
completion and introduction into the industry of instruments now under 
development 


QUALIFICATIONS A Ph D degree or equivalent qualifications and demon- 
strable research ability Previous experience in the development of instruments 
and prototype equipment and the ability to lead an innovative group is most 
desirable 


e. 
SALARY: The appointment will be made within the ranges of Principal Research 
Scientist or Senior Principal Research Scientist. $A13,468- $A18,104 p a 


TENURE: This position is available for an indefinite period and Australian 
Government Superannuation benefits are available 


Applications stating full personal and professional details, the names of at least 
two professional referees, and quoting Reference Number 465/374, should reach 


The Personnel Officer, 
Australian Scientific Liaison Office, 
64-78 Kingsway, London, WC2B 6BD 


by the 2nd November, 1973 


Applications in U S A and Canada should be sent to 


The Counsellor (Scientific), 
Embassy of Australia, 1601 Massachusetts Avenue, N.W., 
Washington, D C. 20036, U.S A 


(1028) 





NATIONAL VEGETABLE RESEARCH 


STATION 
WELLESBOURNE, WARWICK 


SCIENTIFIC LIAISON OFFICER 


Applications are invited for the post of Scien- 
tfic Liaison Officer Duties will include dissemi- 
nation of results of researah, acquiring and collating 
economic and other data on aspccis of vegctable 
production and consumption, and making arrangc- 
ments for visiting scienusts — Qualificauons degree 
m science or equivalgnt qualification in horticulture 
research and/or advisog experience, and pracucal 
knowledge of horticultural industry, essential some 
knowledge of agricultural or horucultural economics 
advantageous Appoiiment ın grade Principal 
Scientific Officer (£3,472 to £4,575) Superannuation 
with allowance to offset contributions 

Full particulars and application form (to be re- 
turned by November 2, 1973) from the Secretary, 
NVRS, Wellesbourne, Warwick (981) 


UNIVERSITY OF LONDON 
GOLDSMITHS’ COLLEGE 


DEPARTMENT OF ARTS, SCIENCE AND 
EDUCATION 
NEW CROSS, LONDON SE14 6NW 


Applications are invited for a half-tuime LECTURER 
(man or woman) in the Chemistry Department for 
January 1974 The College prepares students for 
London University Certificate of Education and B Sc 
and B Ed degrees Candidates should possess high 
academic qualifications and previous teaching experi- 
ence would be a recommendation The timetable 
could be arranged to fit in with other (eg domestic) 
responsibilities 

Salary according to the Pelham scale for Lecturers 
in Colleges of Education 

Write for further details, enclosing a stamped, 
addressed foolscap envelope, to the Personnel Officer, 
to whom applications should be sent by October 12, 
1973 (999) 
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THE MIDLAND CENTRE FOR 
NEUROSURGERY AND 
NEUROLOGY 


HOLLY LANE, SMETHWICK WARLEY, 
WORCS 


TECHNICIAN (HISTOLOGY) requircd in 
the Department of Pathology The work in- 
cludcs a wide range of celloidin, large frozen, 
histochemical and electron. microscope. tech- 
niques on nervous and other tissucs The 
D.partment is well equipped with modern 
equipment including an electron microscope 
Previous experience. of neurolustological tech- 
niqucs i$ not essential as training will be given 
This vacancy would be particularly suitable for 
a tcchnician at presint studying for the special 
examination ın histology Extensive library 
fa.ilities available = Intending applicants. wish- 
ing to vicw thc laboratories should ring 021- 
558 2311, ext 263 


Applhcauons, giving details of age, qualifi- 
cations and experience, together with names 
and addrcsses of two referees, to be sent to 
the Group Secretary, West Bromwich and 
Dotnet Hospitals Management Commitice 
West Bromwich and District General Hospital 
Ldward Street, West Bromwich (1056) 





UNIVERSITY OF PAPUA 
AND NEW GUINEA 


Applications are invited for 3 posts of SENIOR 
LECTURER/LECIURER IN HUMAN BIOLOGY 
One appomice will be required to supervise the 
teaching of Biochemistry One preferably a medical 
graduate will be responsible for teaching within the 
area of Pharmacology/Physiology For the third 
position applications are invited from persons with 
broad inturests in ans of the other arcas taught 
within the Department The Department, under the 
Headship of Professor P Sinnett js responsible for 
teaching preclinical suience subjects to medical 
students during the second and third years of their 
undergraduate training Areas of study include 
Gross Anatomy Histology Embryology, Growth and 
Development Genetics Biochemistry Physiology, 
Neuroanatomy and Neurophysiology, Pharmacology 
and Nutrition 

Salary scales Senior Lecturer ASIO 119 to A$11,734 
per annum Lecturer A$7 304 to A$9,887 per 
annum plus  A$360 dependasts allowance per 
annum = Conditions include provision. of housing 
annual leave fares FSSU 

Applications (2 copies) should include particulars 
of age nationality, marital status, qualifications and 
experience names and addresses of 3 referees a 
recent small photograph and an indication of 
estimated starting date Information about the posts 
1s available from the Head of Department Further 
details and conditions of appointment are available 
from K R Long, Secretary, PO Box 4820, Uni- 
versity Papua New Guinea Closing date November 
16 1973 (1021) 


FACULTY OF MEDICINE 


MEMORIAL UNIVERSITY 
OF NEWFOUNDLAND 


Applications are invited for the position of 
ASSOCIATE DEAN of BASIC MEDICAL 
SCIENCES at Memorial University in St John s, 
Newfoundland 

The person appointed would be expected to assist 
in developing the general policies and areas of 
emphasis of the Medical School and in Particular, 
the Basic Sciences. ensuring that these policies are 
reflec ed in faculty recruitment and other activities 
Prefe"ence will be given to candidates who have had 
considerable research and admmustrative experience 

The duration of the appointment will normally be 
for a period of three years The post will carry an 
appropriate academic rank and tenure in accordance 
with university regulations Salary will be accord- 
ing to qualifications and experience 

Applications accompanied by a detailed curricu- 
lum vitae and the names of three referees will be 
received until. November 15, 1973, by either Dean 
lan E Rusted or Dr B H Sells, Selection Com- 
mittee, Faculty of Medicine, Memorial University. of 
Newfoundland, St John's Newfoundland Canada 

(963) 


TECHNICIAN REQUIRED IN THL DEPART- 
ment of Plant Biology and Microbiology to assist in 
the Microbial Genetics Laboratory Salary (Grade 
2B) £1,416 by £51 to £1,671 per annum plus London 
Weighting £175 per annum Five-day week Five 
weeks (in total) annual leave — Letters only to Assis- 
tant Secretary (Establishment), T/PB, Queen Mary 
College, Mile End Road, London El 4NS stating 
age, experience, qualifications and present work 

(976) 











Government of 
Botswana 


Soil Surveyor 


Required for soil surveying and production of soil and land capability maps 
which Involve extensive field work Commencing salary according to experience 
in scale equivalent to £1730 to £4130 a year A substantial gratuity is payable 
on completion of engagement which is for one tour of 2$ years initially 
Other benefits include free passages, liberal leave on full salary, generous 
education allowance and Government quarters at moderate rental Appoint- 
ment grant £200 and car advance £600 may be payable Candidates, preferably 
at least 30 years of age, MUST have professional qualifications in soil science, 
and experience in Africa and a land use planning background are preferable 












Because of lower rates of income tax in Botswana, the gross emoluments are 
roughly equivalent to UK salaries of, £2550 to £5000 for a single man, £3500 
to £6050 for a married man with two children 






The post described is partly financed by Britain's programme of aid to the 
developing countries administered by the Overseas Development Administra- 
tion ofthe Foreign and Commonwealth Office 






For further particulars you should apply, giving brief details of experience to — 


crown agents 


M Division, 4 Millbank, London SW1P 3JD, quoting reference 
number M3F/720930/NF 







(955) 






Pharmaceuticals Division 


Clinical 
Pathologist 


An opportunity exists to Join a group working in the field of detection 
and investigation of adverse reactions associated with administration of 
novel pharmaceutical compounds The successful candidate will have a 
senior position in a Unit which comprises clinical chemistry, haematology 
and animal studies laboratories 


Applications from scientific, medical and veterinary graduates (either 
male or female] will be considered, but candidates should be experienced 
research workers with a sound knowledge of human or animal physio- 
logy and pharmacology 


Pharmaceuticals Division is very attractively situated in rural North 
Cheshire, within easy reach of main road and rail routes Conditions of 
service, salary and career opportunities, and assistance given to married 
men in moving home are designed to attract and retain staff of high 
calibre 


Applicationsgn writing, giving brief details of age, qualifications and 
experience, should be addressed to - 


Miss K E Webster, Personnel Officer, 
Imperial ChemicaleIndustries Limited, 
Pharmaceutical Division, 

Mereside, Aldegley Park, 
Macclesfield, Cheshire, SK10 4TG 


o THE QUEENS AWARD 
1966 1967 1968 1969 1970 193 
. 
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Quality Control Technicians ! 
and Laboratory Technicians 


Bass Charrington Vintners market a wide Quality Control Technicians 
range of wines and spirits that include VAT 69 These positions would be of interest to 
Whisky, Bacardi Rum, Emva Cyprus Sherry, young graduates (or equivalent) and those 
Sandemans Port, Mateus Rose and Hirondelle possessing ON C and studying for HN C 
Wines, and many other famous names Some previous relevant experience would be 
We are rebuilding our site at Three Millsin — a distinct advantage It is important that the 
an historic part of London on the River Lea successful applicants are able to work closely 





and new Laboratories are currently under with our warehouse and production staff 
construction We offer good starting salaries plus several 
Laboratory Technicians extra Company benefits and excellent working 
Applicants should preferably have ‘A’ Level Conditions r 
in a chemical or biological subject and be Write with full details abcut yourself to 
studying for ON C although consideration Miss J Long, Personnel Dept, 
will be given to those with good 'O' Level Bass Charrington Vintners Ltd, 
results Training will be given in both classical Three Mills Lane, Bromley-by-Bow, E 3 or 
and modern instrumental analysis telephone 01-980 7133 for an application form 


Bass Charrington Vintners 












(1037) 














unilever Physical Chemist 
research |y dration Studies 


A graduate (B Sc or M Sc ) physically-orientated chemust 1s required for basic studies of the 
state and role of water in biological systems He or she will join a group which includes a number of 
1nternationally recognised authorities 1n this area, and will be responsible, initially under the 
supervision of a scientist, for the application of novel (Time Domain Spectroscopy) methods 

Colworth House 1s situated in a pleasant country estate ten miles north of Bedford and ıs 
responsible for the research relating to Unilever's world-wide interests 1n the food tndustry 
A good starting salary with annual merit review will be offered to the selected candidate 

Interested applicants should write for an application form quoting reference CWA 148 to 

The Personnel Officer, 
Unilever Research, 
Colworth/Welwyn Laboratory, 
Colworth House, 

Sharnbsook, 

Bedford 
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New Zealand 


Dept. of Scientific and 
Industrial Research 







Applications are invited 
for the undermentioned 
vacancy 


HYDROLOGIST 


A hydrologist 1s required in the Fresh- 
water Section of Ecology Division 








Salary: 

Up to NZ$8,997 according to quali- 
fications and experience Further pro- 
motion on merit. A higher salary may 
be negotiated for an applicant. of 
Special merit 















Duties: 


To work with a closely integrated 
team engaged in study of the autro- 
phication processes in New Zealand 
lakes and rivers 








Qualifications desired: 


PhD or equivalent experience in 
hydrology 


The appointee will take up his posi- 
tion in 1974 and will be based at 
Taupo in the centre of the North 
Island of New Zealand 








Passages: 


Fares for appointee and his wite and 
family, tf married, will be paid 






Incidental expenses: 


Up to £55 for a single man and £183 
for a married man can, be claimed to 
cover the cost of taking personal 
eflects to New Zealand 








Application forms and general in- 
formation are available from the 
High Commissioner for New Zealand, 
New Zealand House, Haymarket, 
London SW1Y 4TQ, with whom appli- 
cations will close on November 15, 
1973 


Please quote reference B13/18/126 
when enquiring (1008) 











UNIVERSITY OF DURHAM 


DIPARIMLNT OF APPLIED PHYSICS AND 
FLLCTRONICS 


Applications arc. myued for the post of SLNIOR 
RESLARCH ASSISTANT to work on magncuc 
resonance m glasses and rclatcd single crystals under 
the duecuon of Dr J S Thorp Applicants should 
have a Ph D degree or equivalent qualifications and 
1escarch. experince m the experimental or theoreucal 
aspects of election spin resonance is desirable The 
appointment will be for two years from as soon as 
possible after the closing date 

The salary will be on the scale £1,866 to £2,586 
per annum wih FSSU 

Applications (3 copies), including the namcs and 
addresses of three icferecs should be sent by Octo- 
ber 15, 1973 to the Registrar and Secretary Science 
Laboratoris South Road, Durham DH1 3LE from 
whom further particulars may be obtained (1009) 





KING'S COLLEGE HOSPITAL 


MEDICAL SCHOOL 
(UNIVERSTIY OF LONDON) 
Denmark Hill, London SE5 8RX 


JUNIOR RESLARCII TLCHNICIAN required to 
work on radioimmunoassay and gas chromatography 
of steroids and  prostaglandins Post renewable 
annually Salary according to age and experience 
lrainmg will be given in these methods if necessary 

Applications to The Secretary of the Medical School 
(N) not later than Octobcr 8, 1973 (798) 


UNIVERSITY OF STRATHCLYDE 
Bioengineering Unit 


SENIOR LECTURESHIP/LECTURESHIP IN 
REHABILITATION ENGINEERING 


A vacancy exists for a senior lecturer/lecturer in the Rehabilitation Engineei - 
ing division of the Bioengineering Unit whose activities include the assessment 
of the biomechanics of locomotion of the normal, the disabled and the 
amputee, development and assessment of systems of prosthetic construction, 
design studies for total joint replacements and the design and assessment of 
orthotic systems 


The Bioengineering Unit is a research and postgraduate teaching department 
working in collaboration with clinicians in the surrounding hospitals 


Applicants should have a postgraduate degree in physical or life sciences, or 
equivalent professional experience and, preferably, a wide research experience 
in biomechanics or a related field of study A knowledge of prosthetics or 
orthotics is desirable 


Salary scales Senior Lecturer £4,368 to £5,496, Lecturer £1,929 to £4,548 
FSSU benefits 


Application forms and further particulars (quoting 31/73) may be obtained 
from the Registrar, University of Strathclyde, Royal College Building, 204 
George Street, Glasgow G1 1 XW, with whom applications should be lodged 
by October 17, 1973 


(1029) 





UNIVERSITY OF EDINBURGH 
DEPARIMLNI OI PHYSIOLOGY 


LECTURESHIPS 


The Universit. Court invites applications. for two newly cstablished Lecturer posts in the 
Deparment of Physiology Candidates must be medically qualificd and meet two of the threc 
following requir, ments 

0) Possess a good Honours degree in Physivlogs, Pharmacology, Pathology, or Anatomy 
i 0) Possess a PhD or cquivalent research experience in mammalian or human physio- 
ogy 

(1) Possess the Membership of one of the Royal Colleges of Physicians 

The salary scale for Lecturers is £1 929 by £129 to £2,058 by £165 to £4 368 by £180 to 
£4 548 Det annum — Membership of the Federated Superannuauon Scheme for Univcrsines is 
require 

Applications, by letter (six cops) including the names of at last two referees, should be 
submitted not later than November 5 1973, 10 the Secretary to the University, Old College, 
South Bridge Edinburgh EHS 9YL from whom further particulars may be obtained Please 
quote Reference 1043 (954) 


UNIVERSITY OF PAPUA AND NEW GUINEA 


Applicauions are invited for the following posts in the Faculty of Agriculture 


1 ASSOCIATE PROFLSSOR/SENIOR LECTURER IN AGRONOMY Applicants should 
have a Ph D in Agronomy or Horticulture and have had considerable experience in at least 
onc of the tropical plantation crops Appointee will be required to teach the agronomy of 
Plantation crops to undergraduates and io carry out research in the field of horuculture 
The post wil be based in Lae and an appointee at Associate Professor level will be respon- 
sible to the Professor of Agriculture for the da to day running of thc Sectton Available 
from early 1974 


2 SENIOR LECIURER/LECIURLR IN AGRICULIURAL ZOOLOGY Applicants 
should have an honours degree in Zoology or Entomology, with postgraduate experience or 
degree in Agricultural Entomology Preference will be given to those with tropical experi- 
ence Appointee will be required to teach elementary Zoology, Anatomy and Physiology of 
farm animals and pests of agricultural importance Available from January 1974 


3 LECIURER IN RURAL LXIENSION/AGRICULTURAL ECONOMICS Applicants 
should have a good degree in Agriculture or Economics with postgraduate traming and experi- 
ence in Agricultural J xtension especially m developing countries Appointee will be required 
to teach farm management economics and extension methods to undcrgraduatts and to 
initiate. rescarch in the economics of subsistence agriculture and the adoption of agricultural 
programmes in Papua New Guinea Available from mid-1974 


The University offers a four-year degree course in Agriculture Students Spend three years 
studying at the University in Port Moresby and a final ycar attached to thc Papua New Guinca 
University of Technology in Lae A number of staff of the Faculty of Agriculture are based 
in Lae and arc responsible to the Head of Department of Agriculture. Professor D A C 
Fnyi, who is located in Port Moresby 


Salary scales Associase Professor A$13 199 per annum, Senior Lecturer A$10 119 to A$11,734 
per annum  Lectur.r A$7,304 to A$9 887 per annum plus A$360 pcr annum dependants allow- 
ance (£1 ster ng=A$] 62) Condiuons clude prévision. of housing annual leave fares 
FSSU  Applxrauons (2 copies) should include particulars of agi, nationality marital 
status, qualifications and experience, names and addresses of 3 referces, a recent small photo- 
graph, dnd an indication of estimated starting date Information dbout the posts is. available 
from the Head of Department Further details and tf conditions of appointment are avail- 
able from K R Long, Secretary, PO Box 4820 University, Papua New Guinea. Closfhg date 
November 16 1973 à (1031) 
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Graduates and 
Technicians 


Department of Metabolism and Pharmacokinetics 


The Huntingdon Research Centre ıs the 
recognised international leader in contract research 
in the life sciences. As a result of our rapid and 
continuing expansion there are new vacancies for 
Scientists and Technicians 1n our Department of 
Metabolism and Pharmacokinetics 

Candidates should possess or be studying for 
an appropriate qualification (HNC,  MIBiol, 
GRIC, BSc, or PhD) The work will involve 
studies of the metabolic fate and pharmacokinetics 
of labelled drugs, pesticides and’ food additives 
using radioisotopes Relevant experience would be 
desirable but 1s notessential Proven, 
practical ability 1s of prime import- 


ance 


These vacancies provide an 1deal 


Ii.HR.C. 


opportunity for suitably qualified scientific staff to 
join one of the leading drug metabolism research 
groups in the U K Attractive career opportunities 
based on merit exist. 

The Centre 1s located near Huntingdon in an 
attractive part of the country with good access to 
London by road and rail We offer excellent work- 
ing conditions together with progressive general 
benefits, a competitive salary and the usual pension 
and other fringe benefits 

Please write or telephone for an application form 
to John Halliday, Personnel Officer, Huntingdon 
Research Centre, Huntingdon PE18 
6ES, telephone Woolley (STD 
048 086) 431, quoting Reference 
Number 272 


Huntingdon Research Centre 


]M MAX-PLANCK-INSTITUT 


FÜR ERNAHRUNGSPHYSIOLOGIE 
DORTMUND 


ist sofort die Stelle emes Arbeitsgruppenleiters der 
Besoldungsgruppe H II/H Wl ze besetzen Die 
Anstellung hat eine vorlaufige Laufzeit von 5 Jahren 
Der Arbeitsgrurpe steht eme Nutzflache von 180 m2 
sowie Mittel für wissenschaftliche und technische 
Assistenten, Ausstattung und laufenden Bedarf zur 
Verfügung Den Bewerbern wird Gelegenheit 
geboten in engem Kontakt mit den bestehenden 
Arbensgruppen des Instituts, Probleme auf den 
Gebieten der Bioenergetik, Enzymologie und Enzym- 
regulation, antra- und  interzellularer Transport- 
mechanismen sowie Analyse und Aimulauon Bio- 
chemischer Systeme selbstandıg zu — bearbeiten 
Bewerber sollten auf den genannten Forschungsgebieten 
bereits Anerkennung gefunden haben 
Bewerbungen einschliesslich_ Lebenslauf, Publika- 
tionsliste, wissenschaftlichem Programm und gewun- 
schtem Eintrittstermin werden moglichst bis zum 31 
Oktober 1973 erbeten an den Leiter der Verwaltung 
der Max-Planck-Insutute Dortmund, D—46 Dort- 
mund  Rhemlanddamm 201 (995) 





UNIVERSITY OF LEICESTER 
DEPARTMENT OF GENETICS 


POSTDOCTORAL RESEARCH 
ASSISTANT 


Applicauons are invited from  Biochomists and 
Molecular Geneticists for a Postdoctoral Research 
Assistantship financed by an MRC Project Grant 
The object of the research will be the isolation and 
biochemical characterisaion of specific membrane 
fragments from E cols involved in binding DNA 
The role of such DNA-membranc complexes in DNA 
replication will be examined and opportunities will 
be available to use a wide varicty of techniques in 
Molecular Biology and Microbial Geneucs 

The appointment will be tenable for up to 3 years 
from October 1973 or as soon after as can be 
arranged Salary from £1,764 (by £159, by £156 to 
£2,079) pr amum with fall ES SU provision 

Applications, with names of two referees to Dr 
I B Holland, Department of “Genetics, University 
of Leicester, Leicester LE! 7RH (967) 


TWO GRADUATE 
RESEARGH ASSISTANTS 


required for a research team studying the 
effects of anaesthesia on cardiovascular physio- 
logy and metabolism Suitable for recent 
Brological Science graduates 


Physiology or 
Interest 1n computing techniques an advantage 
Salary in range £1,419 to £1,833 per annum 


For further information contut Dr J H 
Chamberlam (01-407 7600, ext. 528) Appli- 
cations by letter to the Secretary, Guy’s Hos- 
pital Medical School, London Bridge, SE1 
ORT, quoting Ref JH (951) 





THE HANNAH RESEARCH 


INSTITUTE 
Applications arc invited for a post in the Bio- 
chemistry Department within the SCIENTIFIC 


OFFICER or HIGHER SCIENTIFIC OFFICER 
grades The person appointed will be required to 
assist in the stung up and running of a unit for 
the central handling and counting of isotopes Duues 
will involve the organisaauüon of routine counung, 
the monitoring of wor, areas, gencral administration 
associated with the use of isotopes, and th. supcr- 
vision of technical! staff 

Applicants should have at last a pass degree or 
HNC in an appropriate subject and knowledge of 
techniques for thc” cgunung and handling of isotopes 

Salary within the scales £1,318 to £2,177 or £2,076 
to £2667 per annum, with placement according to 
qualifications and @erience A mimmum of five 
years’ post-qualifying experience is required for ap- 
poimtment to the higher grade and T supr- 
annuauon with an allowance to offset contributions 

Applicauons, giving names and addresses of two 
referees, to the Secretary, The Hannah Research 
Insutute, Ayr KA6 5HL, by October 31, 1973 

(963) 





UNIVERSITY OF PAPUA 
AND NEW GUINEA 


Applications are invited for the following posts 


1 CHAIR OF GEOGRAPHY Applications are 
invited from both physical and cultural geographers, 
but it should be pointed out that most of the 
students within the department are in the Arts 
Faculty Preference will be given to those with 
research and/or teaching experience in the tropics 
Appointee should be able to give leadership and 
advice in teaching and research within the depart- 
ment Available from January 1974 

2 SENIOR LECTURER/LECTURER IN GEO- 
GRAPHY Preference will be given to candidites 
with teaching and research experience in economic 
geography or regional planning, but applications from 
candidat.s with other experience will be welcome 
Appointee will be expected to tahe up the post in 
early 1974 or as soon as possible thereafter 


Salary scales Professor A$15,869 per annum 
Senior Lecturer A$10 119 to A$11 734 per annum 
Lecturer A$7,304 to A$9 887 per annum plus A$360 
per annum dependants allowance Conditions 1n- 
E enn of housing, annual leave fares, 


Applications (2 copies) should include particulars 
of age, nationality, marital status, qualifications and 
experience, names and addresses of 3 referees, a 
recent small photograph and an indication of 
estimated starting date Further details and condi 
tions of appointment are available from K R Long, 
Secretary, PO Box 4820, University, Papua New 
Guinea Closing date November 16, 1973 

(1023) 





CHELSEA COLLEGE 
UNIVERSITY OF LONDON 


ELLCTRON MIOROSCOPY TECHNICIAN 
GRADE 3 required for College Electron Umit situ- 
ated in Hammersmith Experience in vacuum tech- 
niques and photography an advantage Wide range 
of work with bias towards biological techniques 
Day release and trainmg opportunities Salary scale 
£1,629 to £1,884,per annum 

Further details and applicauon forms from Mr 
M E Cane Departmental Superntendent (N) De- 
partment of Physics, Chelsea College Pulton Place, 
London SW6 5PR (1035) 
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The University of Leeds 














PROCTER DEPARTMENT OF 
FOOD AND LEATHER SCIENCE 


Aprlications are invited from scientists with 
experience in Food Science or in a branch of 
science relevant to Food Science for a newly 
established CHAIR of Food Science The 
successful candidate will be appointed at the 
same time to the Headship of the Procter 
Department in succession to Professor A G 
Ward Professor Ward will continue to occupy 
the Procter Chair of Food and Leather Science 
unt] his retirement in 1979 


The salary will be not less than £5625 a 
yea" The University reserves the right to con- 
sider for appointment persons other than those 
who submit formal applications 


Applications (two copies), Stating age, qualifi- 
cations and experience, and naming three refer- 
ees, should reach the Registrar, The Univer- 
sity Leeds LS2 9JT, quoting the reference 
number 40/7/D not later than November 30, 
1973 Applicants from overseas may apply in 
the first instance by cable naming three refer- 
ces who should preferably be in the United 
Kingdom (950) 








PORTSMOUTH POLYTECHNIC 


Department of Physics (Biophysics Laboratory) 


EXPERIMENTAL OFFICER 
Post No 678 


An Experimental Officer is required for the main- 
tenance and running of a high revolution NMR 
Spectrometer and X-ray diffraction equipment 
Candidates are required to have a degree, HN D 
or HNC, in physics or engineering, preferably with 
some experience in instrumentation This appoint- 
ment 1s for a period of five years only 

Salary scale T4/5 
per annum 


Up to a maximum of £2,235 


Application forms for this post arc available from 
the Staff Officer, Portsmouth Polytechnic, Alexandra 
House, Alexandra Road, Portsmouth POI 2QQ, and 
Should be returned as soon as possible (1011) 





UNIVERSITY OF SUSSEX 
SCHOOL OF BIOLOGICAL SCIENCES 


TEMPORARY LECTURESHIP IN 
GENETICS 


A Temporary Lectureship in Genetics for one year 
with possible extension for a second year, 1$ 1mmedi- 
ately available 

Teaching responsibilities 
Second year class, and 
zoan Genetics 

The research interests of the associated gioup IS in 
the developmental genetics of Drosophila, including 
embryology and cell culture, and good facilites are 
available Candidates with other research interests 
will also be considered 

Appointment will be made on the Lecturer scale 
£1929 to £4,548 per annum, as soon as possible after 
October 1, 1973 

Application forms may be obtained from the Secre- 
tary of Science, Science Office (E), University of 
Sussex, Falmer, Brighton BNI 9RH ° (1012) 


will be primarily for a 
will cover aspects of Meta- 





UNIVERSITY OF IBADAN 
NIGERIA 
invited for posts of (a) RF- 
SEARCH FELLOW and (b) LECTURER IN DF- 
PARTMENT OF BIOCHEMISTRY For (a) 
applicants should be medical graduates with regis- 
tered medical qualificanons Preference will be given 
to those who have additional qualifications in science 
or experience in child nutrition For (b), applicants 
should be holders of doctorates in biochemistry 
Preference will be given to those who have had 
Some research experience and publications in the 
field of biochemical toxicology Salary scale N2 760 
to N4,830 per annum (£1 Ssterling-N159) The 
British Expatriates Supplementation Scheme is un- 
likely to be applied to this appointment Family 
passages various allowances, superannuation Scheme, 
biennial overseas leave 

Detailed applications (2 copies), including a cur- 
riculum vitae and naming 3 referees, should be sent 
by ar mail not later than October 29, 1973 to the 
Registrar, University of Ibadan, Ibadan, Nigeria 
Applicants resident m UK should also send 1 copy 
to Inter-University Council, 90/91 Tottenham Court 
Road, London W1P ODT Further particulars may 
be obtamed from either address (975) 


Applications are 
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PUBLIC SERVICE—SOUTH AUSTRALIA 


CHIEF BOTANIST 


South Australian Herbarium 


Botanic Garden Department 


The state Herbarium is a section of the Botanic Garden Department which 


is administered by the Director 
Governors of the Botanic Garden 


Further information concerning the Herbarium ts available from either 
Botanic Garden Department, North Terrace, 


The Director, 
ADELAIDE 5000 


or 


The Agent General for South A 


50 Strand, LONDON WC2N 5L 


Salary Limits $I 1657/12065 


Duties. The Chief Botanist is in char 
to the Director for supervision of th 
identification service, for organising expeditions, and for research on and 


maintenance of the collections 


The Herbarium is housed in a modern building and includes some 200,000 


specimens 


Qualifications A University Degree tn Science is essential 
applicants would possess a higher de 


post-graduate experience in this fiel 


(Applications to the Director, Botanic Garden, 
5000, with copy to Agent General for South Australia, South Australia 
House, 50 Strand, London WC2N 5LW ) 


Applications should include full personal particulars, 
qualifications and war service (if any), 
ence, a [ist of publications and the na 


The successful applicant must be in 


undergo a medical examination prior 


Closing date for applications. 30th November 1973 


NATIONAL INSTITUTE FOR 


RESEARCH IN DAIRYING 
(UNIVERSITY OF READING) 


A SCIENTIFIC OFFICER or HIGHER SCIEN- 
TIFIC OFFICER 1s required to undertake research 
into the chemistry of dried dairy products The work 
involves studies of reconstitution properties of milk 
powder and of chemical changes occurring during 
production which affect these properties Experience 
1n protein chemistry and interest in colloidal chemistry 
is desirable 

Candidates should possess a degree HNC or 
equivalent qualificanon Appointment will be in the 
grade of Scientific Officer (£1,318 to £2,177) or Higher 
Scientific Officer (£2,076 to £2,667), with a starting 
Point dependent on qualifications and experience At 
least five years’ post-qualifying experience 1s required 
for appointment in the higher grade — Superannua- 
uon, with an allowance to offset contributions 

Apply on forms obtainable from the Secretary, 
NIRD, Shinfield, Reading RG2 9AT, quote refer- 
ence 73/39 Closing date October 31, 1973 (882) 


UNIVERSITY OF MANCHESTER 


RESEARCH ASSOCIATE IN 
MATHEMATICS 


Applications invited for tpis post to work in the 
Statistical Laboratory under tre direction of Pro- 
fessor Violet Cane on a project in cephalic morpho- 
logy, involving the construction of statistical tech- 
niques to enable faces to be ya med according to 
their degree of similarity, with ea "View to correlation 
with psychological and other measurements Appli- 
cants should have an Honours degree or a post- 
graduate qualification in ematical statistics 
Salary range per annum £1,677 to £2,223 mual 
appointment for one year from November 1, 1973 
or as soon as possible thereafter 

Applications, with curriculum vitae and names of 
two referees, should be sent to Professor V R Cane, 
Department of Mathemaucs, The University Man- 
chester M13 9PL, by October 15, 1973 (979) 





ustralia, South Australia House, 
W 


ge of the Herbarium and responsible 
e scientific and technical staff, for an 


gree in plant taxonomy and have had 


a detailed record of relevant experi- 
mes and addresses of three referees 


good health and will be required to 
to his appointment 





who ıs responsible to the Board of 





Preferably 


North Terrace, Adelaide 


details of academic 





WESTERN REGIONAL HOSPITAL 
BOARD 


DEPARTMENT OF CLINICAL PHYSICS 
AND BIO-ENGINEERING 


ELECTRONIC ENGINEER /PHYSICIST 
(SENIOR GRADE) 


Applications are invited from graduates with first 
Or second class honours in electrical engineering or 
Physics and at least four years of postgraduate 
experience in applied electromics for a post in the 
bio-engineering project division of this large depart- 
ment The post will be based in the central 
laboratories in Glasgow and offers opportunities for 
research and development project work in co- 
Operation with medical and scientific colleagues in 
many hospitals Duties will include the direction 
of goner graduates and highly qualified technical 
sta 

Subject to Pay Board approval, 
salaries will be about 6 per cent above 
scale which 1s £2,631 per annum by 6 
per annum 

Application forms and job descriptions may be 
obtained from the Regional Physicist, Western Re- 
gional Hospital Board, Department of Clinical 
Physics and Bio-Engineering, 11 West Graham Street, 
Glasgow G4 9LF The last date for applicauons 
Friday, October 26, 1973 (953) 


newly-agreed 
the present 
to £3,375 





KING'S COLLEGE HOSPITAL 


MEDICAL SCHOOL 
(UNIVERSITY OF LONDON) 
Denmark Hill, SES 8RX 


RESEARCH TECHNICIAN required to work on 
radioimmunoassay amd gas chromatography of steroids 
and prostaglandins Post renewable annually Salary 
according to age and experience Taning will be 
given in these methods if necessary 

Apply to the Sectetary of the Medical School (N), 
not later than October 8 1973 (799) 
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CANBERRA COLLEGE OF ADVANCED EDUCATION 
SCHOOL OF APPLIED SCIENCE 


TWO SENIOR LECTURERS/LECTURERS 


($A12,268/14,308 : $A8,698/11,982) 
($US18,217/21,247 : $US12,916/17,797) 


are required with interest in any of the following 


SYSTEMS ECOLOGY 
PARKS & RECREATION 
VERTEBRATE ETHOLOGY 
RESOURCE ECONOMICS 


Undergraduate Courses offered by Biological Sciences Group 

Teaching commenced in 1970, and a total of 150 undergraduate students are currently 
enrolled in the new three-year undurgraduate B App Sc programme which 1s unique in this 
country Units offered include Concepts m Biology, Plants and Animals, Human Ecology and 
Natural Systems in first year, Plant Biology, Animal Biology, Microbiology, Ecology and 
Resource Ecosystems ın second year, and Land Use, Ecological Conservation, Pollution Ecology, 
Park Management, Recreation Planning, Wildlife Biology and Management, and Fish Biology 
and Management in third year Students select from these units and their remaining selec- 
tions are from units offered by other disciplines both in this School and in the other Schools 
in the College which include Administrative Studies, Information Sciences, Environmental 
Design, Liberal Studies and Teacher Education Graduates are expected to find employment 
in the fields of resource planning and management, pollution management, recreation and 


Postgraduate Courses to be offered. 


recreation and parks from 1975 


The College 


3,000 students 
miles from Canberra 


at tertiary level is an advantage 
Conditions 


leave and sabbatical leave are provided 


Applications and Enquiries 


Utah 84322, US A 





park planning, and management and related fields 


It 1s proposed to offer postgraduate courses in natural resources 


The Canberra College of Advanced Education was established in 1969 and now has over 
It 1s located on a 290 acre campus in the new city of Belconnen some five 


Desirable Qualifications and Experience of New Staff Sought 

Further developments at undergraduate level are in systems ecology, vertebrate cthology, 
parks and recrcation and resource economics Applicants should hold a degree in the natural 
sciences and have interest in at least one of these fields 
essential, that applicants have some professional experience in at least one of the facets of 
biological resource management (eg, resource asscssment, fish and/or wildlife management, 
recreation and park planning and management, and land use planning) 


Applcauons, stating full personal particulars, 
the names of 3 referees should rcach the Registrar, Canberra College of Advanced Education, 
Box 381, Canberra City, ACT 2601, by October 31, 1973 
be received up to that date as long as full details follow shortly afterwards by airmail 


Further inquires to Mr J E Grav, Senior Lecturer, School of Applied Science, Canberra 
College of Advanced Education, Box 381 Canberra City ACT 2601, Austraha, or Dr P 
Rudman Visitmg Professor, c/o College of Natural Resources, Utah State University, Logan, 


systems ecology and 





Jt 1s desirable, but not necessarily 


Teaching experience 


A Senior Lecturer or Lecturer appomtment would involve approximately 12 hours of 
teaching contact per week for a 30-week teaching year, plus normal administrative and 
miscellaneous dutics appropriate to tertiary teaching appointments 


Superannuation annual 


details of qualficauons and experience and 


Cabled intentions to apply will 


(990) 





ROYAL VETERINARY COLLEGE 
University of London 


DEPARTMENT OF PATHOLOGY 


Applications are — invited for the post of 
VIROLOGIST to undertake research on infection of 
pigs by the cytomegalovirus of inclusion-body 
rhinitis Preference will be given to applicants with 
a higher degree and an interest in the immunology 
of persistent virus imfections Good facilities are 
available, including a supply of germ-free piglets 

The appointment is financed by a grant from the 
Agricultural Research Council and salary will be in 
the Lecturer scale initial maximum £3,036 per annum 
including London Allowance Superannuation under 
FSSU 

Application forms and further details available 
from the Secretary (N), The Royal Veterinary Col- 
lege, Royal College Street London NW1 pA 








UNIVERSITY OF 
NEWCASTLE UPON TYNE 
CHAIR OF ENERGY STUDIES 


Applications are invited for the Chair of Energy 
Studies, the establishment of which has been made 
possible by contributions from a numb.r of bene- 
factors to the University through the University 
Development Trust The University intends to 
dcvelop Energy Studies as a general academic disci- 
pline covering both the enginecring and economic 
aspects of energy resources and uulization The 
Chair will provide a centre for existing activities in 
the University and associations between the Univer- 
sity and cnergy-based industries 

Further paruculars, including details of salary and 
superannuation may be obtained from the Registrar 
of the Universiy, 6 Kensington Terrace Newcastle 
upon Tyn NEL 7RU, with whom applications (15 
copies) giving the names of not more than three 
referees, must be lodged not later than November 
30, 1973 (Applicants from outside the British Isles 
may submit one copy only) (1043) 





UNIVERSITY OF ADELAIDE 


Applications are invited for the following appoint- 
ment 


LECTURER IN BOTANY from beginning of 1974, 
10 teach at both undergraduate and postgraduate 
levels ın ecology Higher degree required Field 
should be relevant to current environmental problems 
and might include plant ecology, general ecology 
(provided interests embrace plants) or related topics 
such as phytoplankton and marme productivity or 
physiology of plants under stress (15 12 73 ) 

Salary scale Lecturer $A8 698 by 470 (1) by 469 
o to $411 982 with superannuation on the FSSU 
ass 


Further paruculars about this post and the condi- 
tons of appointment and other information will be 
supplied on request to the Registrar of the Un- 
versity, or to the Secretary-General Association of 
Commonwealth Unuversities (Appts), 36 Gordon 
Square London WCIH OPF 


Applications should be sent in duplicate and giving 
the information listed in the Statement that will be 
supplied to the Registrar, the University of Adelaide, 
North Terrace, Adelaide, South Australia, 5001 

(1001) 





BIRKBECK. COLLEGE 
(UNIVERSITY OF LONDON) 


DEPARTMENT OF CRYSTALLOGRAPHY 


Applications are invited for the post of RESEARCH 
ASSISTANT to participate in work on Crystallo- 
graphic Studies df Proteins A good degree, prefer- 
ably in Physics of Chemistry or related subjects 
desirable The work involves low and high resolu- 
uon studies of crys@illine proteins and may require 
the development of techniques applicable to sub- 
stances with molecular weight greater than 80,000 
Salary range £1,497 to £2,223 entry point dependent 
upon qualifications and experience 

Application forms from the Deputy Secretary (N), 
Birkbeck College, Malet Street, London WC1 7HX 

(977) 
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AGRICULTURAL RESEARCH COUNCIL 
POULTRY RESEARCH CENTRE 


Applications are invited for a post in the 
Reproductive Physiology Section within the 
Scientific or Higher Scientific Officer grades at 
the Poultry Research Centre with a team 
working initially on aspects of the biology of 
avian spermatozoa, semen storage, survival of 
spermatozoa in the female and fertilisation 

Qualifications A pass degree, HNC or 


equivalent, in the general field of physiology, 
cell science and biochemistry (with apprecia- 
tion of biology) 


Salary Within the scales £1,318 to £2,177 
(Scientific Officer) or £2,076 to £2,667 (Higher 
Scientific Officer) per annum, with placement 
according to qualifications and experience A 
miumum of five years post-qualifying experi- 
ence 1s required for appointment to the HSO 
grade The post is superannuable with an 
allowance to offset contributions 

Application forms, which may be received 
from the Secretary, Poultry Rescarch Centre, 
King’s Buildings, West Mains Road, Edinburgh 
EH9 3JS, should be completed and returned 
to him not later than October 19, 1973 


(987) 





UNIVERSITY OF BRISTOL 


DEPARTMENT OF PHYSICAL CHEMISTRY 


Science Research Council CASE Awards are 
available for investigations 

(1) of moisture movement in porous media, 
with particular reference to the slip-casting 


process ın co-operation with English China 
Clays, St Austell, Cornwall Supervisor Dr 
J M Haynes 


(2 on the properties of clay—chalk disper- 
sions, including heterocoagulation and rheo- 
logical properues in co-optration with Asso- 
ciated Portland Cement Manufacturers, Green- 
hithe Kent Supervisor Professor R H 
Ottewill 

Candidates with first or second class degrees 
are invited to write to the 


Secretary, 

Department of Physical Chemustry, 
University of Bristol, 

Cantock's Close, 

Bristol BS8 1TS (986) 





ARC PLANT GROWTH SUBSTANCE AND 
SYSTEMI€ FUNGICIDE UNIT 
WYE COLLEGE (UNIVERSITY OF LONDON) 


An officer is required to assist in studies on com- 
pounds which are physiologically active in plants 
The work involves the synthesis of compounds and 
studies on their metabolism in plants 


Applicants should have a pass degree, HNC or 
equivalent quahfication m chemistry and a particu- 
Jar interest ın organic chemistry 


The appomtment, which will be of three years’ dura- 
tion, will be in the Scienufic Officer (£1,318-£2 177 
per annum) or Higher Scientific Officer (£2 076- 
£2,667 per annum) grade according to qualifications 
and experience A minimum of five years’ post- 
qualifying experience 1s normally required for ap- 
poimntment in the higher grade 


Further details from the Director, Systemic Fungi- 
cides Umit, Wye College, Ashford, Kent TN25 5AH 
to whom applications naming two referees, should 
reach by October 19, 1973 


Applicants from the Agricultural Research Scrvice 
should submit their applications through thuir pre- 
sent Directors if they wish to be considered for the 
award of “public interest” transfer terms (1013) 


THE NATURAL RUBBER PRODUCERS’ 
ASSOCIATION ‘requires an___ experienced 
FLECTRON MICROSCOPE TFCHNICIAN to 
ake charge of the operation and maintenance 
of its Siemens Elmiskop Mk 1 and ancillary 
equipment The position is suitable for candı- 
dates aged between 25 and 35 with experience 
n biological and physical work and with a 
sound knowledge of replica embedding and 
sectioning techniques The starung salary may 
be between £1,200 and £2,400 per annum, 


depending on age, experience and qualifica- 


tions There is a pension scheme 

The Association will be moving in mid-1974 
to an attractive new location on a 30-acre site 
near Hertford Transport from Welwyn Gar- 
den City and locality w,ll be provided 

Please write, giving details of qualifications 
and experience to The Director, The Natural 
Rubber Producers’ Research Association, 56 
Tewin Road, Welwyn Garden City, xlerts 

(1039) 
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Public Service Fonction publique 


Canada 


9 


Canada 





THIS COMPETITION IS OPEN TO BOTH MEN AND WOMEN 


VIROLOGIST 


Bureau of Viral Diseases 
Laboratory Centre for Disease Control 


Health and Welfare Canada, OTTAWA, ONTARIO 


Salary $21,471 


Under the general direction of the Head of the Vaccine Control Section, of the Bureau of Viral Diseases, plans and directs a program 
of research and the execution of testing procedures related to the control of viral products such as viral vaccines and immune 


globulins, critically evaluates and makes recommendations on the data of 
various manufacturers for license application 


bilities of the Head to ensure the continuous operation of the Section 


Graduation from a university of recognized standing with a Doctor of Veterinar 
virology or a Ph D in animal or medical virolo 


conduct independent research and with senior authorship of several scientific papers 


Knowledge of the English language is essential 


—————— aaa— 


New Drug Submissions on Viral Vaccines submitted by 
In the absence of the Head of the Vaccine Control Section, assumes the responsi- 


y Medicine with specialization in animal or medical 
gy Several years of postdoctoral experience is required including the capability to 


To ensure consideration, application for employment forms (PSC 367-401), available at Post Offices, Canada Manpower Centres 


and Public Service Commission of Canada offices, including resumes, 


Sciences and Technology Program 
Public Service Commission of Canada 
Ottawa, Ontario KIA 0M7 


Please quote competition number 73-155-114 in all correspondence 


should be forwarded before November 15, 1973 to the 


Appointment as a result of this competition is subject to the provisions of the Public Service Employment Act 


CANADA 


UNIVERSITY OF TORONTO 
ERINDALE COLLEGE 


RESEARCH LABORATORY 
TECHNICIAN 
IN PHYSICAL-ORGANIC 
CHEMISTRY 


Applications are invited for a Research Assistant- 
ship in Physical-Inorganic Chemistry to work in 
collaboration with Drs E A Robinson and G A 
Ozin 

The appointee should have prior research experi- 
ence in chemustry and in particular should be 
familiar with basic Spectroscopic, electronic and 
machine shop techniques 

The appointment will be tenable for two years in 
the first instance commencing as soon as possible 

Salary will be dependent upon experience 

Applications, together with a full curriculum vitae 
the names of two referees, should in the first in- 
Btance be sent to 


Dr G A Ozmn, 

Enndale College, 

University of Toronto, 

3359 Mississauga Road North, 
Mississauga, Ontario, 

Canada (1040) 


eee 
SOUTHERN UNIVERSITIES 
NUCLEAR INSTITUTE 


(under the auspices of the Universities of 
Cape Town and Stellenbosch) 


RESEARCH FELLOW 


A vacancy exists for a Research Fellow on a three- 
year contract basis As a member of the Nuclear 
Chemistry Division the incumbent will be required to 
maimtam and further develop the existing programme 
for the application of nuclear techniques in the field 
of medicine The commencing salary, depending on 
age and quahfications, will be on one of the follow- 


ing Scales 
Research Officer R4,800 x 300—R6,900 
Senior Research Officer R6,300 x 300—R8, 100 


plus an additional 15% allowance 
Applications, stating qualifications, experience, pre- 
sent position and salary, state of health and names 
of referees, should reach the Chief Scientist 
Southern Universities Nuclear Institute, PO Box 17, 
Faure, CP South Africa, before October 31, (925) 
(9. 


ASSISTANT SCIENTIFIC OFFICER 


The Centre for Overseas Pest Research re- 
quires an Assistant Scientific. Officer to work 
with the termite research group Applicants, 
who must be at least 16 and under 26 years 
of age on December 31, 1973, should have 
4 “O” levels including English language, a 
scientific or mathematical subject, and not 
more than one subject of a mainly artistic, 
commercial or domestic nature, or equivalent 
educational qualifications 
Fs The duties of the successful applicant would 
e 

1 Responsibility for routine. maintenance of 
termite cultures 

2 Assistance with testing materials 
resistance tO termite attack 

3 Occasional participation 


for 


ın field work 
areas, eg, the collecting of live materal for 
testing 

4 Some simple clerical duties 

Salary 1s age-pointed from the minimum of 


£766 per annum at age 16 to £1,460 per 
annum at age 25 or over, rising by annual 
increments to maximum of £1,675 per annum 
Application forms and further details ob- 
tamable from Administrative Secretary, Ref 
3/4/36BD, Centre for Overseas Pest Research 
(Foreign and Commonwealth Office—Overseas 
Development Administration) College House, 
Wrights Lane, Kensington, W8 5SJ 
The final date for the receipt of completed 
apphcation forms 1s November 2, 1973 
(1019) 





The Hatfield Polytechnic 


RESEARCH ASSISTANT IN 
ECOSYSTEM STUDIES 


A vacancy exists in the Department of Biological 
Sciences for a graduate m a Biological or Agricul- 
tural subject to undertake research into the physio- 
logy/ecology of selected grassland plant Species This 
would complement field observations on the phenology 
of grasslands with particular. r&erence to their 
management e 

The successful applicant would be expected to 
register for a higher degree undESihe auspices of the 
CNAA 

Further particulars and applications forms are avail- 
able from Dr D E B Higgs, The Hatfield Poly- 
technic, Bayfordbury Annexe, Lower Hatfield Road 
Hertford, SG13 8LD Telephone Hertford 3067 
Please quote ref 375/N (1004) 


(948) 


UNIVERSITY OF IBADAN 
NIGERIA 


Applications are invited. for posts of SENIOR 
LECTURER/LECTURER IN DEPARTMENT OF 
PHYSICS Applicants must have research interest 
and experience in one or more òf the following 
Atmospheric Electricity, Geomagnetism, Instrumen- 
tation, Ionospheric Physics, Meteorology, Physics of 
the Solid Earth, Solid State Physics Applicants for 
posts of Sentor Lecturer must have a doctorate with 
Several years of experience in research and teaching 
at university level Salary scales Senior. Lecturer, 
N5,030 to N5,750 per annum, Lecturer, N2,760 to 
N4,830 per annum (£1 sterhng- NI 59) The British 
Government may supplement salaries in range £750 
to £1,150 per annum (sterling) for married appoin- 
tees or £250 to £650 per annum (sterling) for single 
appointees (normally free of all tax) and provide 
children’s education allowances and holiday visit 
passages Family passages, various aliowances, 
superannuation scheme, biennial overseas leave 

Detailed applications (2 copies), including a 
curriculum vitae and naming 3 referees, should be 
sent by air mail not later than November 6 1973 


to the Registrar, University of Ibadan, Ibadan, 
Nigeria Applicants resident in UK should also 
send 1 copy to Inter-University Council, 90/91 


Tottenham Court Road, London W1P ODT Fur- 
ther particulars may be obtained from either RUA 


SURREY EDUCATION COMMITTEE 


EWELL COUNTY TECHNICAL 


COLLEGE 
REIGATE ROAD, EWELL 


Applications are invited for the following post to 
commence as soon as possible 


DEPARTMENT OF BIOLOGICAL SCIENCES 


LECTURER I or II in BIOLOGY to teach 
HNC, HND, and MI Biol levels Candidates 
Should have a first degree in physiology, preferably 
together with experrence or further qualifications in 
parasitology or other aspects of applied zoology 

Applicants with industrial research and/or teach- 
ing experience will be given priority 

Salary Lecturer 1, £1,660 to £2,685 per annum 
(£2 687 per annum for good Honours Graduate) 
Lecture? II, £2,515 by £91 to £3 243 per annum £118 
pner annum London Allowance payable 

Generous rélocation expenses and assistance with 
house purchase in aSproved cases 

Stamped addressed foolscap enveloge for further 
particulars and application form from the Vice- 
Principal Applications to be returned within ten 
days (1036) 
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AUSTRALIA 
NEW SOUTH WALES 


Hawkesbury Agricultural College 


A COLLEGE OF ADVANCED EDUCATION 
RICHMOND 


Hawkesbury Agricultural College has been developed and 1s continuing to develop as a College 
of Advanced Education to provide tertiary instruction in agriculture, in the related technologies 
(food, dairy, poultry), in education and other areas It also has the only post-graduate School of 
Rural Extension outside universities in Australia The College is situated on an extensive estate 
on the edge of the north-western metropolitan region of the city of Sydney 


The positions provide challenging opportunities to participate in an unusual and most interesting 
educational operation 


Senior Lecturer, Plant Sciences 


(Head of Department) 


The Head 1s responsible for organising the academic department and for the utilisation of an 
extensive farming estate (3500 acres) as an educational unit for the instruction of students in 
plant sciences and husbandry The Department provides tertiary-level courses in environmental 
and soil science. agronomy, plant physiology, plant nutrition, plant protection and horticulture 
On the estate there are opportunities for instruction, project work and experimentation on broad 
acres and small plots Irrigation is available from the Hawkesbury River for one section, and from 
conserved water on others 


A major building programme to provide new laboratories, tutorial areas, office space and a field 
services unit is in advanced planning stages The appointee will have a deep involvement in 
these projects 


Salary $A12,268— $A14,308 per annum 


Qualifications Essential—Appropriate degree and extensive experience in plant sciences In 
Industry, research or higher education 


Desirable—Higher degree and experience in administration and control of staff 


Duties Organise and administer the Plant Sciences Department and participate in the instruc- 
tional programme 


Lecturer or Assistant Lecturer 


Food Engineering 


A large new food processing plant will be commissioned within a few months at Hawkesbury 
Agricultural College Facilities will be available for the instruction of students in a very wide 
range of food processing methods on pilot plant scale These new facilities will complement a 
well-established full-scale dairy factory, a dairy products research laboratory and a recently- 
occupied new tutorial building 


A lecturer trained in food engineering or similar process engineering is sought to participate in the 
instruction of students doing three year full-time courses at tertiary-level in food technology 
and dairy technology He would have a major part to play in the applied engineering aspects 
of the programmes and would have some opportunity for participation in research programmes 
of an applied nature in the processing of food and dairy products 


Salary Assistant Lecturer $A7,270— $A8,698 per annum Lecturer $A8,698— $A11,982 per 
annum 


Salary on appointment will be determined according to qualifications and experience 


Qualifications. Essential —Degree or diploma in chemical engineering, mechanical engineering 
or other suitable equivalent qualification Experience in food processing engineering, dairy 
factory engineering and/or tertiary-level teaching in these areas Considerable relevant experi- 
ence will be necessary for appointment at lecturer [evel 


Desirable—Higher degree or post-graduate training of an appropriate nature 


Duties Prepare and conduct courses in food engineering for existing courses and participate 
in the development of new courses and subject syllabuses to be conducted by the Department 
of Engineering 


Subject to certain conditions, the successful applicants will be eligible for -e- 


*Payment of fares to Sydney 
*Financial assistance towards removal and establishment expenses 
*Financial assistance towards initial accommodation expenses 


For further information and application form write to the Recruitmente&ection, New South Wales 
Government Offices, 66 Strand, London, WC2N BLZ, where applications close on MONDAY 
29th OCTOBER, 1973 When writing please quote reference 44/541 /N5/10 


e D 
(983) 
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UNIVERSITY HOSPITAL OF 


SOUTH MANCHESTER 
WITHINGTON HOSPITAL 
MANCHESTER M20 8LR 


JUNIOR MEDICAL 
LABORATORY TECHNICIAN 


(graduate with Class I or Jl honours degree) 
required for participation in research pro- 
gramme on blood coagulation and thrombosis 
Training ın practical blood coagulation tech- 
niques will be provided The post is for two 
years 1n the first instance 


Commencing salary (at present under re- 
view) £1,164 to £1,290 per annum rising to 
£1,335 after 12 months 


Applications with curriculum vitae and 
names and adresses of two referees to the 
Hospital. Secretary (1015) 





AUSTRALIAN NATIONAL UNIVERSITY 


JOHN CURTIN SOHOOL OF 
MEDICAL RESEARCH 


RESEARCH FELLOW DEPARTMENT 
OF PHYSICAL BIOCHEMISTRY 


Applications arc invited for appointment to the 
pos of Research Fellow in the Department of 
Physical Biochemistry (Head Professor L 
Nichol) Applicants should be interested in joining 
a group led by Dr H A McKonzce and cngaged 
in studies on the mechanism of denatuiation of pro- 
tems and of their chemical evoluuon ‘The work 
will involve the use of kinetic methods, difference 
spectroscopy, optical rotatory dispersion, ultracentri- 
fugation, gel electrophorcsis, and protein fractiona- 
tion, and preference will be given to applicants with 
experience in one or more of these fields Research 
Fellows should have at least a PhD degree or 
equivalent experience 

Salary Salary on appointment will be in accord- 
ance with qualificauons and experience within the 
range $48,698 to $11,901 per annum (2x£641 2x 
£640, 1x £641) 

Other Conditions Appointment as Research Fel- 
low 1s normally for threc years im the fist instance 
with the possibility of extension to a maximum of 
five years 

Reasonable travel cxpenses are paid and assistance 
with housing 1s provided for an appointce from out- 
side Canberra Superannuation is on the FSSU 
pattern. with supplementary benefits 

The University reserves the mght not to make an 
appointment or to make an appointment by invita- 
uor at any ume 

Further information may be obtained from the 
Association of Commonwealth Universities (Appts ), 
36 Gordon Square, London WC1H OPF 

Applications close on 24 October, 1973 (973) 





AHMADU BELLO UNIVERSITY 
NIGERIA 


Applications are invited for post of (a) CHIEF 
TECHNICIAN or (b SUPERINTENDING TECH- 
NICIAN IN THE DEPARTMENT OF PHYSICS 
Candidates must possess full technician’s qualifica- 
tions and must have had at least ten or more years' 
experience in a Physics Laboratory, some of it pre- 
referably on a university Appointee will be the 
most semor member of the technical staff, and apart 
Írom general supervision will be responsible for 
handling much of the technical and financial aspects 
of ordering and supply of equipment and materials 
Salary scales (a) N3,810 to N4,830 per annum 
(b) N3,360 to N3,960 per annum (£l sterling— 
N160) The British Expatriates Supplementation 
Scheme is unlikely to be applied to this appoint- 
mert Family passages, various allowances, super- 
annuation scheme, biennial overseas leave 

Detailed applications (2 copies), including a cur- 
riculum vitae and naming 3 referees, should be for- 
warded by air mail not later than October 29, 1973, 
to the Registrar, Ahmadu Bello University, Zaria, 
Nigeria Applicants resident in UK should also 
send 1 copy to Inter-University Council, 90/91 
Tot enham Court Road, London WIP ODT Further 
particulars may be obtained from either address 

(974) 


CHARING CROSS HOSPITAL MEDICAL 
SCHOOL 

RESEARCH ASSISTANT required for up 
to 3 years in the Endocrine Section of the 
Department of Chemical Pathology to work 
with the new cytochemical bioassay of 
ACTH in investigations of the control mechan- 
isms of the pituitary adrenal axis Salary and 


conditions in accordance with Whitley Council 
regulations 
Applications, naming two referees to Dr 
I R Daly, Department of Chemical Patho- 
logy, Charmg Cross Hospital Medical School, 
Fulham Palace Road, London W6 8RF 
(1018) 
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T G SCOTT & SON LTD, 1 CLEMENT'S INN, LONDON WC2A 2ED 


Please include the following advertisement in normal/display style setting (-.. *inches) for 


insertions under the heading. 


* |f display style is wanted, please state required depth of advertisement 


1 in,2 in, 3 in, etc 


Write or stick your advertisement in this box 


PLEASE STATE CLEARLY WHETHER NAME AND ADDRESS OR A BOX NO. ARE TO APPEAR. 


2 Édlines/Inches at . 
NAME . 
ADDRESS 


THE ROBERT JONES AND 
AGNES HUNT ORTHOPAEDIC 


HOSPITAL 
OSWESTRY, SHROPSHIRE SY10 7AG 
CHARLES SALT RESEARCH CENTRE 


PRINCIPAL RESEARCH BIOLOGIST 


Applications are invited for the above postdoctoral 
post, which offers research facilities and supportive 
staff, into problems of the musculo-skeletal system 
at this Orthopaedic Hospital 

Under the direction of the Director of Research, 
1t 1s intended to orientate the activities of the depart- 
ment towards the fundamental problems underlying 
the biology of the musculo-skeletal tissue and at 
the same time relating this to clinical problems of 
the hospital's patent population The applicant 
would have a large measure of independence to 
develop his or her research activities in thus field 
and would be able to collaborate with certain mem- 
bers of the clinical staff as required Applicants 
would not be restricted in their activiues and would 
be encouraged to utilise their own specific skills with 
adequate technical help 

‘Applicants may visit the hospital and fuller details 
may be obtamed from Mr N W Nisbet, FRCS, 
Director of Research, and applications should be 
sent to Mr D I Cruttenden, Group Secretary, The 
Robert Jones and Agnes Hunt Orthopaedic Hospital, 
Oswestry Shropshire SY10 7AG (1053) 





UNIVERSITY OF READING 


RESEARCH FELLOW required for 3 years by 
Department of Agriculture and Horticulture to Jon 
a team of veterinary epidemiology and economics 
research workers developing new techniques for study- 
ing the behaviour of animal diseases and their eco- 
nomic implications The appointment 1s sponsored 
by ARC and is suitable for a recent postgraduate 
in mathematics, control engineering, or the biologi- 
cal systems field who has had some experience in 
systems modelling Salary in scale £2 238, £2,397, 
£2,556 per annum (under review) 

Apply, quoting Ref MN69, with curriculum vitae 
and the names of 3 referees, to Assistant Bursar 
(Personnel), University of Reading, Whiteknights, 
Reading RG6 2AH (1044) 





THE UNIVERSITY OF ASTON 
IN BIRMINGHAM 


Department of Mathematics 
LECTURER 


A vacancy exists for a well qualified statis- 
tician in the Department of Mathematics The 
Department is directly responsible for a first 
degree in Statistics, an MSc course in Indus- 
trial Mathematics and Statistics and for re- 
search In addition it offers a service to zne 

e 


University ın the teaching of Statistics 
duties of the person appommted will be in this 


service area Preference will be given to appli- 
cants whose research interests are in the appli- 
cation of statistics to science and technology 


Commencing salary within the range £1,929 
to £2,388 per annum on scale rising to £4,548 
per annum 


Requests for further details and application 
forms (which should be returned within 14 
days of the appearance of this advertisement) 
should be sent on a postcard please quoting 
Ref No 942/6, to Staff Officer, The Univer- 
sity of Aston in Birmingham, Gosta Green, 
Birmingham B4 7ET (958) 





LA TROBE UNIVERSITY 
MELBOURNE, AUSTRALIA 


LECTURER IN GEOLOGY 


Applications are invited for athe above-mentioned 
position Special consideration will be given to those 
applicants with experience modern analytic 
methods, particularly x-ray specifoscopic analysis 

Salary range $A8,698 (1) by $A470 (6) by $A469 
to. $A11 982 

Further information and application forms are 
available from the Registrar, La Trobe University, 
Bundoora Victoria, Australia 3083 with whom appli- 
cations close on December 1, 1973 (997) 


rate (plus Box No. at 121p if required) making total cost of £ 


AREA LABORATORY 
KING EDWARD VII HOSPITAL 
WINDSOR 
Applications are invited for the following posts 
(2 DEPARTMENT OF MICROBIOLOGY 


l Senior Technician 
2. Technician 


3. Jumor Technician—for this and the two 
undermentioned departments 

(b) DEPARTMENT OF HAEMATOLOGY 
Technician 

(c) DEPARTMENT OF CHEMICAL 
PATHOLOGY 
Technician 
Good facilities for those wishing to take special 
Finals 


The Laboratory provides a comprehensive service 
for approximately 1,000 beds in the Windsor, Ascot 
and Maidenhead areas, and for Outpatient Clinics 
and General Practitioners in the area Expansion of 
the Hospital Services is anticipated in the near 
future The Hospital is situated close to public 
termini, within easy access of London by road and 
has its own swimming pool Applications to the 


Senior Pathologist, Area Laboratory Tel Windsor 
61424 (Enquiries to Senior Chief rei 2 
102 





UNIVERSITY OF YORK 
DEPARTMENT OF BIOLOGY 


Applications are invited for a TECHNICIAN to 
assist m research into the role of chloroplasts in un- 
saturated fatty acids in plant cell development This 
appointment will be for 3 years in the first instance 

Candidates should have an interest in biochemistry 
and should preferably possess one of the following 
qualifications Degree in Biology, HN C , Advanced 
City afd Guilds Certificate 

Salary m Grade 2B (£1,416 by £51 to £1671 per 
annum) 

Applications, to "include names of two referees 
should be sent to the Departmental Superintendent 
Department of Biology, "rhe Umiveftity of York, 
Heslington, York YOL 5DD, not later than October 
15 (1042) 
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CSIRO 
AUSTRALIA 


The Commonwealth Scientific and Industrial Research Organization has a broad 
charter for research into primary and secondary industry areas The Organization 
has approximately 6,500 employees—2,100 of whom are research and professional 
scientists—located in Divisions and Sections throughout Australia 


RESEARCH SCIENTIST 
DIVISION OF PLANT INDUSTRY 


FIELD: WEEDS ECOLOGY 


GENERAL The Division of Plant Industry, which has its headquarters in Can- 
berra, carries out research in a wide range of plant sciences on problems funda- 
mental to agricultural production The Ecology Section of the Division has 


research interests in management of natural plant communities and the ecological 
consequences of changes in land use The appointee will be based in Canberra 


DUTIES As part of a joint programme by the Divisions of Plant Industry and 
Entomology on the biological control of weeds of South African origin, the 
appointee will be expected to initiate research on the ecology of Emex australis 
and several species Comparative studies of weed populations throughout southern 
Australia and in South Africa will be required as a first step, involving co-operation 
with officers of the CSIRO Division of Entomology and with State Weeds officers 


QUALIFICATIONS: A Ph D degree in an appropriate field, or equivalent 
qualifications, and demonstrable research ability 


SALARY. The appointment will be made within the salary ranges of Research 
Scientist or Senior Research Scientist $A8,489-$A12,932 pa 


An outstanding applicant may be offered appointment at a higher level 


TENURE: The appointment will be for an initral term of three years with a 
possible limited extension beyond this term 


Applications stating full personal and professional details, the names of at least 
two professional referees, and quoting Reference Number 130/1247 should reach 


The Personnel Officer, 
Australian Scientific Liaison Office, 
64-78 Kingsway, London WC2B 6BD 


by the 2nd November, 1973 


Applications in US A and Canada should be sent to 


The Counsellor (Scientific), 
Embassy of Australia, 1601 Massachusetts Avenue, N.W , 
Washington, D C. 20036, U.S A. 


(1027) 





Y 


GRADUATE IN BIOCHEMISTRY 


required by 


AN FORAS TALUNTAIS 
(The Agricultural Institute) 
in its Meat Research Department, Dunsinea, Castleknock, Co. Dublin 


The appointee will be engaged on research into the influence of methods of 
slaughter and breed type or muscle glycolysis 1n meat animals ‘Appointment up to 
and including Senior Research Officer level, depending on qualifications and experi- 
ence Salary scale £3,492 by £194 to £465 by £86 to £4,742 Marriage and children's 
allowances Non-contributory pension scheme and proysion for widows’ and 
orphans’ pensions Special pension arrangements can be made for an FSSU 
member or a member of a suitably 1nsured pension scheme 

ESSENTIAL Honours university degree or equivalent in UiBchemistry 
DESIRABLE Postgraduate experience 1n muscle biochemistry 


Application forms and further particulars from the Personnel Department, An 
Foras sTaluntais Headquarters, 19 Sandymount Avenue, Dublin 4 (Tel 693222 ) 
Latest date for receipt of completed application forms 1s Friday, October 19, 1973 


(1002) 
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RESEARCH ASSOCIATE AND 
POST-DOCTORAL FELLOWSHIP 
POSITIONS IN INTERMEDIATE 

ENERGY PHYSICS 


A Research Associate position with a three- 
year term will be available starting July 1, 
1974, ın experimental nuclear/particle physics 
using the Triumf 500 MeV cyclotron Interest 


and experience in fast electronics and counter 


technology  :s essential Minimum 


$10,000 

Postdoctoral Fellowships in both experimen- 
tal and theoretical intermediate energy physics 
wil also be available 


Send vita, list of publications, and names 
of references to Dr Garth Jones, Depart- 
ment of Physics, University of British Colum- 
bia, Vancouver, BC, Canada (968) 


salary 


NATURAL ENVIRONMENT 
RESEARCH COUNCIL 


INSTITUTE OF TREE BIOLOGY 


E The Institute requires a PLANT PHYSIOLOGIST 


to work for three years in the first instance in root 
and bud initiation, in relation to the improvement of 
important tropical timber trees by vegetative multi- 
plication—a project being sponsored by the Overseas 
Devclopment Administration 

Applicants should have at least two ycars post- 
graduate cxpericnce, preferably in some aspects of 
whole-plant or hormone physiology Famuiliarity 
with woody plants and glasshouse techniques would 
be an advantage 

The successful candidate would be based in Edin- 
burgh, with the possibility of short visits to the 
tropics 

The appointment would be graded Senior Scen- 
tific Officer (£2,615 to £3,640) or Higher Scinufic 
Officer (£2,076 to £2,667) according to qualifications 
and experience 

Starung date January 1974, or as soon as possible 
thereafter 

Application forms and further paruculars from the 
Director, Institute of Tree Biology, Department of 
Forestry and Natural Resources, Edinburgh Univer- 
sity, Kings Buildings Mayfield Road, Edinburgh EH9 
3JU 

Closing date November 8, 1973 (970) 





UNIVERSITY COLLEGE OF WALES 
ABERYSTWYTH 


Applications are invited for the following post 
DEPARTMENT OF AGRICULTURE 


ARC RESEARCH, ASSISTANT to work on cer- 
tain aspects of winter cauliflower production 

Applicants should have a good Honours degree in 
Horticulture, Agriculture or Agricultural Botany and 
the successful candidate will be required to assist 
with research on winter cauliflowers at the Depart- 
ment's Field Station at Trefloyne, Tenby Registration 
for a higher degree 1s possible and the salary paid 
wil be dependent upon this The post is available 
from July 1 1974 and applications from students 
graduating in 1974 will be considered 

Further particulars and application forms may be 
obtained from the Registrar, with whom applications 
should be lodged by October 31, 1973 


Applications are invited for the following posts, 
sponsored by the POTATO MARKETING BOARD 


RESEARCH OFFICER 
Salary scale £1,647 to £2,214 


JUNIOR RESEARCH OFFICER 
Salary scale £1,245 to £1 578 


The posts are for up to five years in the first 
instance and are concerned with research into early 
potato production at the Department’s Field Station 
at Trefloyne, Tenby 


Applicants should have a good Honours degree 
in Agriculture or Agricultural Botany Postgraduate 
research experience would be an advantage for the 
Research Officer post Applications for the Junior 
post would be considered from recent graduates or 
those expecting to graduate in 1974 The posts are 
immediately tenable 


‘Further particulars and application forms may be 
obtained from the Registrar, with whom applications 
should be lodged by October 31 1973 

(1016) 





NATIONAL VEGETABLE RESEARCH 
STATION 


PLANT PHYSIOLOGIST 


There is a vacancy for a PLANT PHYSIOLOGIST 
in grade of Scienufic Officer to Join a group work- 
ing on factors responsible for varietal differences in 
crop productivity 

Qualifications degree, HND, HNC or cquiva- 
lent in an appropriate biological science Starting 
salary in scale £1,318 to £2,177 per annum accord- 
ing to qualifications and experience — Superannua- 
tion with allowance to offset contributions 

Full particulars and application form (to be re- 
turned by November 2, 1973) from the Secretary, 
NVRS, Wellesbourne, Warwick (980) 


= 
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UNIVERSITY OF EDINBURGH 
DEPARTMENT OF BOTANY 


Applications are invited for an SRC sponsored 
POSTDOCTORAL RESEARCH FELLOW- 
SHIP, available immediately, to collaborate on 
a stüdy of the synthesis and function of poly- 
disperse RNA in higher plants Experience 
with RNA polymerase, hybridization and 


general nucleic acid technology is desirable 
The starting salary will be within the range 
£1,764 to £2,079, and may be renewed for a 
second year 

Applications with curriculum vitae and the 
names of two referees should be sent, as soon 
as possible, to Dr J Ingle, Department of 
Botany The King's Buildings University of 
Edinburgh, Mayfield Road, Edinburgh EH9 
3JH Please quote reference 5064 (1003) 


UNIVERSITY OF THE WEST INDIES 
TRINIDAD 


Applicauons are invited for (a) LECTURESHIP 
or (b ASSISTANT LECTURESHIP IN DEPART- 
MENT OF AGRICULTURAL EXTENSION A 
Postgraduate degree in extension education, sociology 
or rural sociology 1s desirable Teaching and re- 
search experience in the area of agricultural exten- 
sion would be an advantage, but is not essential 
for appointment to the post Duties include teach- 
ing at graduate and undergraduate level, research and 
Participation in the organization and running of in- 
Service training programmes for agricultural extension 
workers in the region Tenable as soon as possible 
Salary scales (a) £1,850 to £3,265 per annum, (b) 
£1,500 to £1,660 per annum Child allowance 
FS Family passages, triennial study leave 

Detailed applications (6 copies), including a 
curriculum. vitae and naming 3 referees, should be 
sent by airmail, as soon as possible, to the Secretary, 
University of the West Indies, St Augustine, 
Trinidad = Further particulars will be sent to all 
applicants (1025) 





UNIVERSITY OF PAPUA 
AND NEW GUINEA 


Applications are invited for the post of CHIEF 
TECHNICIAN IN THE FACULTY OF AGRI- 
CULTURE Applicants should have a degree in 
Agriculture or equivalent qualification with appro- 
priate research experience Appointee’s responsibili- 
ties wil include supervision and assistance in re- 
search work, both in the field and in the laboratories 
and the preparation of materials for examinations 
and practicals Available from May 1974 Salary 
scale A$7,581 to A$8,721 per annum plus A$360 
dependants’ allowance Housing allowance of 
AS500 if married or A$200 if single (£1 sterling= 
A$162) Annual leave fares, FSSU 

Applications (2 copies) should include particulars 
of age, nationality, marital status, qualifications and 
experience, names and addresses of 3 referees, a 
recent small photograph and an indication of 
estimated starting date Information about the post 
IS available from Professor D A C Eny, Head of 
Department of Agriculture Further details and 
condiuons of appointment are available from K R 
Long Secretary PO Box 4820, University, Papua 
New Guinea Closing date November 16, E j 

1022 





WESTFIELD COLLEGE 
(UNIVERSITY OF LONDON) 


CHEMISTRY DEPARTMENT 


Applications are invited from persons with suitable 
qualificanons im chemistry for the following posts 

1 POSTDOCTORAL RESEARCH ASSISTANT, 
interested in physical-organic chemistry, for a project 
Sponsored by the SRC on the Correlation of 
Organic Chemical Reactivity with chiroptical and 
spectroscopic properties 

2 EXPERIMENTAL OFFICERS to undertake gas 
chromatography and/or steroid synthesis for the 
MRC Steroid Reference Collection 

Salaries Postdoctoral, £1,929 or £2,058 Per annum, 
plus London Allowance and FSSU , Experimental 
Officer on scales rising from £1,115 (junior) or £1,565 
per annum (graduate) 

‘Requests for further information, or applications, 
including names of two referees, should be addressed 
to Dr D N Kirk, Chemistry, Westfield College, 
Kidderpore Avenue, Hampstead, London NW3 7ST 

(996) 


SEALE-HAYNE AGRICULTURAL 
LLEGE 


NEWTON ABBOT, DEVON 
RESEARCH ASSISTANT 


required on 3-year pig research project in- 
vestigating aspects of nutrition and reproduc- 
ton Opportunity to publish Applications, 
mcluding names of two referees, and requests 
for further details, should be addressed to Dr 
H Brooks (993) 











Graduate — 
Microbiologists 


Shell Research Limited, Sittingbourne, Kent are 
looking for a graduate with a good Honours degree in 
Microbiology for the Fermentation Division of their 
Borden Microbiological Laboratory The appoint- 
ment 1s for a period of twelve months in the first 
instance You must have relevant research experience 
to carry out a project on the classification and taxonomy 
of hydrocarbon utilizing micro-organisms The level at 
which you jom us will depend on background and 
experience To compensate for the fact that employ- 
ment may be for a limited period, resulting in ineligi- 
bility to join a pension fund, a gratuity would be 
payable on completion of your period of service Please 
write giving brief details regarding personal back- 
ground and experience to Shell Research Limited, 
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Recruitment Division (E), PNEL/31, Shell Centre, 
London SE: 7NA Shell 


SCIENCE RESEARCH COUNCIL 
RUTHERFORD AND 
DARESBURY LABORATORIES 


High Energy 
Physicists 


There are permanent vacancies for high energy physicists at Principal 
Scientific Officer and Senior Scientific Officer levels at both the Rutherford 
Laboratory in Berkshire and the Daresbury Laboratory in Cheshire The 
two Laboratories maintain active experimental programmes based on their 
own local accelerators and on the accelerators at the European Organization 
for Nuclear Research (CERN) tn Geneva 


Applications are invited from physicists with post-doctoral experience in 
the formation, running and analysis of high energy physics experiments 
For posts at the Daresbury Laboratory, preference will normally be given 
to those with experience of electromagnetic interactions Applicants 
should be prepared to spend a proportion of their service at CERN and 
should be willing to work in collaboration. with physicists both from 
British Universities and from abroad 


An applicant wishing to work particularly at one or other of the two 
Laboratories shquld state his preference 


Salaries will be paid according to experience, ranging from about £2,500 
to £4,600 net of superannuation 


Application forms dre available from Mr A Carter, Science Research 
Council, Manpower Section, Room 9 (2nd Floor), 197-213 Oxford 
Street, London WÎR 1AH Telephone 01 -437-9183 ext 123 


The closing date for receipt of completed application forms will be 31 
October 1973 


. 
(1033) 
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Pfizer 
GRADUATE and u SENIOR TECHNICIAN 


to work in the Pathology Department of our 
Central Research Laboratories 


We require 


ELECTRON-MICROSCOPIST 


To take responsibility for the operation of our AEI-6B Electron Microscope 
The job will involve day to day organisation of the work, assisting with the 
training of junior staff in histopathological and ultra-structural techniques and 
liaison with other research staff The successful applicant will be expected to 
develop suitable teehniques for the investigation of the pathological effects of 
novel compounds We are therefore looking for someone with both a 
practical and innovative approach to the work 


SENIOR HISTOLOGY TECHNICIAN 


To take responsibility for the supervision of the Histology and the post-mortem 
laboratories in our Pathology Department The person appointed will organise 
the routine operation of these sections and supervise the work of four tech- 
nicians Review of existing and development of new histopathological techniques 
will also form an important part of the job 


For both these jobs, some previous relevant experience is destrable There are 
prospects of increasing responsibility for persons showing initiative and ability 


Salaries are reviewed annually under a progressive system which rewards a 
person’s contribution to the overall Research effort Fringe benefits include 
Sick pay and a non-contributory Pension Scheme Our Research Laboratories 
are situated on the Kent Coast with easy aceess to both London and the Continent 


If you are interested in either of these positions, please apply in writing giving 
brief details of qualifications and experience to 


G, Marshall, Personnel Officer, 


University of Toronto 


NATURE OCTOBER 5 1973 


UNIVERSITY OF LEICESTER 


DEPARTMENT OF CHEMISTRY AND 
SCHOOL OF EDUCATION 


Ph D m Chemistry with Graduate Certificate 
of Education 


Applications are invited from persons hold- 
ing, or expecting to be awarded during 1974, 
a degree with First or Second Class Honours 
(upper division, or equivalent qualffications, 
ın Chemistry, Combined Sciences, Chemical 
Engineering, Physics, etc, who wish to pur- 


sue a 3-year course of research and teacher 
traimng 
The course may attract a limited number of 


Science Research Council quota awards, 
principally for new graduates, but candidates 
from industry or teaching may be eligible to 
apply for awards under other SRC schemes 

For further information and application 
forms please write to Professor R 'D 
Peacock, Department of Chemistry, University 
of Leicester LE1 7RH 

The closing date for applicanons 1s January 
31, 1974 (1010) 


PLANT ECOLOGIST 





Applications are invited from plant ecologists for 


faculty position in 


the Department of Botany, 
The appointment can be 


made at any rank appropriate to the qualifications 
of the appointee at a salary between $12 000 and 
$20,000 per annum ‘The starting date for the ap- 
poimtument is July 1, 1974 


Please send curriculum vitae and 


the names of 


three people from whom references can be sought 
to Jack Dainty, Chairman, Department of Botany 
University of Toronto, Toronto, Ontario M5S AI, 


Canada, by December 31, 1973 


(969) 





UNIVERSITY OF NAIROBI 
KENYA 


Applications are invited for the following posts 
in Department of Animal Production 


1 SENIOR LECTURER IN 


BEEF PRODUC- 


TION Applicants must have a good first degree in 
either Veterinary Medicme or Agriculture and a 
postgraduate degree, preferably a PhD Candidates 
holding lower qualifications (not Jess than an M Sc} 


will be considered 


if they hase several years 


of 


research and teaching experience at university level 
in the relevant field of Beef Cattle Production 
the tropics 

2 LECTURER IN DAIRY SCIENCE Apph- 
cants must have a good first degree in Veterinary 
Science or Agricultdre and a postgraduate degree 
preferably a PhD They should also have teaching 
and research expenence at university level in the 


fields of dairy cattle systems, 


tropics 
Salary scales (a) K£2,25G to K£3,036 per annum, 


(b KE1,500 to X5$,580 per annum 


in 


preferably in the 


(K£1— £1.15 


"ES 


stérhng ) The British Government may supplement 
salaries in range £450 to £950 per annum. (sterhng) 
for married appointees or £150 to £650 per annum 
(sterling) for single appointees (normally free of all 
tax) and provide children’s education allowances 
and holiday visii passages FSSU Family pass- 
ages, various allowances 


Detailed applications (2 copies), including a cur- 
riculum vitae and naming 3 referees, should be 
forwarded by air mail not later than November 6, 
1973, to the Registrar, University of Nairobi PO 
Box 30197, Nairobi, Kenya Applicants resident in 
UK should also send 1 copy to Inter-University 
Council, 90/91 Tottenham Court Road, London WIP 
ODT Further particulars of these appointments are 
obtamable from either address (1058 


PLYMOUTH POLYTECHNIC 
SOHOOL OF ENVIRONMENTAL SCIENCES 
The following staff are required for January 1, 


1974 
LECTURERS II or 
SENIOR LECTURERS mn 
APPLIED MINERALOGY 
ECOLOGICAL SYSTEMS ANALYSIS 
GENETICS 


Details and application forms from the Establish- 
ment Officer, Plymouth Polytechnic, Plymouth PL4 
8AA, to be returned by October 12 (1000) 


Central Research, Pfizer Limited, Sandwich, Kent CTI3 9NJ 
(1038) 








Bio-Engineer- 
BP Proteins 


BP Proteins require a Bro-Engineer to join a team 
in their fermentation pilot plant at Grangemouth, 
Stirlingshire, in which equipment ranges from labora- 
tory to semi-commercial scale The work will be to 
continue developing processes for production of 
protein from oil, which BP has pioneered and ts 
currently commercialising. 


Applicants should have a good degree i$ Chemical 
Engineering, postgraduate qualifications in Bio- 
Engineering, and preferably some research or industrial 
experience, . 


*» 

E Salary is competitive and conditions of service are 
excellent Please write giving full deedils, quoting 
referenge U 625, to The Manager, Central Recruit- 
ment, The British Petroleum Company Limited, 


s Britannic House, Moor Lane, London EC2Y 9BU 
: (1052) 













THE KENNEDY INSTITUTE 
Biochemistry Division 
RESEARCH TECHNICIAN required with 


HNC or science degree to assist research 
on connective tissue Experience of protem 


chemusiry techniques would be an advantage 


Whitley Council salary scales 


Written applications, naming two referees, 
to 
The Laboratory Superintendent, 
Kennedy Insutute, 
Bute Gardens, 
London W6 7DW 





(1045) 
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SCIENTIFIC OFFICER 


MANCHESTER REGIONAL BLOOD 
TRANSFUSION SERVICE 


Senior Microbiologist 


The expansion of our Research Department has included the 
establishment of a Cell Biology Unit which is engaged in 
two broad fields, namely Microbiology and Cell and Tissue 
Culture 


A vacancy cxists for a male or female 
SCIENTIFIC OFFICER ın the laboratories in 
Manchester Applicants must have a good 
Honours Science Degree (Ist or 2nd Class) 


with a special knowledge of Bacteriology or 
Virology Salary £1,566 rising to £2 370, 
though candidates with postgraduate qualifi- 
cations or experience may receive a higher 
starting salary 


Detailed applications, quoting Ref B T S 158, 
should be sent to the Director, Regional Blood 
Transfusion Service Roby Street, Manchester 
M1 3BP, from whom further particulars may 
be obtaincd (1047 


There 1s now a newly created post for a post-doctoral 
Microbiologist ın the age range 25-35 He or she will be 
expected to play an important role in certain interdisciplinary 
research projects as well as providing microbiol products 
to other Departments and carrying out antibacterial and 





SWAZILAND  Hortculturist to lecture on 
vegetable/fruit production and plant propaga- 


Hon ‘at agrcuitur&l- colleges. also. 19. manage antifungal screening. Experience in industry of fermentation 
and expand college's one-acre orchard 
LESOTHO Agricultural engineer to join development, assaying, product isolation or mutation and 


-rop/soil/water research team with special re- 


sponsibility for electric and diesel machinery stram 1mprovement would be a distinct advantage but 1s of 
pide. range Of usumilar, key. posts available less importance than the ability to make a positive contribution 
Two-year volunteer contracts include full 


insurance, return travel living allowance, 1n a research environment 
pocket money For details of these and other 
Jobs for 1974 in Africa and Asia apply NOW 


to International Voluntary Service, 91 High The Research Department has recently moved into new 
Sweet, Harlesden, NWIO 4NU Tel 01-965 well-equipped laboratories in Welwyn Garden City where the 


1446 (1060) 
working conditions are excellent 


UNIVERSITY OF EXETER 
DEPARTMENT OF GEOLOGY 
Applicauons are invited for a newly created post of 





Roche Products Limited 1s part of a major international 
pharmaceutical concern based in Switzerland and 1s itself one 
LECTURER IN ENGINEERING GEOLOGY Pre- of the leaders ın the industry in the UK Conditions of Service 
erence will be g t didat th t 

an geophysical techuigues; and who have Hidustbl are good and include some valuable fringe benefits 
experience Applications in. writing should be addressed to the Senior 


Salary scale — £1,929-£4,548 per annum, with FSSU 
benefits Welwyn Personnel Officer 


Further particulars may be obtained from the Secre- 
tary of the University, Northcote House, The Queen's 
Drive, Exeter EX4 4QJ, to whom applications (8 
copies, overseas candidates I copy) should be sub- 
mitted by October 22, 1973 

Please quote reference number 1/62/3064 

(1005) 








BRYOLOGIST 


VOPPNEOHONS are invited for a position made avail- 
able by a retirement The appointee will be expected 
to continue the active graduate teaching and research Roche Products Limited 
programme in bryology now in the department and 
will have curatorial responsibigues for the large Ų Welwyn Garden City Hertfordshire AL7 3AY 
bryological collections The rank and salary of the 
appointee are open to negotiation (1032) 

To ensure consideration, an application and 
curriculum vitae should reach Dr A Murray Evans, 
Chairman Screening Committee, Department of 
Botany, University of Tennessee, Knoxville, Tennessee 





37916, USA by November 15, 1973 (944) 
YORK UNIVERSITY 
TORONTO, CANADA UNIVERSITY OF ALBERTA 
POSTDOCTORAL PROJECT : 
SCIENTIST requires 


FOR ATMOSPHERIC TRACE GAS ANALYSIS 


Applications are invited for an immediate opening 
in development of advanced techniques for atmo- 
spheric analysis Candidates should ideally possess 


PROFESSIONAL RESEARCH ASSISTANT 





a background m gaseous 10n-molecule chemistry, mass LOCATION: Edmonton, Alberta, Canada, Population 520,000, 
$12 000 cee DP) IRRPRYSICE Salary range up to University enrolment 18,000 
Applicants should send a curriculum vitae and the - 
mames and addresses Of 3t lese woe reltiece te: De QUALIFICATIONS PhD LM or interest m piece lath back: 
R H Prince, Department of Physics, York Unuver- ground in the biochemistry of membranes helpfu 
Malaga Ae Steet- Downsview, Ontario, Canada SALARY: Commensurate with training and experience 
REFERENCES: Letters from two referees, addressed to Dr E E Daniel, 
ST BARTHOLOMEW’S HOSPITAL Department of Pharmacology, The University of Alberta, 
LONDON, EC 1 Edmonton, Canada, T6G 2EI 


RESEARCH TECHNICIAN ASSISTANT for 
Anaesthetic Laboratory Applicants should prefer- Position available Immediately 
ably be experienced in techniques associated with 
physiological measurement Excellent opportunities Deadline for applications November I, 1973 
to work for higher degrees/diplomas Junior Tech- 
nician (untrained) would be considered The appoint- 
ment will be tenable initially until July 31, 1974, 
and will be subject thereafter to review annually 
Salary according to qualifications and experience 

Tclephone 01-606 7777, ext 7348, to arrange infor- 


mal visit to Department Applications in writing to INSTITUTE OF CONNECTED EDUCATION 


Personnel Officer, quoting R/3747/N (1054) e 
offer prizes for resaarch in pure general science That is, research in inter- 
RESEARCH ASSISTANT required to work on disciplinary sciences, or if and how all sciences are interconnected Main object 


Medical Rercacen Coca ae mebolsm under a of the Institute 1s toegreate and sponsor the accÉptance of a course of this nature 





Salary will be appropriate to experience and quali- 1n schools, colleges and institutes 

fications — Applications in wnting to Dr Y S For further information please apply in writing to The Secretary, Institute of 
Bakhle, Department of Pharmacology, Institute of Connected Education, 28a Cadogan Place, London SW1X 9RX. i 

Basic Medical Sciences, Royal College of Surgeons, - (962) 





Lincolns Inn Fields, London WC2A 3PN (992) 


D 
x E 
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ELSEVIER 
SCIENTIFIC 





(Publishers of the 


PUBLISHING GOMPANY 


International Biochemical Journal 


Biochimica et Biophysica Acta) has immediate openings 
in AMSTERDAM for full-time 


editorial assistants 


Description 


Preparation of manuscripts for printing 
Correction of proofs 


Language correction of contributions written. by 


non-English speaking authors 


Supervision of 


Requirements 


free-lance workers 


Responsible and variable work 


@ Degree, or equivalent, in chemistry, biochemistry 
or biomedicine preferred 


@ English mother tongue 


A good salary, 
experience, work 


according to qualifications and 
in a congenial atmosphere and 


excellent social security arrangements are offered 


Handwritten applications, giving details of education 
and previous experience and an indication of salary 
expected, should be addressed to 


the Personnel Department, Associated Scientific 


Publishers, P.O 


Netherlands. 


NATIONAL INSTITUTE FOR 


RESEARCH IN DAIRYING 
(UNIVERSITY OF READING) 


Applications are invited for a post of SCIENTIFIC 
OFFICER ın the Bacteriology Department to assist 
in the maintenance of the National Collection of 
Dairy Organisms and in research in the field of 
Bacterial Systematics The work is presently con- 
centrated on the enzymatic and DNA composition of 
bacteria Applicants should preferably have an 
interest in bacterial physiology and some expertise in 
biochemical techniques 

An appropriate degree, HN D, HNC, or equiva- 
lent qualification 1s required Salary £1,318 to £2,177, 
with a starting point dependent on qualifications and 
experience Superannuation, with an allowance to 
offset contributions 

Apply on forms obtamable from the Secretary, 
NIRD, Shinfield, Reading RG2 9AT Quote 
reference 73/36 (883) 





RESEARCH TECHNICIAN REQUIRED TO 
assist mm the mucrobrochemustry laboratory of the 
Department of Plant Biology and Microbiology The 
appointment will be for approximately twa years 
Salary (Grade 2B) £1,416 by £51 to £1,569 per annum, 
plus London Weighting £175 per annum Five-day 
week Five weeks (in total) amnual leave — Letters 
only to Assistant Secretary (Establishment), RT/DH, 
Queen Mary €ollege Mae End Road London EI 
4NS, stating age, experience, qualifications and pre- 
sent work Closing date Octobet 13, 1973 (988) 


. Box 2400, Amsterdam, The 


(965) 





ROYAL VETERINARY COLLEGE 
University of London 


DEPARTMENT OF PATHOLOGY 


Applications are invited for the post of 
VIROLOGIST 1n a project supported by the Horse- 
race Betting Levy Board The appointee will be re- 
quired to participate 1n Investigations of the 
aetiology, epidemiology and immunology of equine 
respiratory virus infections Preference will be given 
to applicants who have postgraduate experience in 
the application of immunological techniques to 
studies of virus infections 

Salary in the Lecturer scale, up to £2,718 per 
annum including London Allowance Superannuation 
under FSS U 

Application forms and further details available 
from the Secretary (N), The Royal Veterinary Col- 
lege, Royal College Street London NWI Mie" 

(97D 


RESEARCH DEMONSTRATOR required in De- 
partment of Agriculture and Horticulture, University 
of Reading, to aSsigt with pracucal classes in the 
Horticulture section and to carry out research in 
Applied Entomology under Dr H F van Emden 
Good degree in a@felevant subject, eg Zoology, 
Botany, Horticulture essential Opportunity to read 
for a higher degree Three-year appointment Salary 
scale £1,047 by £51 to £1,149 per annum —Apply 
quoting Ref ‘TIN61 to Assistant Bursar (Personnel), 
University of Reading, Whiteknights, Reading RG6 
2AH (957) 





THE ROYAL VETERINARY 


COLLEGE 
(UNIVERSITY OF LONDON) 


ROYAL COLLEGE STREET, LONDON NW1 
DIVISION OF BIOCHEMISTRY 


RESEARCH TECHNICIAN 


Applications are invited from graduates or suitably 
qualified non-graduates for this appomtment which 
is intually September 30, 1974 

The successful applicant will assist in research 
involving intermediary metabolism in the perfused 
liver 

Salary scale Grade 4, minimum £1,903 including 
London Weighung 


DEPARTMENT OF PATHOLOGY 
TECHNICIAN (GRADE 3) 


required in Virology Unit to assist in thc prepara- 
tion of cell cultures and take part in experimental 
and epidemiological studies of equine respiratory 
virus infections Previous experince in cell culture 
and virology desirable 

Salary up to £1,641 per annum plus £165 per 
annum London Allowance 


Applications to Assistant Secretary (Personnel) (N), 
givirg full details of age, qualifications and experi- 
ence. (1026) 





UNIVERSITY COLLEGE LONDON 


PUBLIC HEALTH ENGINEERING 
RESEARCH GROUP 
RESEARCH ASSISTANT 


PHYSICAL SCIENTIST or ENGINEER r«quired 
for 2-ycar postdoctoral appointment for SR C spon- 
sored research on Flocculation in Filter Pores re- 
laung to water treatment Salary up to £3,045 
(FSSU if appropriate ) 

Applications to Profesor K J Ives (N), Uni- 
vers ty College London, Gower Street, London WCIE 
6BT (Tel 01-387 7050) (1050) 


ROYAL POSTGRADUATE 
MEDICAL SCHOOL 


STUDENT/JUNIOR TECHNICIAN 


required in the Department of Immunology Post 
suitable for school leaver holding a minimum of 
GCE “O” level passes ın English, Mathematics and 
two Science subjects Salary in the range £762 to 
£1,416 per annum according to age and experience 
Day release for further studies will be given 
Applicauons to Secretary, Royal Postgraduate 
Medical School, Hammersmith Hospital, Du Cane 
Road, London W12 OHS, quoting reference 21/203/ 
N (1024) 








UNIVERSITY OF WISCONSIN 
DEPARTMENT OF VETERINARY SCIENCE 


Applications are invited for an individual recently 
qualified im medicine or veterinary surgery as a 
RESEARCH ASSISTANT to study on an M S -Ph D 


programme in Cardiopulmonary Physiopathology 
Tax-free stipend, level depending upon qualifica- 
tions 


Letter of application, with curriculum vitae names 
of 2 professional referees, and transcripts of univer- 
sity work, to Dr J A Will, Dept of Veterinary 
Science, University of Wisconsin, Madison, Wiscon- 
sin 53706, USA (989) 





MEDICAL RESEARCH COUNCIL UNIT RE- 
quies JUNIOR TECHNICAL OFFICER or TECH- 
NICIAN for work on cellular effects of radiation 
Some biochemical and/or tissue culture experience 
would be an advantage Salary according to age 
and qualifications 


Apply to the Directo, MRC _ Experimental 
Radiopathology Unit, Hammersmith Hospital Lon- 
don W12 0HS (991) 





FELLOWSHIPS AND 
STUDENTSHIPS 





UNIVERSITY OF EXETER 
DEPARTMENT OF CHEMISTRY 


Applications are invited for two POSTDOCTORAL 
FELLOWSHIPS for work with Professor H N 
Rydon One Fellowship, funded by the SRC, 1s 
for *he investigation of the reaction of glutaraldehyde 
with collagen and other proteins, and the other, 
funded by Bristol-Myers Co, for the investigation 
of the reactions of penicillin and cephalosporin 
derivatives with serum albumin and other proteins 
Applicants should have a PhD degree, or equivalent 
research experience, 1n organic chemistry or bio- 
chemistry 

The appointments will be for one year iniually, 
renewable for a second year Salary £1,929 per 
annum plus FSS U 

Applications (four copies), together with the names 
of two referees, should be sent to Professor Rydon, 
Department of Chemistry, University of Exeter, 
Stocker Road, Exeter EX4 4QD, by November 21 
Please quote Reference No PD2 (956) 
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UNIVERSITY OF YORK 
DEPARTMENT OF BIOLOGY 


Applications are invited for a POSTDOCTORAL 
FELLOWSHIP to» study structural’ and* midlécutar 
aspects of the interaction of antibodies with antigens 
in the surface of the human red blood cell The 
project involves the application of environmentally 
Sensitive fluorescent probe molecules Experience in 
molecular aspects of membrane structure and 
immunology, or of the application of fluorescence 
techniques to biological problems 1s desirable 

Applications, with curriculum vitae and two 
referees, should be sent to Dr D G Hoare, Biology 
Department, University of York, York YO1 SDD, 
as soon as possible (955) 





UNIVERSITY OF SOUTHAMPTON 


DEPARTMENT OF PHYSIOLOGY AND 
BIOCHEMISTRY 


RESEARCH STUDENTSHIP 


Applications are invited from graduates with a 
good Honours Degree in Physiology, Biochemistry, 
Nutrition or a related discipline for a Research 
Studentship to work on changes in metabolism and 
energy balance in obesity The successful candidate 
wil be expected to register for a higher degree of 
the University Salary as for SR C studentships 

Applications together with curriculum vitae and the 
names of two referees to Professor T G Taylor, 
Department of Physiology and Biochemistry, Medical 
and Biological Sciences Building, The University, 
Southampton SO9 3TU, as soon as possible 

(1017) 


THE HEBREW UNIVERSITY OF 
JERUSALEM 


THE FACULTY OF SCIENCE 


Applications are invited for POSTDOCTORAL 
FELLOWSHIPS for the academic year 1974/1975 
in the fields of Mathematics, Physics, Chemistry, 
Life and Earth Sciences 

The applicant 1$ required to submit his application 
Gn letter form) before December 1, 1973, together 
with a list of his publications and curriculum vitae, 
containing details of his marital status to the Chair- 
man of the Institute, in which he is interested to 
carry out his research Applications for research in 
Earth Sciences should be submitted to the appropriate 
Head of Department, 1e, Geology, Geography or 
Atmospheric Sciences All applicants are requested 
to address copies of their correspondence to the 
Dean, Faculty of Science 

The applicant ts further required to arrange for 
at least two letters of recommendation, from persons 
well acquainted with his personal and academic 
record to be directed to the relevant Chairman, or 
Head of the Department Recommendations should 
reach their destination by December 1, 1973 

The fellowship provides for, tax-free salary 
ranging from approximately IL 44,000 to IL 16000 
(dependent on the candidate’s marital status), which 
1$ payable ın eleven monthly instalments The faculty 
usually allows for a single air-tucket to Israel, and 
a similar allowance 1s made if the candidate leaves 
Israel on completion of his tenure as postdoctoral 
fellow 

The fellowship 1s mtended primarily for persons 
who attained their degree in very recent years, and 
for those who will complete all requirements for the 
PhD degree before the autumn of 1974 (961) 








UNIVERSITY OF ABERDEEN 
DEPARTMENT OF BIOCHEMISTRY 


POSTDOCTORAL RESEARCH FELLOW 


Applications are invited from graduates in Bio- 
chemistry or an allied discipline for the above post, 
to participate m a project with Dr W J Harms, 
concerned with the study of the DNA repair capacity 
and immunological relatedness within human skin 
tumours Applicants should preferably have experi- 
ence of nucleic acids or tissue culture The post 3s 
for one year initially but renewable for a further 
two years Starting salary wil be in the range 
£1,929-£2,223 depending on age and experience 

Further particulars from The Secretary, The Univer- 
sity, Aberdeen, with whom applications (2 copies) 
should be Jodged by October 19, 1973 (1007) 


UNIVERSITY OF CAMBRIDGE 
RESEARCH STUDENTSHIP 
IN ANIMAL NUTRITION 


Applications are invited. for a Studentship 
financed by AR C to work on the "Protein 
and Amino Acid Requirements of Ruminant 
Anmals" from October 1, 1973, or as soon as 
possible thereafter Candidates should have a 


First or Upper Second Class degree or a 
higher quahficaton in Agricultural Science 


Salary in the range £830 to £930 The suc- 
cessful candidate will be expected to register 
for the Ph D degree 

Applications, naming two referees, to, or 
further details from, the Secretary, Depart- 
ment of Apphed Biology, Downing Street, 
Cambridge CB2 3DX, as soon as pose t) 
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~ THE LEVERHULME TRUST 


Research Awards 1974 


The Leverhulme Trustees, through their Research Awards Advisory Committee, offer 


(1) FELLOWSHIPS AND GRANTS— 


To assist senior persons pursuing investigations, parucularly those who are prevented by 
routine duties or any other cause from undertaking or compleung a research programme 
These awards are not available for persons reading for higher degrees or equivalent awards 
No subject of enquiry 1s excluded from consideration 

The awards are limited to persons educated in the United Kingdom o- m any other part 
of the Commonwealth who are normally resident m the United Kingdom The duration of 
the awards does not extend over more than two years or less than three months and the 
amount of the award depends on the nature of the work and the circumstances of the case 


The closing date for applications (Form F/2C) ıs December 1, 1973. The 
period of award may start from June 1, 1974. 


(u) EMERITUS FELLOWSHIPS— 


A limited number of awards to assist persons who have recently retired or who are about 
to retire from academic positions in universities or institutions of similar status in the United 
Kingdom and who have an established record of research They are designed to help in the 
completion and preparation for publication of the results of such rescarch 

The award attached to the fellowship 1s to meet incidental costs such as typing, secretarial 
or research assistance, books, photostats, preparation of Dlates or blocks, apparatus or equip- 
ment, travel and subsistence away from home for essential visits to librarics and other sources 
of original material It 1s not normally intended to provide a personal allowance or a pension 
supplementation The fellowships are tenable for one or two years and are not thereafter 
renewable The amount of the award depends on the nature and cost of the assistance sought 
but does not exceed a rate of £2,000 a year 


The closing date for applications (Form F/6C) is December 1, 1973. The 
period of award will normally date from June 1, 1974. 


(iu) FACULTY FELLOWSHIPS IN EUROPEAN STUDIES— 


A limited number of awards to strengthen the teaching of European Studies in the universi- 
ues of this country Thesc awards are intended to assist cstablished members of the staffs of 
universities in the United Kingdom to undertake advanced studv or research in a European 
country or countries excluding the British Isles in their particular ficlds of interest The 
fellowships are designed to enable scholars in this country directly to consult their academic 
colleagues ın Europe and to have access to sources of original materials 

B fellow must spend at least six months in Europe normally in not more than two separate 
periods 

The award attached to the fellowship may be cxpected to cover the direct costs involved 
in the fellow's study programme such as subsistence while abroad, travel to and from the 
European country or countries in which the fellow wishes to study, internal travel within the 
country or countres and other incidental expenses The award will not normally provide for 
salaries or personal allowances It will vary as to amount to meet the circumstances of each 
et but will not normally exceed the rate of £250 a month with a maximum total value of 

,000 


The closing date for applications (Form FF/10C) is December 31, 1973. 
The period of award may start from June 1, 1974. 


(ivy) OVERSEAS STUDENTSHIPS— 


Up to sıx studentships for a period of advanced study or rescarch in any subject at an 
instituton of university or university college status in any part of thc world other than the 


United Kingdom, Europe or North America 


At the time of application candidates should be graduatcs of a United Kingdom university, 
holders of CN A A degrees or able to show evidence of equivalent education They should 
also have been educated at a school or schools in the United Kingdom or in any other part 
of the Commonwealth They must be normally resident in the United Kingdom and under the 
age of 30 on October 1 ın the year of the award 

The value of the studentships 1s £1,000 per annum In addition, an amount of £200 will 
be provided towards outfit and return passages, additional assistance will be available where 
the cost of the student’s return passage exceeds £180 or to meet abnormal requirements con- 
nected with the course of study — A further allowance of £25 per month may be paid, at the 
discretion of the Committee, to a married student when accompanied by his wife 

The awards are tenable for one year or two years if circumstances warrant ıt The awards 
may not normally be held in conjunction with other major awards Students will be asked 
on termination of an award to make a short report to the Committee on their experience 
during the period of study 

Candidates must be available for interview ın London late in March, travelling expenses 
within the United Kingdom will be refunded Successful candidates will be required to 
undergo a medical examination before confirmation of their awards 


The closing date for applications (Form O/2C) is January 15, 1974. The 
period of award will normally date from October 1, 1974 


(v) EUROPEAN STUDENTSHIPS— 

Up to eight studentships of £1,200 for one year for advanced study or research in a centre 
of learning in any European country other than the United Kingdom or Ireland A further 
allowance of £25 per month may be paid, at the discretion of the Committee, to a married 
student when accompanied by his wife 

At the time of application candidates should be graduates of a United Kingdom university 
holders of CN A A degrees or able to show evidence of equivalent education They should 
also have been educated at a school or schools in the United Kingdom or m any other part 
of the Commonwealth They must be normally resident in the United Kingdom and under 
the age of 30 on October 1 in the year of the award 

The studentships are tenable only at or m connection with a university, college or simular 
institution They are not intended for students of modern languages otherwise no subject of 
study will be excluded but preference will be given to candidates who intend to study 1n subjects 
normally grouped .n the Arts and Social Studies Faculues of universities 

The period of award normally begins on October 1 and students will be required on termi- 
nation of the award ào make a short report to the Committee. on their experience during the 
year of study The awards may not normally be held m conjunction with another major award 

Candidates must be available for interview in London in the second half of April, travelling 
expenses within the United Kingdom will be refunded 


The closing date fof applications (Form E/2C) 1s January 15, 1974. The 
period of award will normally date from October 1, 1974. 


The results of apfbfications for all the above awards will be communicated 
to the candidates m April, 1974, Application forms and further information 
from The Secretary, Research Awards Advisory Commiftee, The Leverhulme 
Trust, 21/23 New Fetter Lane, London EC4A INR. Telephone: 01-248 1910. 

S (949) 
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THE ENGLISH-SPEAKING UNION 
OF THE COMMONWEALTH 


Applications are mvited for 


LINDEMANN TRUST 
FELLOWSHIPS 


from highly qualified graduates wishing te 
continue research in the Physical Sciences at 
insututions in. the United States 
The awards which will carry stipends of the 
order of $11,000 will be tenable for the 
academic year 1974/75, but may be renewed at 
the discretion of the Committee 
Further particulars and application forms 
may be obtamed from 
The Secretary, Lindemann Committee, 
Lnglsh-Speaking Union 
Dartmouth House, 
37 Charles Street, 
London WIX 8AB 
Completed forms should be returned not later 
than November 10 1973 (1006) 





FLINDERS UNIVERSITY 
OF SOUTH AUSTRALIA 


SCHOOL OF SOCIAL SCIENCES 
RESEARCH FELLOWSHIP 


Applications are invited from suitably. qualificd 
persons for a Research Fellowship tenable wrthin 
any of the fields represented in the School of Social 
Scinces of the University The Research Fellow- 
ship is tenable initially for one year, but application 
may be made for a further year Applicants should 
have complied a Ph D degree prior to October 31, 
1973, or have had equivalent research experience 

The appointment will bv made according to quali- 
fications and cxpcrience within the. salary range 
$A7 894—(3 X$A336) $A9,208—(1 x$A306) A grant 
not «xcceding $A500 may be made as contribution 
towards the travel costs of the Fellow in taking up 
the Fellowship 

The School of Social Sciences is an integrated 
School encompassing disciplines of American Studies 
Asian Studies, Economics Economic History, Educa- 
uon Geography, History, Politics, Psychology, 
Sociology and Social Administration The School 
is attempting to further intcr-disciplinary linkages 
among these disciplincs through teaching and re- 
search Accordingly, preference may bc given to a 
candidate whose msearch work will be of intercst to 
more than one of the established disciplines in the 
School 

Further details comcerning the fields of interest 
within the Schoo! are obtainable from the Registrar, 
The Flinders University of South Australia Bedford 
Park, South Australia 5042 

Applications, including full pcrsonal details de- 
tails of academic record and publications a brief 
outline of research interests, and names of at kast 
two_ referees, should be lodged with the Registrar 
by November 30, 1973 Each applicant should ask 
his or her refcrecs to forward their reports directly 
to the Registrar before the closing date (1048) 


UNIVERSITY OF KEELE 


RESEARCH FELLOW IN 
BIOCHEMISTRY 


Applications invited. for a Research Fellowship in 
Biochemistry, tenable for four years in the first in- 
stance Salary ın scale £1,929 to £2,883 per annum 
The present work of the Biochemistry Research Unit 
is chiefly on lysosome funcuon and dysfunction in 
mammalian cells, and some preference would be 
given to candidates with interests in this or a 
related area The post will also carry some under- 
graduate teach'ng duties 

Further particulars and application forms from the 
Registrar, The University, Keele, Staffs ST5 5BG 
Closing date for applications, October 31, 1973 

(978) 


A new series from the Soviet Union (in Russian) 


‘ADVANCE TECHNICAL BRIEFS’ 


24 issues p.a. 


BIOCHEMICAL PHARMACOLOGY 
Ref 72385 Annual sub £415 


BIOCHEMISTRY OF ANIMALS 
Ref 2386 Annual sub £9 90 


BIOCHEMISTRY OF MICROORGANISMS 
Ref 72387 Annual sub £5 35 





UNIVERSITY OF GLASGOW 


A RESEARCH STUDENTSHIP ıs available for 
chemical studies of the metabolism of the aldosterone 
antagonist spironolactone The work will be based 
on liquid and gas chromatography, together with 


mass spectrometry 

(Further details from Dr C J W Brooks, 
Chemistry Department University of Glasgow, Glas- 
gow G12 8QQ In reply please quote Ref No 


3362M (952) 





UNIVERSITY OF BERNE 
DEPARTMENT OF HAEMATOLOGY OF THE 
UNIVERSITY HOSPITALS 


POST-DOCTORAL FELLOWSHIP 


Applications are invited for a post-doctoral fellow- 
ship in the field of blood coagulauon, specifically 
structural, functional and immunological evaluation 
of fibrinogen and its proteolytic degradation pro- 
ducts Previous experience in protein chemistry 
required Position available immediately Salary 
according to University Regulations Those interested 
should write to Professor E A Beck Hamatologisches 
Zentrallabor Inselspital OH-3010 Berne, Switzerland, 
including details of present qualifications and names 
of two referees (994) 





GRANTS & SCHOLARSHIPS 


SCIENCE POSTGRADUATE— 
RESEARCH STUDENTSHIP 
UNIVERSITY OF BIRMINGHAM 
DEPARIMENI OF OBSIEIRICS AND 
GYNAECOLOGY 
A grant is available from October 1973 for 
a graduatc to join a project invesugating thc 

causis of carcinoma of the cervix 
A suitable candidate will be able to register 
for a PhD 
The project 


is run in close collaboration 


with the Departments of Virology and Anatomy 
and involves studies on thc effects of virus on 
human cervical material maintained in organ 
culture 
Several 


promising avenues of investigation 
have developed these include quantitative 
studies on viral replication in cultured tissues 
changes in the cellular surface characteristics 
seen under the scanning electron microscope, 
and investigations using DNA-RNA hybridiza- 
uon techniques to locate viral genome within 
cervical material 

The project is based in the Birmingham 
Maternity Hospital, which is part of the Queen 
Elizabeth Hospital and University complex 

‘Applicants with a good honours degree in 
Microbiology, Biological Sciences or an allied 
subject, should send a curriculum vitae and 
names of two referees to 

Dr. G H Thomas, Department of Anatomy, 

University of Birmingham Medical School, 

Vincent Drive, Edgbaston, Pam 15 





UNIVERSITY OF BATH 


BRITISH GAS RESEARCH 
SCHOLARSHIP IN CHEMICAL 
ENGINEERING 


This Scholarsh'p, tenable for 3 years, is available 
for research into the separation of binary mixtures 
of methane and ethane in fixed beds of adsorbents 
Candidates, who should normally hold at least an 
Upper Second Class Honours Degree in an Engin- 
eering or Science subject, would be able to submit 
the results of the work for a PhD 

The basic value of the award is £745 per 
and additional allowances are payable where 
priate 

Applications, giving a full curriculum vitae. should 
include the names and addresses of two referees and 
be addressed to Registrar (S), The University, Bath 
BA2 7AY, quoting Reference 73/141 (1014) 


annum 
appro- 


USA 
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UNIVERSITY OF SYDNEY 


THE THOMAS LAWRANCE 
PAWLETT SCHOLARSHIPS 


Applications are invited for the above-mentioned 
award from suitably qualified graduates who pro- 
pose to undertake postgraduate study and research 
(normally for a higher degree) in the Faculty of 
Agriculture at the University of Sydney 

The Scholarship is tenable for one year and may 
be -encwed from ylar to year ijf the holder makes 
satisfactory progress The present value is $A2,900 
per annum 

Applications close on November 9, 1973, with the 
Registrar, University of Sydney, NSW, Australia 
2006, from whom application forms and full infor- 
mation about the Scholarships are available (1049) 


SYMPOSIUM 


INSTITUTE OF ORTHOPAEDICS 
(University of London) 


An International Symposium on 
NORMAL AND 
OSTEOARTHRITIC CARTILAGE 


will be held at the 


Royal National Orthopaedic Hospital 


STANMORE 
on November 5-7, 1973 


Fee (including meals, etc) 1s £12 


Further details of programme and 
booking forms are available from the 
Secretary, Professorial Clinical Unit, 
Institute of Orthopaedics, RNOH, 
Brockley Hull, Stanmore, Middlesex, 
Telephone 01-954 2300, Ext 137 


(1051) 





FOR SALE AND WANTED 


Always wanted 

BACK RUNS OF JOURNALS 
IN SCIENCE AND THE HUMANITIES 
WM DAWSON & SONS LTD 

Back sues Department, 
Cannon House, Park Farm Road, 

Folkestone, Kent, England 
Tel Folkestone 57421 0) 


GEL ELECTROPHORESIS APPARATUS 
DEVICE FOR ELUTIONS FROM GELS 
GRADIENT MAKERS 
FRACTIONATORS 


At reasonable prices For literature, write 
BIOX RESEARCH SPECIALTIES 
PO Box 143, Gaithersburg, Md. 20760, USA 
(960) 





Wanted and for Sale 
Scientific and Technical Reviews 
Please inquire for runs or single volumes 
SANTO VANASIA, 58 Via M Macchi, 
20124 MILANO, Italy. (2) 





Display Advertising for 


Nature 


NATURE SCIENTIFIC PUBLICATIONS INC 
711 National Press Butlding 

Washington DC 20004 

202 737-2355 


RESEARCH TECHNIQUES IN BIO-CHEMISTRY ° 


Ref 72396 Annual sub £2 90 


* 
Send for 1974 catalogues of Soviet technical & scientific journal? * 


. 
Denington Estate, 


"Corn ets 





WELLI NGBOROUGH, Northants. 


. Elsewhere 
ADVERTISEMENT DEPARTMENT 


MACMILLAN JOURNALS LIMITED 
4 Little Essex Street, London WC2R 3LF 


01 -336-6633 
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Continuous cerebral monitoring — 
a revolutionary new instrument 





The Devices Cerebral Function Monitor provides con- 
tinuous monitoring of cerebral activity and shows if 
conventional electroencephalographic (EEG) record- 
ings, available only as samples, are typical of the on- 
going activity. 


The instrument uses a compressed and filtered EEG 
signal, obtained from a pair of parietal electrodes, to 
provide a convenient, inexpensive and reliable record 
of cerebral activity without requiring skilled personnel. 


Two meters and a two channel chart recorder provide 
the monitoring facilities for both cerebral activity and 
electrode impedance. In addition, warning lamps indi- 
cate a high impedance condition resulting from deteri- 
oration of contact or movement of an electrode. Stand- 
ard EEG recordings use 10,000 cm. of chart paper per 
hour, whereas the C.F.M. recorder employs speeds of 
only 5 cm./hr. for intensive therapy and 50 cm./hr. for 
theatre recording. Higher speeds are available for minute 
by minute recording of the effects of administering 
drugs. 


The C.F.M. is particularly valuable for the clinician who 


Devices Instruments Limited 


26-28 Hyde Way, 
Welwyn Garden City, Hertfordshire 
Tel: Welwvn Garden 28511 


must endeavour to assess the degree of anoxic brain 
damage, for instance after cardiac arrest, before making 
decisions about treatment, and it enables him to predict 
with greater confidence that irreversible brain damage 
has occurred. Variations in the slope of the trace corre- 
spond to similar variations in the amplitude of cerebral 
activity, and the character of activity is indicated by 
gradations in width and variability of the trace. 


During cardiac surgery the C.F.M. can be used to indi- 
cate inadequate cerebral perfusion in association with 
hypotension, ventricular fibrillation and other causes 
encountered during cardio-pulmonary by-pass. Altera- 
tion in the level of anaesthesia during surgery is indi- 
cated in the absence of clinical evidence. 


The C.F.M. can be used to study the speed and depth 
of anaesthesia, to evaluate new drugs which affect the 
nervous system, and to assess the condition of patients 
during haemodialysis and with various metabolic ence- 
phalopathies such as those of hepatic and renal origin. 


More information on this important advance in medical 


instrumentation is available on request. 
oO 
e 


‘| Devices 
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A choice of bright or dark field 
in the stereomicroscope 


e The new transmitted-light stand for Wild stereomicroscopes 
e ; 


A is designed for both bright and dark field, No adjustment 
is necessary-just move a lever and you change straight from 
i an one to the other. The fan-cooled 12 V/100 W halogen lamp 
oma aives uniform illumination, so the new stand is particularly 
suitable for photomicrography 


Wild Heerbrugg Ltd., CH-9435 Heerbrugg. WES LED 


E Switzerland HEERBRUGG 
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The Life Game 


Earthquakes and plate tectonics 

Nitric oxide in the stratosphere 

Swine vesicular disease virus 
Diabetic intestinal ‘calcium binding 


Macmillan Journals Limited ` 25p UK $1.00 USA 
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For human and comparative anatomists, primatologists; 
For anthropologists, archeologists; 

For medical researchers, educators, practitioners; 

For veterinarians, dentists; 

For students as well as seasoned researchers 


A unique one-volume presentation of the gross anatom 
of three primates, region by region. : 


An Atlas of Primate Gross Anatomy 


BABOON, CHIMPANZEE, AND MAN 
Text by Daris R. Swindler 
Drawings by Charles D. Wood 





Detailed regional depictions of the significant morphological similarities and differences of the 
three primates most easily available for study and representing three different locomotor postures. 


The over 400 drawings, labeled according to the international Nomina anatomica, 1966, present 
comparative views of the three species on facing pages with accompanying text. Where applicable, 
various systems are presented in total for comparison, and anatomic information on other primates 
is included. 


This atlas is the first to show in comparative chart form the origin, insertion, and innerva- 
tion of all the appendicular musculature of these primates, and a comparison of 
the appendicular osteology with all their respective musculature 
attachments delineated. 
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M > gross anatomical literature spanning the last 
= one hundrec years. 
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At Miles Research, we have blood proteins—from 
bovine to sperm whale, and just about everything in 
between. So, chances are we already have just the 
blood protein you need. Of course, we also have the 
resources to supply specialized products to meet your 
requirements. To succeed, we need your suggestions. 
Our full line of blood protein products are described in 
our new catalog. We'd like to send you a copy and, 
then, hear from you about your special needs and to 
learn about your specific uses for blood proteins. You 
can reach me and other members ot our staff here in 
Kankakee, Illinois, U.S.A. by 
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MOUSE ANTI THETA SERUM 


It is generally accepted that all cells with the theta 
alloantigen are thymus-derived and the use of cytotoxic theta antisera 
to identify thymus-derived lymphocytes has been widely reported. The two specificities 
of theta antisera are available from Searle, anti theta-C3H and anti theta-AKR. 


MICROCOCCUS 
DNA-DEPENDENT RNA POLYMERASE 


This highly purified enzyme is invaluable for basic studies 
on RNA synthesis, and has recently been used for synthesising anti-mRNA 
strands, for analysing template properties of mammalian chromatin and for 
transcribing the 'sense' strand of ribosomal DNA cistrons with high fidelity. 
+. 


RABBIT GLOBIN m RNA 


Rapid developments in the purification of messenger RNA enable 
us to offer a highly purified preparation of 9S globin messenger from 
rabbit reticulocytes. This material will be suitable for studies on translation 
in a variety of cell free systems. 


POLY (dT) CELLULOSE 


Recently, it has been shown that most messenger RNA's contain 
long regions of polyadenylate. These regions will bind the messenger 
molecules to poly(dT) cellulose, thus effectively isolating them 
from ribosomal RNA. 
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Les bassins des fleuves Sénégal et Gambie (étude géomorphologique) 
THE SENEGAL AND GAMBIA RIVER BASINS (A GEOMORPHOLOGICAL STUDY) 


P. Michel 

Col Mémoires ORSTOM n? 63 

1973—21 x27, 3 tomes, 752 p , 170 fig , 91 phot, bibliogr English abstract, £19 50+ 

The two river basins extend over some 420,000 square Km, from the central Fouta Djalon uplands up to the fixed 
dunes in South-West Mauritania They lie at the meeting of the rainy tropics and the dry ones This study aims at 
explaining the genesis and the shaping of the landforms of this vast area. An investigation of series of profiles brought 
about a precise knowledge of the weathering of the rocks, and of the nature of the duricrusts which spread over 
large areas Most of this work is devoted to the analysis of the geomorphological evolution since the Mesozoic 
up to the present time, the main factor being large climate fluctuations. The various deposits of the Senegal alluvial 
valley and of its borders have been minutely surveyed and drawn on the six colour maps at the scale of 1/200 000 
which have been added to a numerous black and white illustration 


Les sols de quelques régions volcaniques du Cameroun (variations pédologiques et 
minéralogiques du milieu équatorial au milieu tropical) 
SOILS OF SOME VOLCANIC REGIONS IN THE CAMEROONS (pedological and 
mineralogic variations between equatorial and tropical environments) 

G. Sieffermann 

Col Mémoires ORSTOM n? 66 

1973—21 x 27, 184 p , 55 fig, 13 pl photos, bibliogr , £9 00* 


The soils of a few principal Cameroon volcanic regions — Pedologic and mineralogic variations between the equatorial 
and tropical environment allophanes, montmorillonite, halloysite, metahalloysite, kaolinite and gibbsite 


Les crevettes profondes de l'Atlantique Oriental Tropical 
THE DEEP-SEA SHRIMPS AND PRAWNS FROM TROPICAL EAST-ATLANTIC 
A. Crosnier and J. Forest 
Col. Faune Tropical n? XIX 
1973—21 x27, 407 p., 121 fig bibliogr £9.80 
Critical catalogue of benthic and pelagic shrimps (Crustacea, Decapoda, Natantia) in the Tropical Eastern Atlantic, 
beyond the continental sheif Over 150 species are mentioned, of which many were unknown to science or in the 


area Keys to the families, genera and species For more than 100 spectes studied, synonymy, references, distribution 
and, in certain cases, description and discussion. Biogeographical study, bibliography and index 


Plantes médicinales de Nouvelle-Calédonie 
MEDICINAL PLANTS OF NEW CALEDONIA 
J. Rageau 
Col Travaux et Documents de l'ORSTOM n?23 
1973—21 x 27, 139, p., 66 fig , bibliogr., £4 10* 
In this book are cited about 600 species of medicinal plants of New Caledonia with noteseon their ecology, biochem- 
istry, medical and veterinary uses and their toxic properties 66 drawings and photographs of the more important 


species are given The work is completed by a bibliography of 67 references, 3 index (scientific names, french names, 
diseases) and a glossary of the medical terms used in the text 


Ecologie de G/ossina palpalis gambiensis Vanderplank 1949 (Diptera, Muscidae) en savane 
d'Afrique occidentale 
ECOLOGY OF GLOSSINA PALPALIS GAMBIENSIS VANDERPLANK 1949 (DIPTERA, 
MUSCIDAE) IN THE WEST AFRICAN SAVANNAH 
A. Challier 
Col. Mémoires ORSTOM n? 64 
1973—21 x 27, 274 p , 47 fig , bibliogr , index, English abstract £9 80* 
Glossina palpaus gambiensis Vanderplank 1949 (Diptera, Muscidae) is the main vector of trypanosomiasis in West 
Africa, to the west of Dahomey The author proposes in his study to consider all aspects of its ecology and the 


physiological features essential for a clearer understanding of the pheromena The study of detailed aspects has 
been restricted to a population in a savannah habitat 


Etude éthologique et biocoenotique du peuplement d'insects dans un verger “naturel” 
ETHOLOGICAL AND BIOCENOTICAL STUDIES OF THE ENTOMOFAUNA IN A 
“NATURAL” ORCHARD 

G. Couturier 

Col Travaux et Documents de l'ORSTOM n° 22 

1973—21 x27, 96 p , 33 fig., bibliogr , £3.00* 

Ethologic and biocoenotic analyses of the stocking of insects in an apple orchard located in the Paris area This 

orchard was undergoing practically no more cultural interventions This study shows the influence of the environ- 


ment (ecotone notion) on the stocking The consequences of the “natural equilibrium" on fruit production are 
described 
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24 countries 
in minutes! — 


Derwent Publications introduces the world’s fastest 
and most comprehensive information service on patents. 


Now that patent specifications filed ın Japan 
and many European countries are published so 
rapidly, they are replacing conventional trade and 
scientific Journals as sources of information 
on new 1deas and latest developments Also, they 
provide advance information on related patent 
applications which will be published much later 
by the United States and United Kingdom patent 
offices 


This new interest in patents has intensified the 
need for a simple international patents Journal 
wherein the whole of the patent literature of the 
World can be scanned, and items of interest 
followed up, 1n a unified system 


From January 1974 Derwent will be providing 
a new integrated service - World Patents Index - 
which will completely meet this need 


Each week computer-generated and phototypeset 
WPI covering all subjects will give fully indexed 
information on over 12,000 patents published 
4-5 weeks earlier in 24 major countries In a 
single gazette WPI will contain indexes which 
will allow in a matter of minutes searching by 
patentee, subject matter and keywords and will 
identify families of patents 


Back-up information for WPI in the form of 
English language abstracts for chemical subjects 
1s provided by the highly successful Central 
Patents Index, operative since 1970 A companion . 
e 
e. 


ue, 





service for non-chemical subjects - General 
Patents Index - will commence at the same time as 
WPI Each week GPI will publish, in book and 
card forms, abstracts plus drawings, available for 
convenience in three separate sections - General, 
Mechanical and Electrical 


Additional services to subgcribers include 
High speed central bureau patent searches 
Selective monitoring by subject, country 
or patentee 
Copies of patent specifications on request 


No other source is able to provide patents 
information of such depth, accuracy and speed 
Furthermore, the many advantages of these 
outstanding services can be obtained for a really 
economical subscription equivalent to only a few 
pounds a week 


Towards the end of November, samples of WPI 
and GPI will be available for you to evaluate without 
obligation and completely free of charge 


Write now (quoting DM) for brochure, giving 
full details of these services and subscription 
rates, and for the free samples 


Derwent Publications Ltd., 


Rochdale House, 128 Theobalds Road, 

London WCIX 8RP, England Telephone 01-242 5823 
Telex 267487 Cables DERWENTINF, LONDON 

A part of The Thomson Organisation 


 && "World leaders in patents information. | 





Volume 245 
OCTOBER 12 1973 


\TURE : 






Will India be the Sixth Country ? 


. the capacity to do so". 


Fon many years Indians have been deeply troubled by the 
question of whether or not to possess nuclear weapons. 
It will be recalled that it was India, through Prime Minister 
Nehru, who first proposed, in 1954, to the United Nations 
that there should be a standstill on weapons tests, and this 
set in motion the long chain of events that led to the 
Partial Test Ban Treaty. In 1957 Nehru declared: "We 
are not interested in making atom bombs, even if we have 
By 1964, Indian nuclear science 


" had developed to the state that Prime Minister Shastri 


N 


could say: “We have the capability of developing nuclear 
weapons, but we stand committed to use atomic energy 
only for peaceful purposes”. And yet doubts remained 
that India could forever stay out of the nuclear club. There 
were clear signs that she was keeping certain options open 
when she refrained from signing the Non-Proliferation 
Treaty. 

Within the past year there have been one or two ex- 
changes in the Indian Parliament which suggest that some- 
thing new is about to emerge. Interest in the use of 
peaceful nuclear explosions is sufficient for Mrs Gandhi to 
be able to say that India is now studying the feasibility of 
nuclear detonations for peaceful purposes. Copper-ore 
extraction by blasting could be the first experiment. 

There is not a shadow of doubt that India is technologic- 
ally capable of developing a nuclear bomb. There is a 
thriving programme for nuclear power generation includ- 
ing a power station being built in Madras which is of pre- 
dominantly Indian design and construction. Fissile 
material presents no major obstacle as there is a good 
domestic supply of uranium and thorium. Plutonium 
production from the Madras power station will be sub- 
ject to no safeguards. Thus, conditions in the near future 
will be ideal for the development of a nuclear explosive. 

Can it be simply a peaceful device? Once the primary 
skills of designing a nuclear device have been mastered 
and the device tested in peaceful operations, it would be 
foolish to suppose that bombs cannot be made without 


further testing. Since both fission and fusion devices 





; have made more sense. 


could be used in any extended programme of nuclear 
explosive engineering, there does not seem to be any 
reason why India could not develop quite an extensive 
armoury under the peaceful purposes umbrella. At pre- 
sent there are delivery problems but in the next few years 
an extensive space programme could easily provide a 
suitable vehicle. 

The omens are not good. If India really wanted to use 
nuclear explosives purely for peaceful purposes, a well 
publicised approach to the Soviet Union (the most 
advanced nation in this technology) for assistance would 
The provision of explosives by 
he Soviet Union would have required a variance of the 
Non-Proliferation Treaty, but this might not haye proved 


d difficult to. get. 







What inhibits a. full scale military nuclear programme 
er under | *peaceful' auspicés or not? Cost is the 
ue. HERE. € countries which have had a 


nuclear weapons programme have found the economic 
impact a strain. There is little doubt that £1,000 million, 
at least, would be necessary for the most elemental force, 
and the Indian Gross National Product is only £20,000 
million. One study, by the United States Arms Control 
and Disarmament Agency, labelled any attempt by India 
to go nuclear as "economically disastrous". 

Even without the dreadful financial burden that nuclear 
weapons development would impose on India, there are 
many who believe, for strategic reasons, that India should 
not get herself embroiled in nuclear armament. There 
must be the strongest possible doubts that nuclear weapons 
could alter the military status of the country. Although 
the target is clearly China at present, there would be little 
value in a few nuclear weapons against a country so dis- 
persed, and one can only imagine that nuclear weapons 
would be used in battleground situations on the borders 
and against a small number of military installations. It 
is difficuit to see how India could win such an exchange 
and it would be better were she not to create a situation 
in which it could arise. Further, proliferation by India 
would be a positive step towards proliferation by several 
other countries. 

One of the neatest and most thought-provoking of 
epigrams is due to Meister Eckhart: "The greatest power 
available to man is not to use it”. It is distinctly appro- 
priate to the nuclear age and highly relevant to India, 


This philosophy of “we can but we will not" has played- © 


a major role in preventing the spread of nuclear weapons 
to India in the past. One must hope that those who hold 
to a policy of self-restraint do not let their guard slip. 





100 Years Ago 





CANADA is doing its part toward the exploration of the Great 


West. Besides the surveying parties out on the route of the 
Pacific Railroad, it has special parties in the field in connection 
with the Geological Survey and the Boundary Commission, 
Mr. Selwyn, F.G.S., Director of the Survey, and Mr. R. Bell, 
F.G.S., are at work on the great regions watered by the North 
Saskatchewan, and Mr. Richardson on the other side of the 
Rocky Mountains in British Columbia, Mr. G. M. Dawson, 
Associate of the School. of Mines, Geologist of the Boundary 
* Commission, has just completed a survey of the Lake of the 
e e oods and its neighbourhood, and is now exploring the plains 
westward of Pembina, All these parties are provided with the . 
means of making collections in the botany and zoology of the 
regions explored. e * E 


From Nature, 8, 497, October 9, 1873. 
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Problems of Predicting Future World Trends 
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Ir the trends in world population and 
economic activity continue into the 
distant future as they are at present, 
they may run into a limit some time in 
the next century, set by the Earth's 
presumed inability to provide the food, 
energy and materials that will be needed, 
or to cope with the volumes of pollution 
that may be created. 

In the time since Professor Meadows's 
Limits to Growth was published, the 
MIT Group's assumptions, methods and 
conclusions have been discussed ex- 
haustively by many contributors to the 
ensuing debate, and especially in the 
two outstanding works, Study on Limits 
to Growth by the World Bank, and 
Thinking about the Future by the 
Science Policy Research Unit of the 
University of Sussex. One must 
ask about the implications for the 
policies of governments; and from this 
point of view the projections of disaster 
derived from the model were surely 
made in the hope that they will be self- 
defeating prophesies: ignore them and 
they may come true; but act to ensure 
that they prove false. 


The projections of disaster 
were surely made in the hope 
that they will be self-defeating 
prophesies 


The model in its present prelimfnary 
state, however, could not possibly be 
a useful guide for ‘policy-making. 
Several of*the assumptions built into 
it are not demonstrably realistic and 





In this article, Sir Alan 
Cottrell, Chief Scientific 
Adviser to the British 


Government, examines some 
of the problems facing 
governments when they 
attempt to take into con- 
sideration, for policy pur- 
poses, predictions of the 
future such as have been 
made recently by several 
groups 


could not be, in view of the gross 
inadequacy of world data for many of 
the factors that enter the analysis. We 
know too little, for example, about the 
potential food-producing capability of 
various lands, or of the economic and 
ecological problems of bringing virgin 
lands under cultivation. Again, the 
model does not give sufficient weight 
to the resourcefulness and technical 
ingenuity of mankind in overcoming 
material problems. Of course the in- 
vention and publication of world 
models, for the purpose of making self- 
defeating prophesies, may in itself be 
the latest and most sophisticated phase 
in the evolution of man’s ability to 
adapt himself to and survive his 
conditions. 

Not surprisingly, energy has come, 
since Limits, to occupy an increasingly 
more central place in the debate and, 
although it will be challenged there by 
food, if the growth in the world’s popu- 
lation expected to occur in the next 30 
years were to continue after then, it must 
be remembered that the achievement of 
higher food yields will itself depend 
largely on the increased application of 
energy, for example in the provision and 
distribution of fertilisers. 

While governments must of course 
react to real, specific and immediate 
problems such as these, the generalised 
long-term projections of future world 
trends are too*uncertain at present to 
form a basis fgmaction by governments. 
But they are nevertheless too important 
to be left in an uncertain state, especially 
as the evolution of effective courses of 
action and, still more, of an endorsing 


public opinion, could not occur over- 
night. Governments are beginning to 
recognise the need for a reliable and 
agreed foundation of natural knowledge 
in this field, which the science of the 
world's future has hardly begun to pro- 
vide at present. This last point has been 
emphasised recently by Sir Kingsley 
Dunham in his Presidential Address to 
the British Association, when he said 
that "the identification of all the com- 


, ponents of the life support systems upon 


which we depend, the investigation of 
their dynamic inter-relationships and 
the prediction of the effects of changes 
in one sector on the system as a whole 
are scientific objectives of far more than 
academic interest." 

The factors of ignorance are enormous 
here. Large tracts of land are still 
uncultivated, particularly in Africa and 
South America, but it remains very 
unclear whether the botanical and geo- 
graphic obstacles to their cultivation can 
be overcome. The best national yields per 
unit area of various crops can be some 
two to four times the world average, 
and experimental yields higher still, but 
much further study of the distribution 
of soil types and climatic conditions is 
needed before even scientific questions 
about the rigidity of these differences 
can be answered, quite apart from the 
economic aspects of the provision of 
fertilisers, insecticides and water, or of 
the distribution of food. Fish farming 
is in its infancy, but the separation of 
sunlight and nutrients, which keeps the 
oceans in a basic condition of low bio- 
logical productivity, sets some technical 
problems the solution of which on a 
large scale seems extremely doubtful. 


On pollution there is a lack 
of the data necessary to make 
firm and convincing projec- 
tions 





As regards mineral resources, although 
there is no ignorance of their measured 
reserves—some of which are not 
enough to last more than a few decades 
on present estimates—we have little 
knowledge of the extent of the low- 
grade or less accessible deposits upon 
which the world will be dependent in 
the future, On the question of pollu- 
tion also, there are now some good 
mathematical models of the course and 
scale of various environmental effects, 
but there is generally a lack of the 
detailed and complex data necessary to 
make firm and convincing projections 
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from those equations We are also 
quite ignorant of the effects, even on 
ourselves, of exposure to various 
amounts of pollution, of the thresholds, 
1f any, below which there are no effects, 
or of aggravation at higher exposures 
In particular there 1s a most difficult 
but important challenge to establish 
reliably the effects at low concentrations 
of the most widespread and persistent 
pollutants 

Moreover, all this 1s chiefly a scientific 
ignorance, an ignorance of the basic 
physical, chemical and biological facts 
about the capacity of our planet It sets 
a huge scientific task, to provide in a 








On the world scale, popu-* 
lation growth undoubtedly 
deserves the highest priority 
for study 








complete and irrefutable form the 
knowledge that will be needed as a basis 
for public action The Limits study has 
been a benefit here, ın exposing the 
need for more and better empirical data, 
as well as stimulating research into the 
systems analysis of future world trends 
A lot of work is now being done on 
many of the issues that have been so 
raised by both private and publicly- 
supported groups in various countries, 
especially in Europe, America and Japan 
The United Nations Organisation and 
its Agencies are making various studies 
and will hold its World Population Con- 
ference in 1974 The Eufopean Econo- 
mic Commission has recently proposed 
to examine the trend of European 
development thirty years on, covering 
key sectors of society, to provide useful 
data for policy-making An Inter- 
national Institute for Applied Systems 
Analysis has now been set up in Vienna, 
in which the United Kingdom partici- 
pates through the Royal Society 

In fostering our own research efforts 
in the United Kingdom, it ıs 1mportant 
of course that the emphasis should take 
account of the wider activities and the 
contributions that we can make as well 
as reflect our own particular interests 
On the world scale, population growth 
undoubtedly deserves the highest 
priority for study There 1s a continuing 
need for more accurate projections of 
the growth and geographic distribution 
of world population, and for a clearer 
understanding of the social and eco- 
nomic forces which influence its rate of 
change Again, there ıs no need to 
emphasise the importance of studies of 
world food needs and yields The main 
focus here is the UN Food and Agri- 
culture Organisation which 1s examining 
the longer term trends in its Perspective 
Study of World Agriculture. Develop- 
ment, results from which should start 
to appear after 1974 


The United Kingdom of course shares 
with many other countries a great 
interest in local and world trends in 
energy supplies, and the government has 
accepted that in this, and other fields, 
1t 18 important to extend to long time 
scales the analyses of availabihty and 
consumption of resources that are made 
by its departments in the course of their 
normal work, as well as to coordinate 
these interdepartmental studies so that 
the products of the analyses may be 
used effectively Divisions of the De- 
partment of Trade and Industry con- 
cerned with energy and raw materials 
periodically investigate their future 
availability, and the data derived from 
long-term energy projections are used 
in general studies of long-term trends 
by the Systems Analysis Research Umt 
of the Department of the Environment 
There are contacts here with similar 
groups examining energy problems in 
other countries and international 
organisations, as well as with the work 
of the OECD and EEC Energy Com- 
mittees, of which the United Kingdom 
1s a member 

In Limits, natural resources were 
lumped together into a single aggregate, 
but we need better estimates of future 
availability of individual major re- 
sources at various Jevels of cost, and to 
take account of the prospects for sub- 
stitution and conservation through re- 
design, recycling and other technical 
changes In this vast field of largely 
unknown factors it will obviously be 
sensible to identify and focus on those 
resources likely to be 1n shortest supply 
and for which economic substitutes are 
most doubtful This 1s an area of direct 
interest to the United Kingdom A 
study of the long-term availability of 
material resources, with special refer- 
ence to the position of the United King- 
dom, 1s thus being made by a Joint unit 
of the Department of Trade and 
Industry and the Atomic Energy 
Authority Again, the results will be 
used in the modelling studies of the 
DOE Systems Analysis Research Unit 








Resources necessary to keep 
pollution permanently at a 
safe level are well within the 
means of industrialised coun- 
tries 








On pollution, the position taken in 
Limits has been severely criticised ın the 
literature and there is little doubt that 
the diversion of resources necessary to 
keep pollution permanertily at a safe 
level—given the scientific knowledge 
necessary to define thf$ competently— 
1s well within the means of industrialised 
countries But it remains a field of 
great scientific challenge, and the DOE 
together with other departments and 
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the research councils 1s sponsoring a 
large research programme, which in- 
cludes scientific investigations into the 
effects of various pollutants on health 
and the environment, as well as eco- 
nomic analyses of the costs of control- 
ling pollution Particular attention 1s 
being given to quantitative studies of 
the pathways and effects of pollution, 
as well as to the costs of reaching and 
holding agreed standards of environ- 
mental quality in the presence of rising 
output and consumption The import- 
ance of more accurate and complete 
monitoring of pollution levels and of 
the effectiveness of controls 1s now fully 
recognised The results of these efforts, 
while intended to be applied directly 
to policies for the control of pollution, 
should also provide better data for 
models of the ecological aspects of 
world trends 

Technological change is, by its very 
nature, one of the most chancy factors 
to project into the future, but it would 
be as rash to ignore its contributions 
as to bank on their power to rescue 
the world from all future material 
difficulties A lot can be done, however, 
in analysing costs and time scales of 
substitutions for various resources 
Problems of this kind are being studied 
in government departments, as well as 
in industry and the universities 








Technological change is, by 
its very nature, one of the 
most chancy factors to pro- 
ject into the future 








To pull these various studies together 
and to determine how the different 
effects interact with one another, overall 
models of the future trends have to 
be made, as was demonstrated by the 
MIT Group Dynamic modelling is a 
way to take account of the many, 
diverse and inter-related factors that 
determine future trends and so do justice 
to the complexity of the problems The 
DOE Systems Analysis Research Unit 
1$ working on such models, using data 
from the other studies and outside 
sources But it may be beyond the 
scope of any one group, or even country, 
to provide results quickly, comprehen- 
sively and reliably, especially as the 
early work in this field has pointed up 
the paramount importance of a 
thoroughly scientific and — objective 
approach to the matters under con- 
sideration Fortunately, however, it 1s 
a field ın which the work of different 
groups can contribute constructively to 
an overall total progress By the efforts 
Just described, the United Kingdom 
should reach a position where it 1s not 
merely willing, but also equipped, to 
play its part in wider international 
studies as and when these emerge. 


282 


OLD WORLD 


Dual Support System Questioned 


THE dual system of supporting research 
in Britain comes in for close analysis in 
the Social Science Research Council 
annual report published last week (SSRC 
Annual Report, HMSO, £0 47). 

Professor R C O Matthews, the 
councils chairman, argues that the dual 
system, where research funding comes 
from both research councils and the 
University Grants Committee, 1s, 1n its 
present form, limited ın its usefulness 
In particular, the system has its draw- 
backs when a particular area of research 
needs a stimulus The usual procedure 1s 
to make ıt known that applications in 
the appropriate field will be looked 
on with favour But such a system, 
says Professor Matthews, 1s contrary to 
the dual support system in that uni- 
versity research grants from a research 
council should not i normal circum- 
stances pay for the salary of the 
principal investigator or pay for 
buildings The councils can pay for 
senior research officers but the “absence 
of tenure makes such appointments un- 
attractive to those who are able to 
secure university teaching posts” 

The nub of Professor Matthews's 
argument 1s that shortage of finance for 
ancillary facilities or research staff at 
the relatively junior level may not be 
the chief obstacle to expansion of 
research in a particular area “Where 
this 1s so, announcement that research 
grant applications in the area will be 
welcomed may not be very effective in 
promoting an expansion of research in 
it" 

The report also raises the problems 
which will be caused by the differing 
rates of expansion of the science vote 
(not more than 3% a year im the next 
five years) and the rate of expansion of 
the universities’ recurrent expenditure 
(525% a year) The dual support system, 
argues Professor Matthews, will not be 
put under any undue strain 1n the next 
quinquennium, because of the tightness 
of university budgets The research 
councils will have to continue to support, 
for as long as they last, research pro- 
grammes which previously a university 
would have been expected to take over 
after an initial period 

Finance from the UGC, says Profes- 
sor Matthews, 1s geared to teaching 
needs and "research emerges to a large 
extent as a byproduct of teaching" „And 
this 1s likely to become more pronounced 
in the years ahead ` 

Another side effect of the dual system 
of support is that expansign 1n particular 
disciplines will be tied to an increase of 


students 1n that discipline because UGC 
finance is directly related to student num- 
bers Thus student preferences, argues 
Professor Matthews, will have an influ- 
ence in the long term on the areas in 
which research 1s carried out 

Professor Matthews also argues for 
the rate of increase of the Social Science 
Research Council budget to be kept well 
above the 3% overall increase in the 
science vote Rates of growth of differ- 
ent subjects can only be expected to be 
similar if there was equilibrium initially, 
but as the SSRC at present only receives 
2% of the total vote a strong case can be 
made for increasing it to at least 4% 

The expansion of the science vote and 
the UGC budget in different areas could 
well lead to a gap opening up between 
the numbers of postgraduate places 
available at universities and the student- 
ships available to fill these places. 

This real fear has, in fact, been recog- 
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nised by the Advisory Board of the 
Research Councils which has set up a 
Joint committee with the UGC to keep 
these matters under close attention But 
as far as the SSRC 1s concerned there 1s, 
at present, no worry about a divergence 
of views between it and the UGC Pro- 
fessor Matthews says that the views of 
the SSRC and the UGC are closely in 
line and that the SSRC intends to ın- 
crease the numbers of studentships avail- 
able” at no less than the percentage rate 
at which the number of places im univer- 
sities 1s increasing” The only factor 
which will jeopardise this pledge 1s an 
insufficient rate of growth of its budget 

In 1972-73 the SSRC allocated £2 45 
million in research grants to be com- 
pared with £1 66 million the year before 
The council also awarded 2,343 post- 
graduate awards to a total value of 
£238 million, an merease of 180 stu- 
dents and £270,000 over 1971-72 





MARINE POLLUTION 


Deurer Petrol, Cleaner Seas 


COMPLETE elimination of intentional 
poliution of the sea by oil, chemicals, 
garbage and sewage 1s tbe aim of a four- 
week conference just started 1n London 

One new convention 1s up for dis- 
cussion, while an amendment to an 
existing 1969 agreement will allow 
countries to take action when their 
coastlines are threatened by tanker 
accidents that occur outside their terri- 
torial waters 

Proposals for the control of oil and 
chemical pollution include designing 
future tankers with separate ballast 
tanks large enough to obviate the need 
to fill cargo tanks with seawater as 
ballast for the return trip One way 1s 
to build ships with double bottoms 

For existing tankers 1t 1s planned to 
transfer to the new convention the 
agreements made m 1969 for limiting 
the amount of oily water that can be 
discharged by a tanker Other proposals 
include installing meters on tankers to 
record precisely how much oil 1s loaded 
and unloaded, qnd how much dis- 
charged on the voyage, while masters 
and owners may in future be required 
to keep oil récord books 

A further radical proposal :s that 
countries wher*tankers dock should be 
able to prosecute the owners and master 
for pollution caused on any part of the 
voyage At present, tankers can only be 
prosecuted for pollution caused in 


territorial waters 

These tough measures, if agreed, 
could go a long way towards improving 
the state of the oceans, as, for the first 
time, the convention covers chemicals 

But, as usual in pollution matters, 
there is a disagreement between the 
developing countries and the richer 
nations as to how forceful the new con- 
vention should be All these proposals 
cost money Building tankers with 
segregated ballast tanks could add be- 
tween 4% and 8% to the price , 

Further complicating factors are the 
need for several countries to ratify these 
conventions before they come into 
operation The 1969 amendments to 
the 1954 Convention for the Prevention 
of Pollution of the Sea by Oil have 
still not been ratified by enough coun- 
tries for them to come into effect 

In addition, the United Nations Law 
of the Sea Conference planned for 
Santiago or Vienna next year may pre- 
clude any real decision being taken in 
London this month It has already 
been agreed that decisions taken at 
this meeting. will not prejudice next 
year's conference And as a number of 
developing countries, notably the Latin 
Americans, will be pushing for 200 mile 
patrimonial seas and for the right to 
set their own pollution standards in 
these waters, it is possible that hard 
decisions could be deferred 
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Short Notes 


Education 
OnLy 37% of Britain's expenditure on 
educational research goes on further 
education This is one of the facts 
revealed today ın a report, Resources 
for Educational Research and Develop- 
ment, published by the National 
Foundation for Educational Research 

The percentage of the total educa- 
tion budget spent on research and 
development on education in Britain 
(0 12%) 1s higher than ın some European 
countries In the United States, however, 
$250 million was spent in 1968, amount- 
ing to 031% of the total available for 
education 

The league table of sponsors of* 
research into education 1s, not surpris- 
ingly, headed by the Schools Council 
which during 1968-70 spent £609,000 a 
year on this type of research The 
Department of Education and Science 
comes next with an annual expenditure 
of £464,000 The Nuffield Foundation, 
the Social Science Research Council, the 
Leverhulme Trust, the National Founda- 
tion for Educational Research and the 
Ford Foundation complete the table of 
supporters The report points out that 
there 1s uniformity in the machinery 
within these organisations for dealing 
with applications for grants but that the 
outcomes of research applications may 
vary widely The report adds that the 
reason why applications fail to win 
approval ıs not always clear and “it 1s 
impossible to establish how decisions are 
made concerning research applications” 


UKAEA 
NUCLEAR fusion and plasma physics on 
a European scale were boosted this week 
with formal signing of a contract of 
collaboration between the European 
Atomic Energy Community (Euratom) 
and the United Kingdom Atomic Energy 
Authority 

The contract merges the authority's 
fusion work into the existing five-year 
programme of Euratom which 1s due to 
run until 1975 

The aim of the programme is to build 
large fusion experiments and finally a 
prototype fusion reactor Studies of a 
large Tokamak experiment are currently 
under way at Culham, the UKAEA's 
fusion laboratory, led by Dr Paul Rebut 
of the French Commission de l'Energie 
Atomique A detailed proposal for 
construction of the large experiment is 
likely to be put to the Council of 
Ministers 1n about a year’s time The 
cost will probably be between £10 and 
£20 million 

This week’s contract also provides for 
Euratom to pay one quarter of the cost 
of the existing British research pro- 
gramme—currently running at £17 
million over three years 

The signing of the Euratom contract 


was announced by Sir John Hill, chair- 
man of the UKAEA, introducing the 
authority's annual report Commenting 
on the recent incident at Windscale when 
34 men were contaminated with radia- 
tion, Sir John said that the accident was 
“a very small one” It was, he said, the 
sort of incident that would cause no 
comment if it occurred in an ordinary 
chemical factory 


Mercury Pollution 
THE Organisation for Economic Co- 
operation and Development has recom- 
mended that all OECD countries should 
make a concerted effort to reduce the 
discharge of mercury compounds into 
the environment The organisation has 
also called for governments to exchange 
information on mercury usage and on 
measures taken to abate pollution The 
next step according to the OECD ıs to 
attempt to obtain agreement on the 
maximum mercury levels to be allowed 
in industrial discharges or products 

Ten thousand tonnes of mercury were 
produced world wide in 1969 and the 
OECD countries produced 6695 of this 
By 1972 this output 1s estimated to have 
increased by 20% But only about 20% 
of the mercury 1s recycled 

Mercury 1s used mostly in electrolysis 
in order to produce chlorine and caustic 
soda In agriculture it is used as a 
bacteriocide and fungicide for seed As 
far as this latter use 1s concerned, the 
discharge of mercury into the environ- 
ment can be halted if some of the newer 
(mercury-free) seed dressings are brought 
into common use 


Research Spending by MAFF 
THE programmes of all agriculture, 
fisheries and food research establish- 
ments are being reviewed to highlight 
those projects which are of specific 
interest to the Ministry of Agriculture, 
Fisheries and Food The munistry’s 
first anual report on its research and 
development activities, published this 
week, reveals that public expenditure in 
this field was £40 million in. 1972-73 
Seven and a half million of that was 
money transferred from the Agricul- 
tural and Natural Environment 
Research Councils! budgets to the minis- 
try But this money has been spent 
entirely with the research councils from 
which it came, and the report reveals 
that the whole of the transferred funds 
will be spent on commissioning work 
from the research councils up to 1976 
The report also calms some fears ex- 
pressed last year when the white paper 
A Framework for Government Reseaich 
and Development was published “Com- 
missions will not be cenfined td short- 
term applied work,” fhe report states 
"Depending on the objective, they may 
embrace basic as well as applied research 
and be of any duration" 


Details of the munistry’s revised 
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organisation for fisheries research are 
given, with the information that the 
emphasis on fisheries work has changed 
during the year Entry to the EEC has 
resulted ın more work on inshore 
resources to ensure that the interests of 
British fishermen are fully protected, 
next year's law of the sea conference 
may radically change fishing limits and 
work ıs underway to predict the effects 
on the British industry of the changes 
under consideration, and work on fish 
disease, monitoring marine pollution and 
reviving the North Sea herring fisheries 
have all received a boost 


Facts and Figures 

STATISTICS released last week by the 
Department of Education and Science 
reveal that the numbers of undergradu- 
ates and postgraduates 1n British univer- 
sities have increased from 114,758 in 
1957-58 to 258,640 in 1971-72 In the 
same period the number of professors 
has increased from 1,505 to 3,487 with 
lecturers increasing in numbers from 
7,336 to 19,192 But senior lecturers 
have enlarged their ranks threefold in 
the fourteen year period There were 
6,032 of them in 1971-72, but only 1,925 
in 1957-58 


Guinea Pigs 
ANYONE interested in a ten-day holiday 
—with pay, or at least pocket-money— 
should contact the Common Cold Unit 
in Salisbury Not only is the unit pre- 
pared to feed and bed volunteers during 
their stay but travelling expenses will 
also be met, and a princely sum of 
£0 35p a day will be doled out to each 
volunteer And, believe it or not, the 
chances of catching a cold are only one 
in three The infections, if they do 
occur, according to the holiday brochure 
put out by the Medical Research Council 
“are normally minor and brief” 

It all sounds too good to be true The 
vacancies at the holiday home 1n Salis- 
bury are in October If any reader feels 


that the onset of the new term with 
hordes of keen graduate students 1s too 
much then the Common Cold Umt will 
be glad to provide a haven There 1s 
no reason to be lonely, for volunteers 
are put up in "comfortable well-heated 
flats—in pairs or threes" 





Nature in 1974 


As from January 1974, Nature will 
be published once a week, as 
announced on August 17 (Nature, 
244, 381) The subscription will be 
£22 1n Britain and elsewhere except 
United States and Canada where it 
will be £28 New orders placed 
before the end of the year, however, 
will be accepted at this year’s prices 
of £16 and £20 respectively 
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Brighter Outlook for Technology Assessment 


by our Washington Correspondent 


THE fortunes of the hapless Office of 
Technology Assessment (OTA), which 
has been afflicted for more than a year 
by Congressional footdragging and 
bizarre strokes of bad luck, brightened 
a little last week It 1s now likely that 
the office could even be 1n business by 
the end of the year But even so, it will 
end up with only about half the money 
that its backers originally wanted, ıt will 
not be able to get down to much serious 
work before next summer, and it still has 
a few dangerous waters to negotiate 

The one bright spot 1s that a com- 
promise is understood to have been 
reached last week on a matter which, 
although entirely unrelated to the OTA, 
has been holding up funds for the office 
and even threatening to torpedo it en- 
tirely The matter in question ıs the 
west front of the Capitol building 

It was, 1n fact, exactly a year ago that 
Congress decided to give itself some 
badly needed technological expertise by 
passing a bill to establish the OTA 
Designed to provide analysis and advice 
to Congress on issues and legislation 1n- 
volving science and technology, the office 
still has no funds, and therefore no 
director and no staff—in other words, 1t 
still does not exist The problem ıs that 
although the OTA bill was passed a year 
ago, a separate vote is required to pro- 
vide money for the office, and so far 
attempts to tack OTA money on to 
appropriations bills have been spectacu- 
larly unsuccessful 

The first such move came last 
summer, when Senator Edward M 
Kennedy managed to get the Senate to 
agree to put $289,000 into the supple- 
mental appropriations bill—a bill pro- 
viding money to a variety of agencies 
for the 1973 financial year (which ended 
on June 30) But there was no money 
in the House version of the bill and the 
conference committee got bogged down 
over another matter, namely a provi- 
sion ın the bill forcing President Nixon 
to stop bombing Cambodia Eventually, 
the bill was passed with only a couple 
of weeks of the financial year to go, and 
the OTA funding had been dropped 
because, 1t was argued, there was not 
enough time to spend it wisely 

Undaunted, OTA’s supporters turned 
to the appropriations bill which pro- 
vides funds for Congressional activrties 
10 the 1974 financial year, and they again 
ran into trouble The Sen*te version of 
the bill contains some $3 9 million for 
OTA. but the House version contains 


nothing, and the matter has been em- 
broiled in another longstanding dispute, 
this time over the crumbling west wall 
of the Capitol In short, the House bill 
contains money to extend the wall to 
make room for more offices, while the 
Senate version contains money simply 
to restore the wall It was feared that 
the OTA money would get lost 1n trade- 
offs ın the conference committee, but 
the Congressional leadership has 
apparently now come to an agreement 
on the west front and it 1s hoped that 
a final version of the bill can be passed 
and signed into law by early November 

In any case, the OTA funds will be 
reduced by at least a third, since the 
financial year will by then be four 
months old And that would give the 
office only half of the $5 million origin- 
ally envisaged for its first year of opera- 
ton It will, however, allow a director 
and some staff to be appointed Emilio 
Q Daddario, the former chairman of 
the House subcommittee on Science, 
Research and Development, is still a safe 
bet as director 

Once OTA 1s off and running, one of 
the first items on the agenda will be the 
appointment of an advisory committee 
to provide policy guidance, and panels 


of outside experts to study some specific 
problems Energy research and develop- 
ment, food technology, ocean resources 
and solid waste disposal are among the 
items being considered for the panels 
to study 
The office already has a 12-member 
board, consisting of six Senators and 
six Congressmen, to establish policies 
and provide control over its activities 
Kennedy has been elected chairman of 
the board, and John Davis, a congress- 
man from Georgia who succeeded 
Daddario as chairman of the subcom- 
mittee on Science, Research and Devel- 
opment, ıs the vice-chairman It has, in 
fact, been rumoured that part of the 
OTA’s financial troubles have been due 
to Kennedy’s connection with the enter- 
prise—essentially, the reasoning 1s that 
some Congressmen are reluctant to pro- 
vide him with another power base from 
which to launch a possible Presidential 
bid But Congressional staff members 
concerned with the OTA, in both the 
House and the Senate, have rejected 
such an assertion Whatever the truth 
of the matter, the delay has certainly 
diminished Kennedy’s influence because 
his term of office expires at the end of 
next year 





NIH 


Victory or Vetoes 


by our Washington Correspondent 

Ir 1s now almost certain that President 
Nixon will veto the appropriations bill 
which contains money for the National 
Institutes of Health, when 1t eventually 
emerges from the Congressional mill. In 
June, the House of Representatives 
added some $1,300 million to Nixon's 
budget request for the departments of 
Labor and Health, Education and Wel- 
fare (HEW), and last week the Senate 
approved an even larger amount—it 
added $1,800 million to the president's 
budget Thus, when a conference com- 
mittee has sorted out the differences in 
the two versions of the bill, Congress 1s 
sure to end up voting at least $1,500 
million more than Nixon wants to spend 
Although the talls were passed by 
large margins—347 votes to 58 in the 
House and 79 votes to 9 in the Senate— 
it 18 quéstionable whether supporters of 
the bills could, puster the two-thirds 
majority needed to override a presiden- 
tial veto in "both the House and the 
Senate Last year, for example, Nixon 
twice vetoed HEW appropriations bills 


that had been passed overwhelmingly, 
but several Republicans bowed to White 
House pressure, voted to sustain the 
vetoes, and tipped the balance 

In any case, the bill passed Jast week 
by the Senate would add huge helpings 
to the plate of the National Institutes of 
Health—it contains $1,882 million for 
the research institutes of NIH, which 1s 
some $350 milhon more than the 
Administration wants to spend, and 
$140 million more than the House voted 

Even 1f the bill is not vetoed, or if the 
veto is overridden by Congress, the 
Administration could simply do what it 
has done in the past few years—refuse 
to spend the extra money A court suit 
filed last month by sixteen organisations, 
headed by the National Association for 
Mental Health, two states and fifteen 
1ndividuals, could, however, tie 1ts hands 
in that respect The suit charges that 
the Administration. acted illegally last 
year in refusing to spend some $126 
million voted by Congress for mental 
health and alcoholism programmes If 
the Administration loses the case, it 
would be forced to release the money 
immediately, and ıt would probably not 
be able to impound funds 1n the future 
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Swine Vesicular Disease and Coxsackie Infection 


THE appearance of swine vesicular disease im England 
in December 1972 caused much concern because of its 
similarity to foot-and-mouth disease in pigs A 
differential diagnosis was achieved in a few days, largely 
owing to experience gained at the Animal Virus Research 
Institute, Pirbright, during a short-lived outbreak in Italy 
ın 1966 and a later series of outbreaks in Hong Kong 
during 1971—72 In the earlier outbreaks, the virus was 
identified as an enterovirus which differed from other 
members of the group already found in pigs both sero- 
logically and 1n its ability to infect baby mice Its rela- 
tionship to enteroviruses of other species, including man, 
was not investigated at that time although 1t 1s realised 
that its properties were like those of the Coxsackie group 

Two communications ın this issue of Nature (see pages 
314 and 315) continue the story Graves at the Plum 
Island laboratory has carried out exhaustive cross- 
neutralisation tests against Coxsackie antisera and has 
found a strong link between the swine virus and Coxsackie 
strain BS At Pirbright, Brown et al have found by 
immunodiffusion tests that the two viruses, although 
sharing a common antigen, possess also an antigen specific 
to each 

These findings pomt to an interesting relationship 
between Coxsackie infection m man and swine vesicular 
disease Neither in the laboratory at Plum Island nor 
at Pirbright has overt disease been produced in pigs 
inoculated with Coxsackie B5 virus At Pirbright and 


1n at least one other laboratory, however, several research 
workers handling swine vesicular disease virus became 
i] with clinical signs like those of Coxsackie B5 infection 
Using the tests described by Brown et al , these infections 
have been confirmed as being caused by swine vesicular 
disease virus It ıs interesting, however, that no cases 
were reported in the field among staff dealing with the 
outbreak of the disease ın Britain 

This mterrelationship between the two viruses prompts 
speculation that the origin of swine vesicular disease 
might he in some such sequence of events as has been 
put forward to account for the appearance of new human 
strains of influenza which may have been derived from 
infection in swine In the case of swine vesicular disease 
it seems possible that inapparent Coxsackie B5 infection 
may have taken place in swine and that suitable conditions 
have arisen for the development of a strain of virus 
which produces overt disease in swine but has a lower 
infectivity for man 

This relationship between Coxsackie B5 and swine 
vesicular disease seems to be yet another illustration of 
the interspecies transfer of a virus Such findings should 
stimulate interest in the relationship ‘between viruses 
within a single taxonomic group but which affect different 
species with a variety of clinical manifestations A study 
of these interrelationships may lead to a better under- 
standing of the whole question of virus/host mteraction 

From a Correspondent 


Iniraplate Earthquakes—Thrusting Everywhere 


THERE cannot be a reader of Nature who doesn’t know by 
now that earthquakes mark boundaries between the rigid 
plates which cover the Earth's surface Yet there are still 
a few earthquakes which do not lie on or near these bound- 
aries , for instance, in Eastern North America there have 
been large quakes in historical times, Australia and India 
have recently suffered extensive damaging quakes and even 
Britain every few years experiences a modest jolt Instru- 
mental recordings point to several quakes a year in the 
oceans away from plate boundaries What can be learnt 
from these events? 

Sykes and Sbar of Lamont-Doherty Geological Observa- 
tory, New York, report in this issue of Nature (see page 
298) on a comprehensive study they have recently made of 
about eighty intraplate earthquakes globally distributed 
Using techniques for determining focal mechanism which 


were highly successful in the late nmeteen sixties ın helping . 


to establish plate tectonics, the authors have been able to 
determine the pattern of displacement of the rocks ın the 
vicinity of the seismic source at the time of the earthquake 
These patterns are quadrantal distributions of movement 
towards and away from the observer depending on the 
orientation of the fault plane and slip vector 

A global plot of these would yield pure confusion for the 
following reason If a rod 1s subjected to extreme tension 


or compression fractures would appear by earthquake-type 
processes, but the orientation of the fault-plane would be 
controlled very strongly by preferred planes of yielding 
The only thing that can be said with some certainty 1s that 
the normal to the fault surface will be roughly at 45° to the 
axis of maximum tension Thus from a wide variety of 
focal mechanisms that the rod would display one should 
expect to see a consistency 1n the tension or compression 
axis—an axis which ıs easily deduced from the focal 
mechanism Sykes and Sbar have deduced from their 
analysis that a large majority of the quakes that they con- 
sider have a horizontal compression axis This 1s a very 
important result indeed and confirms work on separate 
earthquakes in the past year or two and also measurements 
of in situ stress that have been made by stress gauges in 
a few places Furthermore the axes of the ambient com- 
pression for adjacent observations seem to be quite con- 
sistent, rmplying (in the absence of aliasing) that there are 
broad scale patterns of compressive stress over the Earth’s 
Surface + 
5 It 1s tempting to try, and go on from these observations 
fo understand more about the forces driving plates This 
1s å problem for which no clear solution 1s yet ın sight 
Plate tectonics was conceived as a kinematic medel of 
motion and a dynamical explanation which produces 
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broad agreement in the geophysical community has yet to 
be proposed The gravitational effect of sinking slabs, 
pressure effects from mid-ocean ridges, deeper convective 
patterns as manifested either by broad scale motions or 
by narrow plumes are all under study, but the nut 1s a tough 
one Sykes and Sbar look at these processes and compare 
their results with the 1mplications of separate processes 
In no case 1s there anything like good agreement, so they 
refrain from coming down in favour of any one explana- 
tion Instead, they have provided geophysicists with a 
new and powerful constraint on dynamical models of plate 
tectonics, and 1n the long run this ıs probably more ım- 
portant DD 


Antigens on Trophoblasts 


MODERN immunology has more than its share of riddles 
and paradoxes, and one of the most intriguing of these 
is the failure of the mother immunologically to reject her 
foetus, in spite of the fact that they have—in outbred 
animals and humans—a relationship that 1s biologically 
akin to that of an allograft and its host The solution to 
this puzzle 1s important for reasons which go beyond 
satisfying simple immunological curiosity for one thing, 
an understanding of the methods nature uses to prevent 
foetal-allograft rejection could go a long way in helping 
to solve the reyection problem which plagues the transplant 
surgeon 

Inevitably, an array of explanations has been put for- 
ward, these include depressed maternal immune respon- 
siveness, immunological ‘enhancement’ mediated by serum 
blocking factors, placental barrier function and weak 
foetal immunogenicity None of these theories, however, 
commands wide general acceptance 

The presence of antigens on trophoblast cells 1s a case 
in pomt It 1s known that the mother can, and often does, 
make antibodies to some of the alloantigens of her foetus 
even though maternal and foetal circulations are entirely 
separate To resolve this problem much attention has 
been paid to the trophoblast layer of the placenta as it 1s 
the only location where there 1s mutual surface contact 
between maternal and foetal tissues Hence the special 
interest in the subject of antigens such as histocompati- 
bility or blood group antigens on trophoblast cells In 
short, 1s the trophoblast immunologically neutral or can 
it sensitise the mother to histocompatibility and blood 
group antigens? Most studies have been negative in 
detecting histocompatibility antigens on trophoblast cells, 
but enough have been successful to keep the issue continu- 
ally embroiled ın controversy One popular notion 1s 
that antigens on trophoblast cells are ‘masked’ by a thick 
sialo-mucinous glyocalyx The experiments ın which 
this cell coat has been enzymatically removed with 
neuraminidase have not, however, yielded consistent evı- 
dence of the exposure of antigens 

On page 329 of this issue of Nature, Loke and 
Ballard address themselves to the problem of blood group 
antigens (type A) on human trophoblast cells The authors 
use three different techniques to try and detect such anti, 
gens first, a mixed agglutination method using tropho- , 
blast cells coated with anti-A serum and group A re 
blood cells, second, an afitiglobulin method using group 
A red cells afid trophoblast both being coated with anti-A 
with a rabbit anti-human globulin acting as a cross-linking 
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bridge molecule, and, third, an electron microscopic 
method using a coating of ferritin-labelled anti-human 
globulin antiserum on cells previously incubated with 
anti-A antiserum The second method yielded an un- 
equivocally positive result and the third, though permit- 
ting some visualisation of ‘A’ antigens, suggested they 
were present in small amount or density Loke and 
Ballard speculate that, because the surface density of 
antigens on trophoblast cells is low and their spacial 
topography such, only very sensitive methods will be 
successful in their detection Low antigen density (or 
antigen inaccessibility) may result in insufficient antibody 
being taken up to form stable bridges directly with the 
indicator cells in the mixed agglutination method Addi- 
tion of another link introduced in the form of an anti- 
globulin, however, results 1n visible agglutination between 
trophoblast cells and 1ndicator red cells 

The question now 1s what, 1f anything, is the biological 
importance of low antigen density on trophoblast cells? 
Loke and Ballard suggest that since antigenic density of 
target cells may be an important factor in the phenomenon 
of immunological enhancement, the fixation of antibody 
on surface antigens which are sparsely distributed may 
lead to a ‘blocking’ or enhancing effect, thus helping to 
ensure survival of the foetus As with so many biological 
problems for which there are various and conflicting 
solutions 1t seems that none of them will prove uniquely 
to be correct From a Correspondent 


Cosmological Coincidences 


Two cosmological coincidences are discussed by Cavallo 
on page 313 of this issue of Nature One of them ıs the 
Dirac relationship between fundamental constants 

It 1s well known that in situations where well-founded 
theoretical arguments are difficult, a dimensional argument 
(f 1t leads to a unique answer at all) will give an answer 
which ıs not usually out by a large factor The reason 1s 
that nature's dimensionless numbers do not differ by many 
orders of magnitude from unity Even the sign structure 
constant (about 1/137) 1s something of an exception 

Two very striking exceptions are numbers of order 
10° One is the ratio of electromagnetic repulsion to 
gravitational attraction between two electrons The other 
1s a dimensionless combination involving Hubble’s con- 
stant (which determines the rate of the Universe's expan- 
sion and is thought to be related to its age so that the 
combination could be thought of as a way of expressing 
the age of the Universe ın “natural” units) 

The second of these numbers 1s not well enough deter- 
mined to refute the hypothesis that 1t 1s identically equal 
to the first This ıs a striking coincidence It was pro- 
posed by Dirac in 1937 that strict equality might hold 
between the two numbers and that gravity weakens to 
qnaintain the equality as the Universe gets older 

The second coincidence was expressed dramatically 
in 1969 in a paper by Hawking (Cavallo’s reference 3) 
called “Is the Universe Rotating?" It ıs not a meaning- 
less question ın spite of the rejoinder “Relative to what?” 
because rotation produces local mechanical effects — It 
ıs a coincidence that the frame of reference in which 
there are no such mechanical effects 1s the same as that 
in which the distant galaxies are not rotating around us 
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The effect of Hawking’s work was to 
exhibit the close limits in which this 
could be said to be experimentally 
known This coincidence is often 
asserted as a principle (Mach’s 
principle) and has motivated much 
cosmological research — including 
general relativity 

Cavallo proposes that to explain 
the first coincidence one should 
abandon belief in the second He 
exhibits a class of rotating cosmo- 
logical models and shows how 
Dirac’s relationship emerges in a 
natural way if the Universe ıs 
endowed with the right non-zero 
angular momentum 


The interest of this hes m a third 
coincidence, that the angular momen- 
tum which the Universe needs for the 
theory satisfies an empirical relation- 
ship elucidated by Cavallo between 
angular momentum and volume 
which seems to be satisfied by funda- 
mental particles, stars and stable 
galaxies 

The concept that our Universe 1s 
rotating is anathema to many 
astronomers, and no doubt further 
work on establishing lower bounds 
on the rotation of the Universe will 
be stimulated by a desire to refute 
Cavallo’s suggestion 

PER 





NEUROBIOLOGY 


Tweniy Years of Neurosecretion 


IN opening the Sixth International Sym- 
posium on Neurosecretion at the Royal 
Society (September 17-21) Sir Francis 
Knowles (King’s College, London) re- 
viewed the progress which had been 
reported _at previous meetings and 
developed themes which were to be dis- 
cussed in the ensuing eighty papers 

Perhaps one of the dominating themes 
of the meeting was the question of 
whether exocytosis 3s the release 
mechanism for neurosecretory neurones 
W W Douglas (Yale University Medi- 
cal School) reviewed the evidence for 
exocytosis in the neurohypophysis and 
pointed out that the tifficulty of cap- 
turing the event in electron micrographs 
may be a function of the rapidity and 
rarity of the process This argument 
was taken up agam during the meeting, 
for example, D W Lincoln (University 
of Bristol) suggested that the milk- 
ejection reflex in the rat ıs associated 
with the release of only one in a 
thousand neurosecretory granules 
Nevertheless some beautiful mucro- 
graphs of freeze-etched / freeze-fractured 
neural lobes ın which apparent exo- 
cytotic pits could be seen were shown 
by J J Dreifuss and colleagues (Unrver- 
sity of Geneva) and W B Watkins and 
colleagues (University of Auckland) 
The occurrence of the extragranular 
pool of hormone in the neurohypo- 
physis was questioned, ıt seems that the 
‘readily-releasable’ pool may consist of 
granules which are close to the mem- 
brane of the nerve endings and thus 
readily available for exocytosis 

Quite understandably a great deal 
of attention was focused on the synthesis 
and transport of the neurosecretory 
granule in what L Vollrath (King's 
College, London) referred to as 'classi- 
cal neurosecretory neurones the mam- 
malian hypothalamo-neurohypophysial 
system D Picard and collaborators 


from a Correspondent 


(Faculty of Medicine, Marseilles) pre- 
sented electron-microscopical evidence 
for the formation of granules on the 
opposite side of the Golgi from that 
producing lysosomes They also drew 
attention to evidence for a glycoprotein 
present in the periphery of the neuro- 
secretory granule This demonstration 
prompted N A Thorn (University of 
Copenhagen) to mention that his group 
had found hexosamine in a granular 
membrane fraction, and B T Pickering 
(University of Bristol) to say that glyco- 
protein was seen after polyacrylamide 
electrophoresis of neural lobes and that 
this too seemed to be preferentially 
located 1n the granular membrane This 
protein looks as if it might feature more 
prominently in the next symposium 

It is now clear that neurosecretory 
material 1s transported along the axons 
quite rapidly (about 50 mm d-!) The 
problem of the apparent slow transport 
of the minor neurophysin component 
may have been overcome by the evidence 
presented by B T Pickering and col- 
leagues that ıt may be a metabolic pro- 
duct of one of the principal proteins 
and arise ın granulo This also means 
that the rat now has two neurohypo- 
physial hormones and two neurophysins 
Evidence for the mechanism by which 
neurosecretory granules are transported 
is still sparse J Flament-Durand and 
P Dustin (Free University, Brussels) 
presented some excellent electron micro- 
graphs and autoradiographs showing 
that administration of colchicine inhibits 
transport in tbe, hypothalamo-neuro- 
hypophysial system of the rat There 
were, however, no apparent changes in 
the appearance of the neurotubules in 
the treated animals Preliminary evi- 
dence from F Graiflger and J C Sloper 
(Charing Cross Hospital Medical School, 
London) indicates that the neurones 
of the hypothalamo-neurohypophysial 
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system ın saline-stressed rats and in 
animals with diabetes insipidus may be 
richer in neurotubules than in normal 
rats It seemed to be agreed that, 
although there 1s no concrete evidence 
associating granule transport and neuro- 
tubules, no alternative hypothesis seems 
to be available at present 

In the past few years evidence for 
the existence and location of hypo- 
thalamic releasing substances has been 
largely biochemical and pharmacological 
and was reviewed by L Martini (Uni- 
versity of Milan) Vollrath pointed out 
in his concluding remarks, however, 
that the papers at this symposium 
showed that the "morphologists are 
rapidly catching up" J Barry and 
M P Dubois (Faculty of Medicine, 
Lille described the presence of cell 
bodies, scattered mainly in the preoptic 
area of guinea pigs, which react with 
antibodies to synthesise luteinising hor- 
mone-releasing factor and can be 
visualised with an immunofluorescent 
technique Axons from these cells can 
be seen projecting towards the median 
eminence where there 1s an abundance 
of fluorescent material. Similarly H 
Vullings (University of Utrecht) used 
autoradiographic methods to show that 
material incorporated in the preoptic 
nucleus of frogs is transported to the 
outer zone of median eminence and that 
the activity of this system 1s affected by 
light 

There was great interest in the report 
by C A Mason and R S Nishioka 
(University of California, Berkeley) of 
the application to neurosecretory 
systems of a technique for demonstrat- 
ing the course of neurones by ionto- 
phoresis of cobalt chloride into the cut 
ends of axons These workers have 
identified the course of the neuro- 
secretory fibres in locusts and there was 
great hope expressed by participants 
that the technique may help 1n the loca- 
tion of the cell bodies whose axons 
terminate in the mammalian median 
eminence and which probably synthesise 
releasing factors 

The establishment of the neuro- 
secretory neurone as an electrical entity 
was reviewed by B A Cross (University 
of Bristol) who has found that its bio- 
electric properties are the same as those 
of other neurones This property can 
be utilised for the identification of the 
course of neurosecretory neurones by 
the generation and recording of anti- 
dromic action potentials R G Dyer 
(University of Bristol) described how 
this technique can be used to demon- 
strate that neurones in the preoptic area 
of rats project to the median emin- 
ence and the audience was tempted to 
associate these cells with those demon- 
strated by Barry and Dubois The 
possible reJation between the electrical 
and endocrine, properties of neuro- 
secretory neurones was illustrated by 
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D W Lincoln (University of Bristol) 
who described the correlation between 
activity 1n supraoptic and paraventricu- 
lar cells and the release of oxytocin in 
suckling rats Just before such a release 
there 1s a tremendous burst of activity 
in the hypothalamic neurones 

In hts opening address Sir Francis 
Knowles mentioned the “enigmatic 
ependymal elements in the ventro- 
lateral walls and floor of the 
hypothalamus” Several contributors 
focused on these liquor-contacting cells 
which may be monitoring changes in 
the cerebrospinal fluid (CSF) For 
example, D E Scott (University of 
Rochester School of Medicine, NY) 
showed that PHITRF ıs rapidly taken 
up from CSF possibly by such 
ependymal cells O C McKenna and 
J Rosenbluth (New York University) 
reported that there are two types of 
aminergic liquor-contacting cells in the 
toad, one in the preoptic area and the 
other along the infundibular recess 
Interesting simularities and differences 
between fishes and reptiles were high- 
lighted by I Vigh-Teichmann (Semmel- 
weis University of Medicine, Budapest) 
She has found that preoptic neuro- 
secretory neurones projecting towards 
the median eminence in fishes also have 
liquor-contacting dendritic — terminals 
whereas ın reptiles this pathway seems 
to be in two stages with possibly 
synaptic contact between CSF-contact- 
ing neurones and those which project 
towards the median eminence 

During the meeting a pattern of 
integration of the neurosecretory 
systems began to emerge, with a grow- 
ing awareness of the functional asso- 
ciation of the aminergic and peptidergic 
elements of the hypothalamus There 
seems to be a wide range of aminergic 
neurones connecting the hypothalamus 
with “higher centres” In addition to 
the recognised brain neurotransmitters 
such as noradrenaline, serotonin and 
dopamine, K Fuxe and T Hokfelt 
(Karolinska Institute, Stockholm) re- 
ported the presence of terminals con- 
taining adrenaline K Fuxe also 
reviewed evidence that dopaminergic 
neurones in the median eminence may 
play an inhibiting part in the release 
of luteinising hormone releasing factor 
from peptidergic terminals and nor- 
adrenergic neurones might facilitate 
such release This sort of interaction 
was mentioned frequently during the 
meeting The occurrence of ascending 
peptidergic fibres was also recognised 
G Sterba (Karl Marx University, 
Leipzig) demonstrated neurones with 
cell bodies in the supraoptic nucleus 
which sent fibres to extrahypothalamic 
structures (for example, lamina 
terminalis and septum) and suggested 
that peptidic neurohormones might be 
involved in the, generation of emotions 
by effects in the limbic system 


Sir Francis Knowles mentioned that 
at the first symposium ın Naples in 
1953, 60% of the papers dealt with 
invertebrates In the present meeting the 
proportions were more than reversed, 
although everybody was aware of the 
great debt that vertebrate neurosecretion 
owes to the observations of investigators 
working with invertebrates In review- 
ing recent advances in invertebrate 
neurosecretion B Scharrer (Albert 
Einstein College of Medicine, New 
York) pointed out evidence for synapse- 
like interactions between neurosecretory 
neurones and other cells, where the 
mediator is likely to be a peptide 
Thus another useful criterion for the 
definition of a neurosecretory neurone 
—that 1t ends in a neurohaemal organ 
—loses its generality It was obvious 
that the meeting could not agree on a 
watertight definition of a neurosecretory 
neurone which has slightly different 
connotations to different people 


ENTOMOLOGY 


Social Insects 


from a Correspondent 


THE Seventh Congress of the Inter- 
national Union Zor the Study of Social 
Insects (September 10-15) was held for 
the first time in Britain, and attracted 
nearly twice as many members as the 
previous congress in Berne (1969) 
Studies on pheromones and on caste 
determination in social insects provided 
the dominant themes of the meeting 
The wealth of chemical studies on ants 
was illustrated by M S Blum (Um- 
versity of Georgia) who noted that at 
least forty-seven hydrocarbons have so 
far been identified in the Dufour's gland 
of ants Many of the exocrine secre- 
tions of ants contain compounds un- 
recorded elsewhere in the animal 
kingdom The Dufour gland secretion is 
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commonly used as part of a defence 
alarm-recognition system and Cam- 
maerts-Tricot (Free University, Brussels) 
reported that the ant, Myrmica rubra, 
uses the secretion of this gland to attract 
nest mates to a source of disturbance 
A mandibular gland secretion which 
incites the ants to sting any intruder 
may also be produced, and 1f the danger 
persists, additional nest mates are re- 
cruited with the aid of a trail pheromone 
produced by the poison gland The 
mechanisms governing the perception of 
pheromones have received little study, 
but C Masson (CNRS, Marseilles) has 
developed promising techniques for re- 
cording olfactory responses from the 
antennal lobe of the ant brain 
e The deeper understanding of insect 
behaviour gained from studies on 
pheromones 1s opening up new avenues 
for pest control F J Ritter, A M 
van Osten and C J Persoons (TNO, 
Delft) reported the discovery in fungus- 
infected wood of terpenoid substances 
which may be identical with the trail 
pheromone of the termite Reticulitei mes 
santonensis Related compounds from 
sandalwood oil are also very effective 
in inducing trail following Such sub- 
stances could be used to divert mem- 
bers of a colony to an area where they 
could be contaminated with slow-acting 
insecticide On return to the nest they 
would contaminate their nest mates 
J M Cherrett and his colleagues (Uni- 
versity College of North Wales, Bangor, 
and Rothamsted Experimental Station) 
have found that the trail pheromone of 
the leaf-cutting ant, Arta texana, 
markedly increases the effectiveness of 
baits used for controlling several species 
of leaf cutters, and that naturally oc- 
curring arrestants and phagostimulants 
can also enhance the properties of the 
baits 

Insect juvenile hormone (JH) and its 
analogues can now be obtained com- 





Release of Messenger RNA from Nuclei 


Ir 1s known that the release of mes- 
senger and ribosomal RNA from nuclei 
in vitio 1s dependent on a supply of 
energy and on non-dialysable compo- 
nents from the cytosol The results of 
experiments reported by Schumm et al 
in Nature New Biology next Wednesday 
(October 17) define further the nature of 
the non-dialysable component 

Schumm et al have found that an 
ammonium sulphate fraction (33-66%), 
representing a 50% «yield of the total 
cytosol activity, subjected to DEAE 
cellulose fractionation and freeze thaw- 
ing, results in a five to ten-fold increase 
in transport of messenger RNA out of 
the nuclei of liv@r® cells incubated ın 
vitio. The molecular weight of the puri- 
fied cytosol fraction was inferred to be 
between 10,000 and 30,000, and it 1s ım- 


plied that the active substance 1s a pro- 
tein 

Hybridisation studies show that the 
purified cytosol factors 1mpose some 
specificity on the RNA released from the 
nuclei The sequence homology between 
three closely related cell types, normal, 
19-hour-regenerating and neoplastic 
liver, was less than 50% when the 
heterologous, as compared with homolo- 
gous, purified cytosol factor was used 
The authors themselves point out the 
limitations of the hybridisation tech- 
nique employed, however, which is such 
that only highly redundant nucleic acid 
sequences are detected The system 
would seem to offer possibilities for the 
study of the mechanism of RNA pro- 
cessing in and of RNA release from 
the nucleus 
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mercially, and many experimenters have 
taken advantage of this to study its 
role in caste determination K Wanyont 
and M Luscher (University of Berne, 
and ICIPE, Nairobi) found that JH 
analogues can prevent the formation of 
reproductives in orphaned colonies of 
the termite Zoote: mopsis With his col- 
league D Meyer, Luscher found JH 
activity in the anal secretion of the queen 
of the mound-buildmg termite, Macio- 
termes subhyalinus This work gives a 
further pointer to the involvement of 
JH in termite caste regulation I Hrdý 
(Czechoslovak Academy of Sciences, 
Prague) induced mortality and ab- 
normally high soldier production on 
treating termites with JH analogues 
The application of these substances fo 
honeybee colonies resulted in death of 
some of the brood and sometimes of the 
queens There is thus a possibility that 
some JH analogues could be used in 
insect control if their action against 
honeybees can be restricted 

Although few contributions were con- 
cerned with taxonomy, some of the 
behavioural and ultrastructural investi- 
gations that were reported shed light on 
phylogenetic relationships H Markl 
(Technische Hochschule, Darmstadt) 
surveyed the occurrence of stridulatory 
organs in ants and related this to their 
nesting ecology Stridulatory organs 
are found 1n ground-nesting species and 
are usually lost when species become 
surface-nesting or arboreal R Kolter- 
mann (University of Frankfurt) com- 
pared the ability of the Indian honeybee, 
Apis cerana, and three races of Apis 
mellifica to learn an association between 
food and scent There were marked 
differences between the two species and 
among the three subspecies ın their 
abihty to ‘remember’ different scents, 
for example, the Indian bee remembered 
orange oil relative to other scents, 
better than the Egyptian honeybee, and 
the Egyptian bee remembered orange 
Scent better than did the Italian bee 
This variation in associative learning 
ability correlates with the distribution 
of the orange tree, which originated in 
Asia and spread to the Mediterranean 
area in the sixteenth century, but 1s not 
found in central Europe 

Copies of the proceedings of the 
congress (seventy published papers) can 
be obtained from Dr P E Howse, 
Biology Department, University of 
Southampton (£325, post free) An 
important development for the future 
of TUSSI was a revision of the constitu- 
tion made at the congress providing for 
a permanent secretary-general (Dr 
Howse) whose main duty will be to 
collect and distribute information among 
those working on social insects This 
should facilitate international coopera- 
tion among entomologists and also help 
to avoid duplication, especially where 
work 1n the tropics 1s concerned 


RADIATION 


from a Correspondent 
THE current preoccupation of the people 
of the United States with consumer 
pressure groups would have been an 
important topic at the Third Inter- 
national Congress of the International 
Radiation Protection Association even 
1f 1t had not been held in Washington 
DC on September 9-14 The public 
reaction in the United States to the 
application of nuclear energy for elec- 
tric power production and the associated 
cost of protecting the environment is 
of widespread interest, especially when 
contrasted with the demand for the 
reduction ın the population dose from 
the use of X rays for medical diagnosis 
G H Whipple (University of Michigan) 
debated the intention of the Inter- 
national Commission on Radiological 
Protection 1n recommending that radia- 
tion doses should be kept “as low as 
practicable” He accepted this as a 
qualitative admonition to prudent judg- 
ment and discussed the US Atomic 
Energy Commission’s recent adoption 
of this as a regulatory standard with 
numerical limits He claimed that the 
AEC philosophy demanded “if it can 
be done then it must be done” and was 
without regard for economic and social 
cost It was suggested that the applica- 
tion of this philosophy could increase 
the radiation exposure of reactor opera- 
tional staff R Lapp (consultant, USA) 
further alleged that the greatest benefit 
to the public of the United States would 
come from tackling medical diagnostic 
X-ray exposure and this was where 
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public expenditure was really required. 

B Lindell (Swedish National Institute 
for Radiation Protection, Stockholm) 
offered a simple approach to the alloca- 
tion of public funds based on the thesis 
that the dollar equivalent of 1 rad dose 
to 1 man was $100 The investment 
of $60 to reduce the dose to a female 
from a urography X-radiation examina- 
tion would be justified if it saved 06 
tad dose He suggested that it would 
be appropriate to invest vast sums to 
reduce avoidable exposure to the whole 
world population even 1f this came from 
natural radiation The estimated radia- 
tion cost of the nuclear power pro- 
gramme was modest, especially when 
compared with the world population 
dose from atomic bomb testing 

An estimate of worldwide doses from 
carbon-14 produced by nuclear reactors 
was given by V P Rublevskiy (Bio- 
physics Institute of the USSR Health 
Ministry) His prediction of a ten-fold 
increase in carbon-14 concentrations in 
the biosphere by the year 2010 implies 
that some control on these releases may 
be necessary 

This congress was a timely oppor- 
tunity for a presentation on the Report 
of the Advisory Committee on Bio- 
logical Effects of Ionismg Radiations 
(National Academy of Sciences, Wash- 
ington, 1972) led by C L Colmar 
(Cornell University) This report was 
written to provide the United States 
with a basis for standard setting and 
gives numerical estimates of the risks 
from ionising radiation exposure The 
authors chose to base their calculations 
on the assumption that the whole of the 
US population would eventually receive 





Spacing of Histones on Chromatin 


IN Nature New Biology next Wednesday 
(October 17) Bustin presents a fresh 
approach to the study of the arrange- 
ment of histones on chromatin Isola- 
ted, fractionated, histones are antigenic, 
but their specific antibodies do not react 
with chromatin What Bustin has dis- 
covered, and put to good use, is that 
isolated, fractionated, histones when 
bound, individually, to RNA will elicit 
antibodies which will react specifically 
with the appropriate histones within the 
native complex 

From this interesting observation, 
Bustin concludes that the antigenic 
determinants in free histones differ from 
those of complexed histones This 1s 
not surprising uf that previous physico- 
chemical studies on the isolated histone 
fractions have shown them to be con- 
formationally very diferent (niore open) 
ın cemparison with, {he same histones 
in site That Bustin attempted the 
approach described in His forthcoming 
communication does not seem to have 
been suggested to him by findings al- 


ready in the literature, which attests to 
its originality 

Several fascinating conclusions have 
emerged from the study of the inter- 
action of one or more of the histone 
(RNA)-specific antibodies with the 
corresponding native chromatin (1) In 
native chromatin the antigenic deter- 
minants of F, and F,b are more avail- 
able to interact with homologous anti- 
body than those in F, and F,a, and the 
determinants of F;a, are least available 
Bustin suggests that the availability of 
the various determinants is probably 
dependent on steric factors (for example, 
burial of histones inside the complex) 
and/or conformational changes that 
occur in the histones on interaction with 
DNA and other chromosomal proteins 
(2) Serial binding of up to four different 
specific antibodies results in incremental 
bmding This result suggests that the 
various histones are spatially separated 
enough so*that their determinants do 
not overlap Further r&mifications of 
Bustin's new approach are on their way 
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the maximum dose permitted 1n current 
guides Their calculation of up to 
27,000 cases of genetic defects or 
diseases per year should be viewed in 
the light of estimates that the US popu- 
lation dose 1s unlikely to exceed 1% 
of the current guide levels 

The International Commission on 
Radiation Units and Measurements 
(ICRU) was represented by its Chair- 
man, H O Wyckoff, who announced 
their intention to retain a special unit 
(the rem) for the quantity of Dose 
Equivalent In spite of the temptation 
of the Systéme International and 1n the 
face of the logic of those who regard 
the unit as an expression of risk, the 
ICRU will retain the rem as an aid to 
clear and safe communication W S 
Snyder (Oak Ridge National Labora- 
tory) gave advance warning of ICRP 
changes 1n internal radiation dose con- 
cepts and said that the Maximum Per- 
mussible Annual Intake would be used 
in future as a quantity directly related 
to the annual dose received The appro- 
priate ICRP reports are being re-issued 
and these will give derived limits for 
occupational exposure to airborne 
radioactive contamination 

The meaning of the congress and 
association title is now taken to embrace 
non-ionising radiation This topic was 
reviewed by H. Jammet (Commisariat 
a l'Énergie Atomique, France) who dis- 
cussed the hazards of microwave and 
ultraviolet radiation as well as the 
potential damage caused by laser beams 
He was able to quote some safe 
exposure levels for these radiations but 
had found no equivalent to the ICRP 
and reported that there is a lack 
of satisfactory radiation monitoring 
systems and in some cases biological 
data are 1nadequate 


FOREST ECOLOGY 


Nutrient Cycles 


from our Plant Ecology Correspondent 


SURPRISINGLY there 1s little reliable 
information regarding the rate at which 
various chemical elements pass through 
ecosystems Such data are particularly 
valuable, since the pattern and rate of 
nutrient cycling may well be related to 
the productivity and the stability of 
some ecosystems (see, for example, 
Odum, Science, 164, 262, 1969) It 1s 
goad to know both the overall budget 
of input and output of nutrients to and 
from a system as well as the pattern and 
rate of movement of nutrients within 
the system 

The Hubbard Brook ecosystem study 
in the northeastern United States has 
attempted to produce this information 
for temperate deciduous forest Most 
of the information which has emerged 
so far from this project has been con- 
cerned with overall nutrient budgets for 


such elements as calcium, potassium 
(Ecology, 48, 772, 1967), and the way 
in which such budgets are modified by 
experimenta] perturbation of the system 
by felling and herbicide treatment (Ecol 
Monogr , 40, 23, 1970) The most recent 
paper from the Hubbard Brook study is 
by Baton, Likens and Bormann (J Ecol, 
61, 495, 1973) and is concerned with 
nutrient movement within the forest 
ecosystem, particularly between the 
forest canopy and the soil 

Eaton et al describe the leaching of 
a canopy by rainfall, a process which 
transfers soluble material directly from 
the leaves and branches to the soil 
without the 1ntervention of decomposer 
organisms This leaching is considered 
as the sum of throughfall (water passing 
directly through the leaf canopy to the 
forest floor) and stemflow (water 
runnig down branches and trunks) 
Stemflow was found to contain a higher 
concentration of nutrients than through- 
fall, but only 595 of the total precipita- 
tion followed this path, hence its con- 
tribution to the overall leaching was 
small 

The total quantities of elements 
leached from the canopy varied from 
one element to another, in some cases 
exceeding the quantities arriving at the 
forest floor by litter fall For example, 
potassium was leached at a rate of 
30 kg ha^! between June and October, 
whereas annual litter fall resulted in 
the movement of only 21 kg ha^! of 
potassium from canopy to floor The 
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figures for sulphate sulphur are similar, 
21 kg ha^ being leached during the 
study period, only 6 kg ha^! yr? arriving 
at the soil surface by litter fall 

The elements quoted are usually 
present in :onic form, which may 
account for their rapid movement in 
solution Elements normally occurring 
bound in organic molecules within plant 
tissues were found to be leached far 
more slowly In the case of total 
nitrogen, 10 kg ha^! was leached from 
the canopy during the summer and a 
total of 56 kg ha^? arrived on the forest 
floor as litter during the year Similarly 
for phosphorus (as PO,*-), 068 kg ha~! 
was leached and 37 kg ha^ yr^! fell 
as litter 

In essence, these figures resemble 
those which Carlisle, Brown and White 
(J Ecol, 54, 87, 1966) obtained from 
temperate deciduous forest ın Britain 
Eaton et al go further than these 
workers in that they demonstrate the 
importance of hydrogen ion exchange 
as a mechanism ın leaching cations from 
the canopy The pH of precipitation at 
Hubbard Brook has a mean of 406, 
throughfall pH was 501 Hydrogen 
1ons thus represented 74% of the cation 
input and only 2% of the cation loss 
At least 2795 of the total cation loss can 
be accounted for by hydrogen ion 
exchange The low pH of the precipita- 
tion at Hubbard Brook may well derive 
from atmospheric pollutants since it 
cannot be accounted for by equilibration 
with atmospheric CO, If this ıs so, 





Formation of Cosmic Formaldehyde ` 


THE discovery of the first organic mole- 
cules 1n space, nearly five years ago, took 
most astronomers by surprise because 
1t seemed unlikely that molecules could 
form and survive 1n the harsh environ- 
ment of interstellar space But there are 
now twenty-six molecular species identi- 
fied with reasonable certainty, and the 
question of the creation of these mole- 
cules has assumed some importance 

In the burgeoning subject of astro- 
chemistry, Dalgarno and his colleagues 
at Harvard College Observatory have 
sketched some of the pathways by which 
the simpler molecules can be synthe- 
sised Three months ago they pointed 
out (Astrophys J Lett, 183, L21, 1973) 
that positive and negative ions in inter- 
stellar clouds play an important part in 
the production of complex molecules 
For example, the chemi-ionisation reac- 
tion CH+O-HCO*++e is an important 
source of ions and electrons in cosmic 
conditions The presence of HCO* 
can then dead to* the formation of more 
exotic species Fy 

In Nature Phystcal Science next Mon- 
day (October P5) this work 1s extended 
m a discussion of the formation of 
formaldehyde by Dalgarno, Oppen- 


heimer and Black This molecule 1s 
one of the most widely distributed and 
abundant species in the Galaxy In 
dense interstellar clouds one possibility 
1s to build H,CO from HCO* Dalgarno 
and his colleagues suggest, however, that 
the reaction CH; +O-H,CO+H would 
be more likely as a source of formalde- 
hyde in the diffuse interstellar clouds 
In this picture the CH, is built up in a 
three-stage process photoionisation of 
carbon by starlight gives Ct, this 1s 
followed by Ct+H,5CH,+h, and 
finally CH;*--H,SCH;j* +H 

Although the formaldehyde itself is 
vulnerable to destruction by photo- 
1onisation, the authors show that for a 
wide range of densities and ultraviolet 
fluxes, the formation rate exceeds the 
destruction rate A further source of 
formaldehyde is the reaction CH,t -- O— 
H,CO*--H, the H,CO* ion then loses 
its positive charge through exchange 
with heavy elements to leave formalde- 
hyde 

With the appearance of the results 
of Dalgarno et al there seems to be no 
fundamental difficulty 1n accounting for 
the widespread presence of formalde- 
hyde in the Galaxy 


m 
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it provides one more example of the 
way in which human activities tend to 
result in the acceleration of natural 
nutrient cycles 


EARTH'S MANTLE 


Non-Newtonian Flow 


from our Geomagnetism Correspondent 


ALTHOUGH the precise nature of the 
force driving the drifting continents and 
spreading ocean floors is still a matter 
of dispute, it is generally agreed that 
the drifting and spreading processes 
involve large-scale flow in the Earth's 
upper mantle and possibly in the Jower 
mantle as well But what sort of flow? 
Most quantitative models of mantle 
behaviour have been based on the 
assumption that flow is Newtonian, that 
1s, that the mantle obeys the laws which 
characterise Newtonian fluids Post and 
Griggs (Science, 181, 1242, 1973), how- 
ever, have now challenged this view, 
basing their case for non-Newtonian 
flow in the mantle on both field observa- 
tions and laboratory experiments 

Interestingly, the field observations 
are those relating to the isostatic uplift 
of Fennoscandia—the classic pheno- 
menon used in the earliest attempts to 
determine the mantle’s viscosity When 
the glacial ice receded from Fenno- 
scandia about 10,000 years ago, the 
remaining surface depression was partly 
removed by immediate elastic rebound 
Since then, however, there has been 
continuous isostatic adjustment during 
which the shape of tke depression has 
remained roughly constant and for 
which the current rate of uplift is every- 
where proportional to the magnitude of 
the depression Post and Griggs believe 
that these properties indicate a special 
type of behaviour which they term 
‘proportional relaxation’ and ın which 
the ratio of the effective shear stresses 
at any two points remains constant with 
time while the stress amplitudes decrease 
asymptotically to zero 

The validity of proportional relaxa- 
tion as defined by Post and Griggs rests 
on the assumption that the mantle is 
incompressible In this case, the stress 
distribution in the mantle will be con- 
sistent with the surface depression and 
the total viscous dissipation will always 
be ata minimum As long as the shape 
of the stress distribution in the mantle 
depends on the shape of the surface 
depression but not on its magnitude, it 
then follows that the viscous dissipation 
will remain at a minimum if the surface 
elevations and the original stresses are 
multiplied by the same factor Thus if 
the shape of the surface depression does 
not change with time (as in Fenno- 
scandia), nor will the shape of the stress 
distribution In short, there 1s propor- 
tional relaxation 

The general form of the law of flow 


in the mantle chosen by Post and Griggs 
1$ €= B(z)r^, where e, 1s the steady state 
effective strain rate, B depends only on 
depth (z), 7 1s the effective shear stress, 
and n is a constant For Newtonian 
flow n would be 1 and, as can be shown 
from the general flow law, the logarithm 
of the remaining uplift at the centre of 
the uplifting area would vary linearly 
with time But from the remaining 
uplift in Fennoscandia, Post and Griggs 
show there is no such linearity, and n 
1s 285, 321 or 358, respectively, for 
the three published estimates of the 
remaining Fennoscandian uplift (150 m, 
180 m and 210 m) In other words, as 
long as the proportional relaxation 
model ıs valid (which requires, among 
other things, that n be independent of 
stress), postglacial uplift in Fenno- 
scandia requires non-Newtonian flow in 
the mantle with an n value of 3203 
The second part of the case rests on 
deformation experiments with dunite, 
whose chief constituent, olivine, 1s 
generally thought to be an important 
constituent of the upper mantle Creep 
and high temperature relaxation experi- 
ments on dunite from Mt Burnett show 
that the best-fittmg value of n is 
318-018 This is in excellent agree- 
ment with the n value obtarned from 
uplift and is thus consistent with the 
idea of non-Newtonian mantle behav- 
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1our In view of the large number of 
assumptions used in the reanalysis of 
Fennoscandian uplift, Post and Griggs 
would regard such close numerical 
agreement as fortuitous But whatever 
the precise figure, the flow certainly 
seems to be non-Newtonian, and plate 
tectonic models involving mantle motion 
should incorporate it 


LOW TEMPERATURE PHYSICS 


Superconducting Bridges 


from our Condensed Matter Correspondent 


THE interesting structure which appears 
in the current-voltage characteristics of 
very small superconducting bridges at 
subharmonic values of the energy gap 
can be attributed to the effects of 
Josephson radiation generated in the 
bridge itself, according to Gregers- 
Hansen, Hendricks and Levinson, of the 
University of Copenhagen, and Pickett, 
of the University of Lancaster (Phys 
Rev Lett, 31, 524, 1973) 

The Josephson effect 1s a phenomenon 
which occurs when two regions of super- 
conductor are coupled together through 
a very weak link The link can either 
be a short narrow bridge made of the 
same material, as in the present case, or 
it can be an exceedingly thin layer of 
insulator which electrons can traverse 


Glaciation and the Chalky Boulder Clay 


MaNv years ago, Harmer (Jub Vol 
geol Ass, 103, 1909, and Proc Yorks 
geol Soc, 21, 79, 1928) concluded that 
the distribution of Chalky Boulder Clay 
im Britain was brought about by two 
distinct ice streams The first passed 
from the North Sea to parts of the 
Lincolnshire Wolds and was then deflec- 
ted southwards, fanning out into East 
Anglia and the Midlands, the second 
entered across the present north coast of 
Norfolk and came into contact with the 
North Sea Drift The boundary between 
the two deposits has long been in dis- 
pute, but, even more fundamentally, 
there has been disagreement over the 
number of glaciations involved Harmer 
believed that both streams were of the 
same glaciation, but more detailed 
studies carried out during the late 1940s 
and early 1950s apparently suggested 
that two glaciations were concerned- -- 
the lower Lowestoft and the upper 
Gipping The second view then pre- 
vailed until the late 1960s when the con- 
troversy was revVivéd 

In Natuie Physical Science next Mon- 
day (October 15), Perrjn et al report a 
detailed study which suggest that, in 
fact.the Chalky Boulder Clay represents 
only one glaciation Samples of Boulder 
Clay from eleven sites previously 
ascribed to the Lowestoft glaciation and 
twelve sites ascribed to the Gipping 


glaciation have been analysed for mech- 
anical composition, calcium. carbonate 
content, heavy mineral percentages and 
clay mineral content As far as mech- 
anical composition 1s concerned, no 
systematic differences are observed be- 
tween Lowestoft and Gipping samples 
Calcium carbonate content is more 
variable, but the trends are consistent 
with gradual assimilation. of chalk by 
ice moving in the directions described by 
Harmer Nor are any significant varia- 
tions observed in heavy mineral per- 
centages and clay mineral content In 
view of the compositional consistency 
over a wide area (14,000 km?, Perrin 
and his colleagues conclude that the in- 
volvement of two glaciations cannot be 
substantiated Moreover, the one gla- 
ciation concerned 1s the Lowestoft, there 
IS no evidence for the effects of a later 
Gipping glaciation 

As Perrin et al point out, however, 
even if the Chalky Boulder Clay repre- 
sents a single glaciation, its origin 
remains in doubt The oft-stated assump- 
tion that much of the matrix was derived 
from the Jurassic clays must be ruled 
out on compositional grounds, and the 
virtual absence of Triassic or Pennine 
debris miltates against westerly or 
north-westerly sources For the time 
being, a North: Sea orin stül seems 
the most likely 


292 ` 


by quantum mechanical tunnelling, as 
for superconducting tunnel junctions In 
‘either case, a current flows which con- 
sists of an ac component of frequency 
2eV/h where e 1s the electronic charge, 
V the voltage and h ıs Planck's constant, 
and, under appropriate conditions, a dc 
component 1s also present The device 
therefore generates electromagnetic 
radiation, whose frequency 2eV/h 
depends on the applied voltage, known 
as Josephson radiation 

The superconducting mucrobridges 
developed by the Copenhagen group are 
in the form of very thin metal films pre- 
pared by an ingenious technique on 
glass microscope slides The slide 1s first 
scratched very lightly with a razor 
blade, and then etched briefly in dilute 
hydrofluoric acid, producing a uniform 
groove 5x107 m wide and of semi- 
circular cross section A layer of tin or 
indium about 10-7 m thick is then 
deposited on the slide in an evaporator, 
and this film 1s divided into two parts by 
a second razor blade cut, at right angles 
to the groove The metal deposited at the 
bottom of the groove, however, 1s pro- 
tected from the final cut and so forms a 
bridge between the two halves of the 
divided film Such microbridges can be 
made, typically, 5X 107" m wide and 2 
x10- m long, which 1s considerably 
smaller than has been achieved by other 
workers using more conventional 
techniques 

Plots of current : against V for these 
devices showed among other interesting 
effects, a series of very shght kinks when 
eV was less than the energy gap, 2A, 
which separated the superconducting 
and normal electrons By measuring 
dV/di rather than : a series of sharp 
peaks was obtained, each peak occurred 
when V was approximately 2A/Ne, 
where N is an integer Because a peak 
in dV / di corresponded to a reduction in 
1, ıt was necessary to explain why the 
current should be suppressed at these 
particular values of V 

Gregers-Hansen ef al suggest that the 
phenomena were caused by the 
Josephson radiation, given out by the 
bridge, acting on itself They point out 
that, ın metal microbridges, harmonics 
of the radiation, at frequencies 2NeV /h, 
are always also present Whenever V is 
such that the energy 2NeV of a photon 
1s equal to 2A, there will be a proba- 
bihty of that photon being absorbed 
in exciting a pair of superconducting 
electrons across the energy gap into 
normal states Thus, whenever 2NeV 
=2A, some further suppression of the 
superconductivity of the bridge, and 
a corresponding drop in the current, 
are to be expected, in agreement with 
the experiments . 

This elegant explanation of the 
phenomena runs into one apparent 
snag the peaks in dV /dz do not, in 
fact, occur in quite the rrght places 


Gregers-Hansen et al evade this diffi- 
culty, however, by noting an earlier 
theoretical prediction by Eliashberg 
(JETP Lett, 11, 114, 1970) that A 
should be increased by the application 
of a microwave field They suggest that 
the energy gap in the bridge 1s being 
changed by its own Josephson radiation 
and, acting on this assumption, have 
analysed their data to determine A as 
a function of V 

As a check on this interpretation of 
the measurements, they repeated the 
experiment in an externally applied 9 
GHz microwave field One effect was 
that each dV/d: peak acquired side- 
bands, exactly as would be expected if 
the Josephson radiation were mixing 
with the external microwave field to give 
the sum and difference frequencies this 
1s convincing evidence in support of their 
ideas 

Similar subharmonic structure has 
frequently been observed in tunnel 
junctions, and several very elaborate 
and apparently successful theories have 
been devised to account for it It now 
seems clear from the Copenhagen results 
that these phenomena arise, ın reality, 
from small metallic short circuits in 
imperfect junctions 


NUCLEAR STRUCTURE 


Heavy lons 


from a Correspondent 


THE increasing interest in the use of 
accelerated beams of heavy ions was 
highlighted at a nuclear structure con- 
ference sponsored by the Institute of 
Physics and held at the University of 
Manchester from September 5 to 7 

The contribution made to the under- 
standing of the structure of the nucleus 
through the study of single nucleon 
transfer reactions induced by light 10ns 
has been considerable Now with the 
increasing availability of heavy ion 
beams of good energy resolution and 
with advances in experimental tech- 
piques and improvements in the under- 
standing of the reaction mechanism, the 
study of transfer reactions induced by 
heavy 1ons promises to extend the use- 
fulness of this spectroscopic tool. G C 
Morrison (University of Birmingham) 
reviewed the progress which has been 
made in this exciting field during the past 
few years From studies of single 
nucleon transfer much has been learned 
about the mechanism of the heavy 10n- 
induced transfer reattíibn and the ım- 
portance of angular momentum selec- 
tion rules. It 1s, however, in the study 
of multinticleon transfer reactions that 
valuable new spegtgoscopic information 
1s to be expected and several examples of 
such reaction studies were reported at 
the meeting 

M A Grace (University of Oxford) 
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described the very elegant experiments 
being carried out at Oxford to measure 
the g factors of excited nuclear states 
The technique involves measurements 
of the Larmor precession of the nuclear 
moment in the hyperfine field of a 
hydrogen-like 10n For example, the 
H(?F, «)O* reaction has been used at 
a fluorine bombarding energy of 48 MeV 
to measure the g factor of the 37 state 
of 5O As a result of this heavy 10n- 
induced reaction the oxygen 1on recoils 
mto vacuum with a simple electronic 
configuration, namely one electron in 
the 1s shell In these circumstances the 
magnetic field acting on the nuclear 
moment 1s calculable (86 Mgauss) and 
thus a direct measurement of the fre- 
quency of Larmor precession yields the 
magnetic moment of the state 


The anomalous behaviour of high 
angular momentum states of rotational 
bands in the rare earth region, predicted 
in 1960 by Mottelson and Valatin and 
first observed experimentally as recently 
as 1971, continues to be the subject of 
much expermental and theoretical 
interest Thus in a review of recent 
theoretical developments in the study of 
heavy nuclei K Kumar (Vanderbilt 
University, Nashville, and Research 
Institute for Physics, Stockholm) des- 
cribed the successes of the pairing plus 
quadrupole model and in particular 
demonstrated that the observed features 
of the anomalous behaviour of the 
energy levels at high angular momentum 
could be understood within the context 
of this model 

I S Grant (Umversity of Manchester) 
discussed the important parts played in 
the fission process by pairing and shell 
effects The recent identification of a 
rotational band in the second potential 
minimum and the observation of y-ray 
decay from the second well to the first 
have provided new information on the 
shape of the nuclear energy surface at 
large deformation Theoretical attempts 
to explain the deformation of the second 
potential minimum have, encouragingly, 
been rather successful The use of 
heavy ion projectiles also allows the 
role of angular momentum to be investi 
gated 1n the formation of a compound 
nucleus and in the fission process One 
interesting new advance here is the 
evidence for the enormous importance 
of viscosity in the fusion of very heavy 
1ons and nuclei 

Other invited. talks were given by 
T S Green (Culham Laboratory, 
Abingdon) who discussed plasma sources 
for heavy ion production, G Astner 
(Research Institute for Physics, Stock- 
holm) who reviewed the present state of 
understanding of effective electric quad- 
rupole charges, and R Huby (Univer- 
sity of Liverpool) who described the 
impressive theoretical advances which 
have been made in the description of 
stripping to unbound states 
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Science as Intellectual Entertainment 


NIGEL CALDER 


8 The Chase, Furnace Green, Crawley, Sussex RH10 6HW 





A science writer who has been closely 
involved in the creation of The Life 
Game, which is to be shown on BBC 


Television tomorrow night, discusses 
the aims of epic science programmes on 
television and some of the difficulties 
encountered. 





“THE generality of mankind cannot accompany us for one 
short hour unless the path 1s strewn with flowers”, Michael 
Faraday once remarked During the past few years, the British 
Broadcasting Corporation and a growing consortium of 
Overseas partners have experimented with ‘big’ television 
programmes on major scienttfic themes as a means of reporting 
to the public from the very frontiers of research The Violent 
Universe (1969, 150 min), The Mind of Man (1970, 120 min) and 
The Restless Earth (1972, 120 min) The latest of them, The 
Life Game (150 min), deals with evolution and related topics 
1n biology and has been made by the BBC as a coproduction 
with television organisations in seven other countries Alto- 
gether seven versions of the programme are being seen by their 
respective audiences, with the same story told in different 
languages and accents In this article I shall outline, as best I 
can, the process by which we decided what the story should be 


Means and Ends 


Roughly a year is allotted to making one programme and 
the budget, although not of Hollywood proportions, ıs sub- 
stantial for a documentary About two dozen sequences 
can be filmed around the world, showing scientists at work, 
In some cases the scientists address the camera, but they 
have to be concise and forceful A large BBC television 
studio 1s booked for a week and the overseas coproducers 
send their presenters to London to use the elaborate sets 
that have been prepared, for recording the studio links These 
are eventually interspersed between longer passages on film 

For the scientists taking part as well as for the viewers there 
1s a sense of occasion the theme 1s to be treated generously, 
in a way worthy of its importance, bringing together ideas 
that are otherwise left fragmentary and unconnected The aim 
1s intellectual entertainment We do not think of such pro- 
grammes as ‘educational’ in any narrow sense of the word 
no one 1s going to have to sit an examination in the subject 
and, 1f each viewer 1s stirred by 1t in his own way, all well and 
good A propetly constructed programme should have some- 
thing to say at several different levels, depending on the prior 
ignorance or knowledge of the viewer Nevertheless, we set out 
to report in plain language at least a sample of the new findings, 
ideas and issues that would be under discussion if there hap- 
pened to be a high-level gathering of experts 1n the subject, a 
about the time the programme is transmitted 

Communicating to the public from the frontier 1s actually 
easier than from the rearward areas of long-established 
knowledge For one thing the questions are starker What is 


wall of expertise The Jargon has not been invented yet, nor 
have the textbooks been written that impose a formal way of 
presenting knowledge from which mental liberation is often 
difficult At the frontier, too, the scientists themselves are 
excited and that enlivens the whole programme in a way that 
cannot be simulated for older discoveries And one is showing 
science in something like its true colours—as a process of 
discovery rather than a mass of schoolroom facts 

Of course, the script must repeatedly dip into the older 
knowledge for basic information but the notion that new 
knowledge 1s more difficult than old 1s a fallacy that clogs our 
culture In The Violent Universe, we showed unpatronisingly— 
rather dramatically ın fact—that the Sun 1s an ordinary star 
That turned out to be news for some of our viewers, and for 
them, at least, the proposition that a pulsar 1s a neutron star 
must have seemed plain sailing by comparison Advances 
like plate tectonics can suddenly make transparent sense of 
whole libraries of previously inexplicable facts In The Restless 
Earth we sought to capture that moment of human 
enlightenment 


Preliminaries 


The idea for a two-hour biology programme began to 
germinate while the work on The Restless Earth was coming to 
an end The special problem, though, stood out right away 
A basic assumption was that, for any programme of this kind, 
the subject should be a big one— grandiose even—and of such 
obvious 1mportance and interest that families would be pre- 
pared to give up an evening to ıt After the Universe, the 
brain and the Earth, nothing less than ‘life’, treated ın a broad 
way, would do asa theme Yet life was altogether too elaborate 
both in its natural complexity and in the enormous diversity 
of specialists pursuing 1t—from protein chemists and 1mmuno- 
logists to ethologists and palaeontologists The biology of 
E colt could easily fill two hours, but how would that be billed 
in the Radio Times? 

The problem, therefore, was to find a cluster of topics 
in current biology, of reasonable coherence, plainly related to 
life as perceived by the ordinary viewer but also reflecting a 
good deal of the present excitement in fundamental biology 
The first and obvious step towards a solution was to take 
evolution as the great unifying theme of biology Evolutionary 
research was ın a lively state and molecular biology had taken 
its rightful place 1n it as well as having a near monopoly in 
respect of the origin of life The chief complication was 
developmental biology, which many would regard as the cutting 
edge of present research into life About its fascination there 
was no doubt—but could it be fitted into an evolutionary 
framework in a better than Procrustean fashion? At any rate 
we had, 1n June 1972, a simple checklist to start with evolution 
theory, relevant molecular biology, origin of life, develop- 
mental biology (?) But that had to be translated into a col- 
lection of specific locations, experiments, propositions, con- 
tributing scientists—in short, into filmable sequences And 
those sequences would have to fit together as passages in a 
sangle story 

For four years both Philip Daly, then the producer, and I 


a quasar? How does the brain learn? Why do mountains exist? eehad been too busy ‘masquerading as astronomers, brain 


How does an animal grow? They are the sorts of questions 
that a Jayman, if need be with a little prompting, would ask 
himself To the extent that the scientist is airing his doubts 
and ignorance, the viewer feels less separated from him by a 


regearchers and geologists to keep more than the unsteadiest 
eye on fundamental biology It ıs shaming to admit it now, 
but the first time Motoo Kimura’s naine came up I had to ask 
how to spell 1t—yet he launched his great evolutionary heresy 
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of the neutral genes in Natue in 1968 The very work of 
learning, over a period of months, and personal feelings of 
surprise or fascination or confusion as new aspects of the 
story unfold, are part of the explanation of how one decides 
what to tell the public 

A reconnaissance, carried out with as few preconceptions 
as possible, has been the key to the method of working The 
producer and writer undertake a world tour, without cameras, 
Just to visit 100 to 200 specialists in perhaps a dozen countries, 
even before the scope of the programme ts defined We begin 
by consulting a few leading authorities, a list of possible 
topics and experts grows almost exponentially at first, but 
quickly stabilises as the same names and subjects begin to recur 
Soon there 1s a basis for planning the tour, though one must 
check to see whether important topics or viewpoints are being 
overlooked Finding out about science by word of mouth 
from the practitioners reveals trains of thought, intercon- 
nections and ambitions that are rarely explicit in the formal 
literature Most of those who are generous with their time 
and advice, on which we wholly depend, do not in the end 
figure ın the programme, but everyone contributes to the 
perspective, which 1s most important of all 

During the reconnaissance, the producer is assessing the 
intrinsic fascination of each topic or experiment and considering 
what use he could make of it visually As we are working in 
scientific ‘real time’, we have to ask at what stage the work 
will be when filming is ın progress and whether new results will 
be published before the transmission date The writer is 
absorbing as much information as possible while trying at 
the same time to stand back and see how the topic under 
discussion links with other parts of the story First the content 
and then the shape of the programme emerge from continuous 
debate between producer and writer 

Some cardinal topics in evolutionary biology were adopted 
as 'seeds' on which other constituents of the programme 
might crystallise protein polymorphism, for example, and the 
strange changes in functional molecules in the course of evolu- 
tion Both of these discoveries contribute to Kimura’s argument 
in favour of nearly neutral genes Despairing of any resolution 
of the neutralist-selectionist controversy within the year of 
the programme, we set Kimura and his most distinguished 
opponent, Theodosius Dobzhansky, against one another 
The explosive evolution among the Drosophila of Hawan 
provided an irresistible example of current investigations into 
the origin of species As for human evolutionary genetics, 
besides the already classic elucidation of sickle-cell anaemia, 
there was newer material in, for example, investigations of the 
genetic consequences of the spread of Neolithic agriculture 

Sometimes we were looking for new ways of dealing with 
well publicised themes | Prebiotic synthesis of organic materials 
was a case m point, and we turned to the research on the 
Martian atmosphere as a potential source of such compounds 






Fig 1 A BBG Television studio was used to display evolution- 
ary relationships. The British Museum (Natural History) gave 
advice about the exhibits (BBC copyright ) 
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We also needed chronological and conceptual bridges from the 
origin of life to the Phanerozoic Era We found them in 
work on early mucrofossils, in the symbiotic theory of the 
origin of eukaryotic cells, and in experiments on the origin 
of enzymes 


Games 


Quite early on in the reconnaissance the ‘game’ theme 
began to obtrude The metaphor of life as a game, ın which the 
effects of chance are controlled by rules, had been in our 
minds from the outset More substantial uses of games 
appeared unbidden in the laboratories that we visited, including 
the application of the theory of games to fighting behaviour 
in animals and the Monte Carlo method used ın genetic 
computations In Gottingen, Manfred Eigen had a real game 
for us, played by contestants around a table, who evolved 
cloverleaf RNA molecules by substituting bases according to 
the throw of a specially made tetrahedral die 

As for fitting developmental biology into the evolutionary 
context, a ready-made solution offered itself The model that 
involves the repetitive DNA ın the control of genes in higher 
organisms, developed by Roy Britten and Eric Davidson in 
the USA, was looking good, experimentally These investigators 
had extended their model as an explanation of how, in the 
course of evolution, novel structures and functions might 
appear in animals — Given this link—which, as we verified, 
is taken seriously by leading systematists as well as by mole- 
cular biologists—we could relate several striking experiments 
in developmental biology to our main theme 

The reconnaissance brought unexpected bonuses Richard 
Leakey, when we first me: him, was just about to announce 
the discovery of the remarkable hominid skull 1470 from East 
Rudolf In the Galapagos Islands, our guide was the British 
ornithologist Michael Harris Although, in the end, the 
Galapagos were to disappear from the programme, we learned 
that Harris had done recent experrments in Wales on the 
classic circular overlap of the sympatric species of gulls, 
Larus argentatus and L fuscus On the other hand, topics 
carefully considered for The Life Game but omitted included 
cell fusion, hormones in insect develepment, the molecular 
biology of viruses, genetic effects of radiation, the Orgel- 
Crick tongue-in-cheek hypothesis of directed panspermia, 
and social behaviour in lemurs This last we had investigated 
to the extent of creeping around the forest in Madagascar 
looking for Indi: indi: 

Even this partial list of omissions shows the unwieldiness 
of the subject we were tackling, and at the same time as our 
notebooks were filling with increasingly heterogeneous material 
we were battling to find a pattern The logic ot a television 
programme is quite different from formal instruction 1n science 
Apart from the great inversion already mentioned (starting 
at the frontier and working back as necessary) the sequence 
and arrangement of topics depend at least as much upon 
anticipation of questions arising in the viewer's mind, and 
upon dramatic considerations, as upon what the scientist 
would regard as the logical flow of ideas One has to think 
especially of the rise, through each group of sequences, to some 
kind of climax Some topics are ‘starters’, in the sense that they 
have to be followed by something else to justify them, others 
are ‘finishers’, after which to carry on their particular lines of 
thought would be anticlimactic Decisions about how to open 
the programme and how to finish it are paramount, because 
here are the interfaces with the world of teacups and family 

* chatter 

The question of whether an important point may be difficult 
to explain does not affect the choice of topics unduly Where 
exposition becomes tricky, one turns to radical methods, such 


e* as the drainaBle topographic model of the North Atlantic used 


in The Restless Eath to explain ridges and trenches For 
The Life Game we recruited a hundred Swedish children to 
perform a ‘dance of the molecules’, in order to illustrate 
protem synthesis, mutation and the like, as painlessly as pos- 
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sible Such resorts are part of the task of ‘strewing the path 
with flowers’ 

The shooting script sets out all the sequences that are to be 
filmed in a possible running order It ıs a guide to the film 
director (normally the producer) and to the scientists concerned 
as to the minimum needed on film for the scientific exposition 
In practice, the director uses his own creative imagination in 
portraying the work, and ıt ıs this which makes the difference 
between a visually rich documentary programme and a pedes- 
trian instructional film The shooting script serves an important 
supplementary function Copies of the complete script are 
sent to several leaders in the science, for comment as to the 
overall content, balance and argument, while each scientist 
whose work 1s being filmed sees the relevant section of the 
script and he, too, can criticise the approach adopted and 
correct the draft commentary as necessary But the script 
has also to be judged as television and for that purpose it 
goes to the science producers of the coproducing organisations, 
for criticisms and suggestions e. 

At this stage, for The Life Game, our procedures were put 
to a severe test when Philip Daly was promoted and a new 
producer took charge To Adrian Malone, fresh from years 
of work on his series The Ascent of Man, fell the task of building 
the programme without the benefit of the reconnaissance 
I must pass over the months of effort that Malone and his 
colleagues put into the filming the arduous travel, the diffi- 
culties with the weathei, the patient work of setting up shots, 
and the tolerance of the scientists whose laboratories were 
invaded The filming provided raw material for the programme, 
but 1t was in the editing that it began to take final shape 


Putting Together 


There was an inevitable casualty list of sequences that for 
one reason or another were not obtained, or turned out 
unsatisfactorily In other cases far more time proved necessary 
for setting a scene or explaming a process than the script 
originally envisaged In the end, several sequences had to be 
omitted from The Life Game, even though the duration of the 
programme was extended from 120 to 150 min Whole trains 
of thought were shunted out of the show and this painful 
process entailed repeated rethinking of logic and balance 


^ 
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The final running order was quite different from that envisaged 
in the shooting script Everyone's ideas had become sharper, 
including the writer’s, for he had meanwhile completed a book 
on the subject for publication at the time of transmission 
When the film was nearing completion, the words of the final 
commentary had to be fitted to the pictures at a rate of two 
short words per foot of film, with allowances for music and 
effects This tricky form of writing, somewhat akin to compos- 
ing telegrams, 1s a sovereign remedy for prolixity 

About 80% of the programme is on film The interspersed 
studio sequences supply a friendly face and a guide to the 
events of the evening, David Attenborough is the BBC’s 
presenter for The Life Game The studio also serves to 
explain certain principles or awkward details, to display visual 
information and to give that sense of drama peculiar to a 
cleverly designed and lighted electronic studio Careful 
thought went into such questions as how the structures of 
biological macromolecules could best be represented, and 
how the games idea could be developed in the studio One 
invention was a molecular fruit machine (slot machine, in 
United States usage) to illustrate the difficulty of assembling 
the first genes unless some kind of ‘hold’ button was available 
in the primaeval soup For the grand gesture in the studio, a 
large tree diagram, showing evolutionary relationships, was 
to be painted on the studio floor On it would stand representa- 
tions of selected fossil plants and animals and also living 
animals including—for the Cecil B De Mille touch—an 
elephant 

Given this framework of the studio plan, the final studio 
script could be written and then the work on the scientific 
content was virtually complete But in practice the studio, 
as always, represented the most strenuous phase of the making 
of the programme, with the creative and technical talents 
of many people having to take effect simultaneously We had 
begun our thinking about the programme by wondering what 
was wrong with Jacques Monod’s philosophy of molecular 
evolution ın Chance and Necessity, we finished in a frenzy of 
anxiety lest the elephant should urinate on the studio floor and 
destroy the water-based paint of the evolutionary tree 

And what is the ‘story’ to which I have been referring? 
Many of its components have been mentioned but I must ask 
the reader’s forgiveness—it takes 150 min to tell 


Hypothesis of Post-recombination Resynthesis 


of Gene Copies 
H. L. K. WHITEHOUSE 
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Rectification of gene copies by replica- 


tion of a master copy cannot occur at 
every meiosis, or substantial DNA syn- 
thesis would result. If replication is the 
method of rectification, the process is*|' 
likely to be restricted, in any one meiotic 
cell, to the genes that have undergone 






recombination. E 


CALLAN! suggested that the gene ıs accompanied in tandem 
array by a series of copies of it, and that these “slaves” can 


` 


be made identical with the “master” copy—a process now often 
called rectification—by matching each slave in turn with the 
master An alternative to matching against a master as a 
means of rectifying gene copies 1s replication from the master 
as template Brown ef al? discussed this possibility, and 
suggested that DNA replication by a rolling-circle mechanism? 
may be responsible Buongiorno-Nardelli et a/ ^ favoured a 
similar hypothesis, with the replication restricted to metosis 
They suggested, furthermore, that there may be a regulatory 


e mechanfsm which determines the number of copies of all the 


genes showing multiplicity? 

Study of the nucleolar organizers—the genes for the major 
(18S and 28S) RNA component of the ribosomes—in Di osophila 
melanogaster has provided some support for*rectifieation by 
replication It seems that the number of copies of the nucleolar 
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Fig. 1 Diagram to illustrate the hypothesis of rectification of 
copies of a gene by replication from a master copy after recom- 
bination has occurred The lines represent chromatids at the 
pachytene stage of meiosis Four genes are shown and their 
master copies are labelled M, to M4 and their slaves S, to S4, 
respectively The four genes are represented by a total of four, 
two, eight and one copies, respectively a, The four genes and 
their copies as a linear structure b, The same as a cycloid with 
the slave copies in the loops c, The loops detached by intra- 
chromatid crossing-over d, A cross-over between the loop-free 
chromatid segment and a homologous chromatid, likewise with- 
out the slave copies of the genes The oblique segments of the 
chromatids are intended to indicate the extent of the hybrid DNA 
segments of the cross-over, shown extending through one gene 
and into another e, One of the recombinant chromatids f-m, 
Stages ın the formation of copies of genes M, to M by successive 
doubling of the size of a circle of DNA The rate of replication 
of each gene 1s shown as inversely proportional to the number of 
copies produced, in accordance with the hypothesis of control of 
numbers by differential rates of synthesis g, h, Genes one to 
three have completed 2/3, 1/3 and the whole of the first doubling, 
respectively z, J, They have completed 1/3 of the second doub- 
Ing, 2/3 of the first doubling, and the whole of the second 
doubling, respectively k, l, They have completed two, one and 
three successive doublings, respectively 


genes in D melanogaster can increase from one generation 
to the next The nucleolar organizers in D melanogaster are 
situated in the X and Y chromosomes and have been shown 
by hybridization of DNA and rRNA to comprise about 
255 and 200 copies respectively of the genef Mutants deficient 
in copies of the nucleolar gene have bobbed bristles’, for 
example, ninety-eight copies ‘for a severe mutant and 157 
for a weak one® Ritossa? and Tartof® found that flies carrying 
a bobbed mutant ın their X chromosome and lacking four 
fifths of their Y chromosome nucleolar organizer give progeny 
which have only a weak bobbed phenotype and have an increased 
number of copies of the X chromosome nucleolar geng, 
this effect 1s progressive so that within three generations the * 


mutants have reverted to wild type Likewise, Atwood? found, e 


that an increase 1n the number of copies of the Y chromosome 
nucleolar gene occurs in the progeny of flies which have a 
bobbed mutant în the Y 'chromosome, and an X chromosome 
deficient for the entire nucleolar organizer. Moreover, this and 
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other experiments? have shown that the increase ın number of 
gene copies 1s not the result of unequal crossing over between 
nucleolar organizers in homologous chromosomes These 
Increases 1n number of copies, apparently compensating for an 
overall deficiency, can be accounted for if synthesis of a new 
set of copies continues for one or more rounds of replication 
beyond the level reached 1n the previous generation 

Keyl!° found that the DNA contents of individual bands in 
the sahvary gland chromosomes of subspecies thumm: of 
Chironomus thummi are either equal to those of the corres- 
ponding bands ın subspecies piger or are two, four, eight or 
sixteen times greater These differences can be accounted 
for by successive doubling of the number of copies of particular 
genes in the ancestry of subspecies thummi during its evolutionary 
divergence from piger, but the absence of any doubling in 
piger 1s unexplained This absence, however, is accounted 
for 1f there 1s some overall control of the amount of replication 
in'the production of copies, and if in the piger ancestry a 
general reduction has occurred in this amount 

Miller and Knowland!! discovered that a mutant of Xenopus 
laevis with a small nucleolus has half the normal number of 
copies of the nucleolar gene, and furthermore synthesizes rRNA 
at only 25-40% of the normal rate’? This double defect 1s 
particularly interesting The halving of the number of copies 
can be accounted for if replication to produce the copies 
proceeds by a doubling mechanism, as Buongiorno-Nardelli 
et al ^ have suggested, and stops one round of synthesis early 
Js ıt possible that the slow rate of synthesis of rRNA ın the 
mutant occurs also for the synthesis of the copies of the gene? 
Keyl’s data!? for Chironomus thummi show that the number of 
copies of different genes differs considerably, so if 1t 1s true, as 
Amaldi et al ? suggest, that there 1s overall control of the number 
of copies of all the genes showing multiplicity, the controlling 
mechanism cannot act on the number of rounds of replication 
The rate of DNA synthesis 1s a possible controlling factor, 
with'a slower rate the smaller the number of copies The 
general control of the number of copies of all the genes may 
then be exercised through the time available at meiosis for the 
rectifying replication, while changes in the relative number of 
copies of individual genes, such as Keyl*? discovered, could 
operate through the hypothetical mechanism determining 
the rate of synthesis of copies 


Rectification and Recombination 


In view of this support from several sources for the idea that 
gene copres arise by replication—probably successive doubling 
or cascade replication, to account for the exponential series ^19 
—from a master copy, ıt seems worthwhile to consider the 
implications of such a hypothesis from the point of view of 
recombination In the form proposed by Buongtorno-Nardelli 
et al^ the hypothesis predicts a big turnover of DNA at 
meiosis, since the tandem array of copies of each gene is 
synthesized afresh But there 1s no evidence for extensive 
synthesis at this time Hotta and Stern’? found that about 
0 1% of the total DNA of Lilium pollen mother cell nucle: was 
synthesized at pachytene Yet the Lilium species they studied has 
a high DNA content (27 5 pg per haploid set of chromosomes!^ 
compared, for example, with 30 pg in man!) implying 
considerable multiplicity of many of its genes The Buongiorno 
model also fails to account for some features of recombination. 
There ıs evidence!5-!9 that in the recombination process the 
bringing together of nucleotide chains from the two parents 

*tó form hybrid DNA can extend through one gene and into 
a neighbouring one Their model does not explain how this 
can come about, nor how changes of nucleotide sequence 
resulting from recombination are transmitted to the copies 

It 1s well established that recombinant genes, for example 
wild type alleles arismg from crosses of two allelic mutants, 
function 1n the immediate progeny If the gene 1n question has 
multiple copies, and if 1t 1s these copies that are at least pre- 
dominantly responsible for gene expression, it follows that the 
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recombinant genotype must be transmitted to the gene copies 
immediately after ıt has arisen In Callan’s hypothesis! this 1s 
taken care of by postulating that the matching process occurs at 
the diplotene stage of meiosis at the base of each lampbrush 
loop For the replication hypothesis ıt 1s necessary, therefore, 
to postulate that the replication to give a set of copies of the 
gene takes place immediately after recombination has occurred 
and involves the copy of the gene which has taken part in 
recombination To accommodate the requirements for 
rectification and recombination the following steps seem 
necessary during pachytene (1) All the copies of the gene except 
one are detached from the chromatid as a result of a Campbell- 
type’? cross-over?? (Fig 1b, c) (2) The copy of the gene 
remaining in the chromosome, that 1s, the master copy, 
recombines with its counterpart in a homologous chromatid, the 
hybrid DNA sometimes extending into one or more neigh- 
bouring genes (Fig 1d) (3) The master copy then undergoes 
replication, presumably by a doubling or cascade process, 
to give a tandem array of copies alongstde itself ın the chromatid 
(Fig 1f-m) Replication m situ within the chromatid? 19 
seems more likely than detachment before replication*, because 
there is no evidence from recombination data for reciprocal 
exchange of whole genes, such as would be expected with 
simultaneous detachment of a particular gene from two 
chromatids in close proximity to one another 

Since detachment from the chromosome of all but one of 
the copies of a gene seems to be required not only for re- 
combination but also for rectification by replication, and in 
view of the relatively small amount of DNA synthesis at 
pachytene??, ıt seems likely that rectification at meiosis, if it 
occurs by replication, ıs confined to those genes which have 
been involved in recombination This conclusion offers a 
new explanation for one of the recombination. phenomena 


Cross-overs and Cross-unders 


Study of recombination in fungi?!-?* and in Droso- 
phila?*—?” has revealed that intragenic recombination can occur 
1n conjunction with a parental configuration of genes on either 
side Both cross-overgs and these non-cross-over recombination 
events are regularly associated with the phenomena of post- 
meiotic segregation and conversion Indeed the only consistent 
difference between cross-over and non-cross-over events, 
apart from the presence or absence of an exchange of homolo- 
gous segments of chromatids, is in their interference pattern 
cross-overs usually show positive interference with one another, 
but non-cross-over events show no interference with cross- 
overs??-2? In view of this similarity of "non-cross-over 
recombination events" to cross-overs, ıt would be convenient 
to denote them by a similar term, and so I suggest ‘“‘cross- 
under" This expression also 1mplies something less obvious 
than a cross-over, which 1s appropriate since a cross-under, 
not being associated with exchange of large chromosome 
segments, does not cause a chiasma, and even genetically 
can be detected only by the use of closely-linked mutants 

The frequency at meiosis of cross-unders out of total re- 
combination events (cross-unders and cross-overs) has ranged 
from about 30% ın several genes in Aspergillus nidulans 
(review ref 30) to about 80% 1n the me-7 gene of Neurospora 
crassa?! In no experiments have cross-unders been absent 
Their regular occurrence raises the question of their significance, 
since their effect 1s merely to exchange a few hundred nucleo- 
tides between homologous chromosomes In the presence of 
cross-overs this effect must be negligible I have argued?? +34 
that cross-unders are part of a mechanism for controlling the 
frequency and distribution of cross-overs in the chromosome 
If the recombination events were initially randomly distributed 
and ambiguous as to type, an enzyme system emoving along 
each chromosome pair at pachytene might switch some events 
to the cross-under pathway and others to the cross-over 
pathway, so that the cross-overs were spaced out 

On the other hand, 1f rectification is confined to genes that 
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have undergone recombination, the significance of cross- 
unders might be 1n maintaining a higher frequency of rectifica- 
tion than the cross-over frequency would allow Rectification 
would be necessary from time to time to remove differences 
between gene copies arising from mutation The random 
distribution of cross-unders along chromosomes might then 
be a response to selection favouring equal opportunities for 
rectification for all the genes, while selection might act quite 
differently on cross-overs and favour localizing them and 
spacing them out 


Testing the Post-recombination Hypothesis 


The hypothesis that rectification occurs at pachytene by 
replication from the copy of a gene which has been involved in 
recombination could be tested if it were possible to recognize 
this rectified DNA, for example, by introducing a density label 
at pachytene and finding segments of DNA labelled in both 
nucleotide chains Labelling with ?H-thymidine at pachytene 
should lead to silver grains at chiasmata in autoradiograms 
of first metaphase preparations, if the replication 1s occurring 
in regions of crossing over In practice these experiments 
obviously present formidable difficulties 

If replication of a gene to give a tandem array of copies could 
be detected from molecular studies, it would be possible to 
alter the recombination frequency, for example by changes 
of temperature, and to investigate whether there was a cor- 
responding change in the frequency of localized replication 
Likewise, mutants such as c(3)G in Drosophila?? which sup- 
press recombination would be expected to show no rectification 
If the increase in germ line nucleolar gene number$:?:? observed 
with bobbed mutants 1n genotypes with low numbers of these 
genes 1s caused by post-recombination replication, ıt would 
be expected not to occur in the c(3)G homozygote 

Measurements of the amount of DNA synthesis at pachy- 
tene!? in related organisms with different DNA contents per 
nucleus would be instructive If much of this synthesis relates 
to rectification, 1t should form a constant fraction of the total 
DNA content On the other hand, if this synthesis 1s part of the 
process of recombination, the absolute amount might be 
expected to be approximately constant, so species with a low 
DNA. content would have a larger fraction synthesized at 
pachytene than those with a higher content If the pachytene 
DNA replication does relate, at least in part, to rectification, 
and 1f autoradiograms could be obtained of DNA synthesized 
at this time, measurements of the rate of synthesis ın relation 
to the size of the replicated segment would test the hypothesis 
of differential rates as the means of controlling the number of 
copies of genes 

If rectification by replication 1s a regular sequel to recom- 
bination 1n any gene with multiple copies, and if the replication 
1$ semi-conservative, genes showing multiplicity will not show 
postmeiotic segregation Instead, half the copies of the gene 
will be of one genotype and half of the other, corresponding 
to the mutational difference between the two chains of the DNA 
of the master copy of the gene In consequence, genetic 
instability might be evident — Although possible examples of 
postmeiotic segregation are known in Diosophila?9?7, the 
phenomenon ıs well established only ın fungi The discovery 
of a fungal gene, mutants of which when crossed with wild 
type failed to show  postmeiotic segregation but gave 
some unstable progeny, would provide support for the 
hypothesis Conversely, the occurrence of postmeiotic seg- 
regation suggests either that the gene concerned does 
not show multiplicity, or that rectification is not by 
replication 

Note'added in proof Smyth and Stern? have studied the re- 
annealing kinetics of the DNA synthesized at pachytenein Lilium 
and have concluded that the bulk of it contains nucleotide 
séquences repeated 2,400 to 3,080 times 1n each pollen mother 
cell This discovery is in agreement wth the present hypothesis, 
although the uniform degree of repetition which they found 
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1s not expected, since different genes are thought to have 
different numbers of copies 
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Focal mechanisms of about eighty in- 
traplate earthquakes and other informa- 
tion on in situ stress indicate that the 
interiors of many lithospheric plates are 
characterised by large horizontal com- 
pressive stresses. These stresses seem to 
be related to the driving mechanism of 
plate tectonics. 


ABOUT 90% of the world’s earthquakes occur along the 


boundaries of lithospheric plates Focal mechanism solutions 
of earthquakes have provided a detailed description of the 
type of faulting and the nature of the displacements for most 
of the major plate boundaries! Another class of shocks, 
intraplate earthquakes, are less numerous than those along 
plate boundaries and have received relatively little study 
Consequently, their cause and tectonic settings have not been 
well understood 

Here we attempt to determine the type of faulting and to 
infer the state of stress within lithospheric plates on a world- 
wide scale from analyses of focal mechanisms of about eighty 


earthquakes, most of which are located well away from plate e 
Our principal result ıs that a large percentage of, e 


boundaries 
these shocks, particularly those not located near mid-ocean 
ridges or behind subduction* zones, are characterised by'a 
predominance of thrust. faulting In the few areas of the 
world for which they are available, other determinations of the 


state of stress from overcoring, hydrofracturmg and recent 
crustal movements support our conclusion that large areas in 
the interiors of many lithospheric plates are characterised by 
high horizontal compressive stresses These seem to be 
uniform in orientation over sizable regions for the few cases 
where sufficiently dense data are available 

The very existence of earthquakes in the interiors of the 
plates indicates that the approximation that plates are un- 
deformed except at their edges 1s not completely correct even 
though this assumption seems to be a good working hypothesis 
for many purposes The intraplate earthquakes discussed in 
this paper are all of shallow focus and are located in areas 
where lithospheric plates are horizontal Here we present 
evidence which indicates that the most consistent parameter 
in focal solutions of shallow earthquakes remote from plate 
boundaries ıs the orientation of one of the principal stresses 
Earthquakes beneath deep-sea trenches, which involve normal 
faulting, and intermediate and deep shocks? are other examples 
of intraplate events in which the direction of one of the principal 
stress axes 1s consistent for various nearby shocks In contrast, 
slip vectors, rather than principal stress axes, are consistent for 
earthquakes along a given plate boundary? 
* "While intraplate earthquakes are not numerous compared 
with shocks along active plate margins, intraplate shocks as 
large as magnitude 7 have occurred ın several populated areas 
including parts of central and eastern North America, Europe, 
Australia and» South Africa Examples of destructive and 
large intraplate earthquakes include New Madrid, Missouri 
1811-12, Charleston, South Carolina 1886, Cape Ann, Massa- 
chusetts 1755; Grand Banks 1929, Meckering, Australia 1968, 
and several large earthquakes in the St Lawrence Valley*. 
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Fig. 1 Short-period vertical seismograms of earthquake neat 
north-east coast of Greenland on November 26, 1971, of magni- 
tude my —52  Deflexions of trace indicate minute marks, and 
upward motion of ground is up on recerds Station abbrevia- 
tions, distances and gains are as follows from top to bottom 
NUR, 22 8°, 25k, STU, 322°, 25k, KBL, 557°, 400k, QUE, 
59 6°, 200k The first motion 1s a clear compression (up) at 
NUR and a clear dilatational (down) at KBL and QUE Initia- 
tion of P wave and first motion cannot be read at STU, which 1s 
inferred to be near a nodal plane The four stations are labelled 
on focal mechanism solution in Fig 2 Arrivals of four P waves 
are aligned approximately vertically Light portions of traces 
are retouched 


These events are characterised by very large areas of per- 
cepübility compared with most shocks of similar magnitudes 
and energies along plate boundaries Thus, although they are 
not numerous, large intraplate shocks constitute an environ- 
mental risk that must be taken into account in the design and 
siting of critical facilities such as nuclear reactors and other 
large man-made structures The presence of high compressive 
Stresses 1n the interiors of many hthospheric plates indicates 
that the possible triggering of earthquakes by processes that 
reduce rock strength, such as high-pressure fluid injection and 
reservoir impounding, must be evaluated carefully 


Large CompresSive Stresses 


Determinations of stress i situ, principally by the overcoring 
technique, indicate that measured horizontal compressive 
stresses are much larger than lateral (and even vertical) stresses 
calculated from the weight of the overburden in Fennoscandia?, 
eastern and central North America®-8, the Colorado 
Plateau*-!? and various parts of the USSR!?:!?. ' Thus, the 
horizontal component of the stress in these areas must be 
largely tectonic Although most of these measurements were 
made primarily for engineering purposes, Voight? recognised 
that the data may provide important constraints for models 
of the driving mechanism of large-scale tectonic processes 
Nevertheless, very few authors have distinguished between 
measurements made 1n what are now recognised as the interiors 
of plates with those that are pertinent to plate margins 

Sbar and Sykes? examined the directions of principal stresses 
m central and eastern North America as inferred from in situ 
measurements by the overcoring and hydrofracturing tech- 
niques, focal mechanisms, and postglacial geological features 
They found good agreement among the various techniques 
and showed that the greatest principal stress trends nearly 
ENE throughout a large region that includes much of the 
eastern and central United States Focal mechanisms of about 
ten earthquakes in western Europe north of the Alps dre 
characterised by either thrust or strike-slip faulting such that 
the axes of maximum compressive stress trend consistently 
north-west!? Thus, in two areas where relatively dense 
Observations of stress are available, the maximum compressive 
stress seems to be horizontal, to be large, and to have a similar 
trend throughout a broad region These factors led us to 
examine the state of stress within lithospheric plates on a 
global basis 
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Focal Mechanism Data 


We examined a magnetic tape file of epicentral locations 
reported by the National Oceanographic and Atmospheric 
Administration. from 1961 to 1971 for obvious intraplate 
earthquakes About half of the seventy-nine mechanism solu- 
tions used in this article were determined by us A list of 
these events and their mechanism parameters is available from 
us 

Even though intraplate earthquakes are relatively rare, we 
were able to obtain a large number of solutions by successfully 
analysing the first motion of compressional waves for events 
as small as magnitude m,=50 using standard short-period 
records Clear, impulsive first motions of P (Fig 1) and PKP 
are often observed on short-period records for intraplate 
events of 50<m,<55 As many intraplate earthquakes 
involve dip-slip faulting, stations at distances greater than 
about 40° (Fig 2) are often remote from a nodal plane, and 
therefore record P waves with a distinct first motion The 
focal mechanism solution shown in Fig 2 for an event of 
My=52 1epresents about the average quality of the various 
solutions reported here 

These factors and the simplicity of the waveform of P 
indicate that the corner frequency for these events is higher 
than about 1 Hz and that the instruments *'see" a point source 
rather than the initiation of motion from a complex moving 
source as is generally the case for my» 5 5 Most intraplate 
earthquakes have a larger short-period magnitude, mm, than 
do events along plate boundaries of the same long-period 
magnitude, M; The enrichment in short-pertod energy may 
be caused by greater effective stresses that may be present 
within plates and/or higher Q paths through the upper mantle, 
as intraplate events tend to be located in older (and presumably 
colder and thicker) lithosphere than events along zones of sea- 
floor spreading and transform faulting 


Stress Distribution 


Figure 3 summarises information on the state of stress as 
inferred from about eighty focal mechanism solutions of intra- 





Fig 2 Focal mechanism (first motion) solution for earthquake 


è near NE coast of Greenland on November 26, 1971 Plot is 
equal-area projection on lower hemisphere of radiation field 
€. Compressions, ©, dilatations, X, arrivals near nodal 
plane, P and T are inferred axes of maximum and minimum 
*compressive stress Large symbols denote more reliable read- 
ings Solution ts characterised by a predominance of normal 
faulting First motions shown in Fig ‘l are labélled with three- 

letter codes for stations 





Fig 3 Worldwide summary of focal mechanism solutions of 


intraplate earthquakes A, Thrust, O, strike-slip, D, normal, 
X, mantle plumes inferred by Morgan?*?5  Inwardly directed 
arrows indicate axis of maximum compressive stress (P axis) 
and outwardly directed arrows denote least compressive stress 
(T axis) Dashed arrows indicate less reliable directions Solu- 
tion in western Europe is representative of ten mechanisms with 
similar orientation of P axes Major plates are labelled 
Hatching indicates major subduction zones (Mediterranean- 
Himalayan zone omitted), and solid line represents plate 
boundaries of extensional and transform type 


plate earthquakes The solutions are classified as a pre- 
dominance of either thrust, strike-slip or normal faulting The 
first motions of P and PKP are good enough to support this 
classification for nearly all the events reported As in other 
mechanism studies, we equate the P and T axes of the focal 
solutions with the axes of maximum and minimum compressive 
stress For some of the dip-slip events the azimuths of the nodal 
planes and of the horizontal principal stress are less reliable 
Thus, for these events we show only the type of faulting and 
not the azimuth of the horizontal principal stress Although 
the radiation patterns of surface waves can be used to determine 
this azimuth with greater precision!^-!5, we did not employ 
it here as substantial additional data analysts 1s involved 


nee 





Table 1 Number of Focal Mechanism Solutions as a Function of 
Predominant Fault Type 
Thrust Normal  Strike-slip 
Total events (1 to 69, Fig 3) 34 22 13 
Total minus regions behind arcs 31 18 8 
Total minus regions behind arcs, 
close to ridges or 1n East Africa 29 4 7 (61n 
Indian plate) 


a 


In the Pacific plate each of the solutions in Fig 3 1s charac- 
terised by thrust faulting In the Atlantic, the solutions for 
earthquakes located well away from the mid-Atlantic ridge 
also mvolve thrusting ‘Table 1 indicates that thirty-four (49%) 
of the total solutions in Fig 3 involve thrusting The per- 
centage of thrusting increases to 73% when events located 
near ridges, behind subduction zones or in East Africa are 
deleted 

Each of the three main types of faulting 1s found behind 
active subduction zones, although a single stress pattern 
usually prevails behind a given arc For example, focal 
solutions and other geophysical data indicate horizontal com- 
pression ın the lithosphere behind the Honshu and South 
American arcs and extension behind the Bonin-Mariana and 
Tonga-Kermadec arcs!7-?! The state of stress behind active 
subduction zones does not seem to be typical of that in hori, 
zontal portions of the lithosphere Evidence for exterfsion in 
the Basin and Range province of the western United States 
1s omitted from Fig 3 as the tectonics of that region does not 
seem to be intraplate and it may reflect processes associatéd 
with a former s@bduction zone or the cessation of subduction 
near the west coast of the Untted States??:2? 
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Figure 4 shows the type of faulting 1n oceanic areas as a 
function of the age of the crust inferred from magnetic anomalies 
and deep-sea drilling Thrusting predominates for crust older 
than 20 my, normal faulting ıs typical of zones of seafloor 
spreading at ridge crests and of crust younger than about 
10 to20 my Clearly, the state of stress within the plate has 
changed from horizontal extension to horizontal compression 
within the past few tens of millions of years, as 1t moved away 
from the ridge crest The precise age and nature of the 
boundary between thrusting and normal faulting, however, 
are not well defined Six of the eight examples of normal 
faulting for regions younger than 20 my and not located on 
ridge crests come from nearly the same Jocation in the Indian 
Ocean near a large seamount at the southern end of the Chagos- 
Laccadiveridge?* Although solutions characterised by normal 
faulting were not found near the East Pacific Rise, the one 
thrusting solution at 10 my indicates that the transition to 
normal faulting on that ridge system occurs for crust of younger 
age . 

No examples of normal faulting were found for oceanic crust 
older than 10 to 20 my Normal faulting was detected for an 
event 1n New Jersey and for shocks near the coasts of Green- 
land, the Antarctic Peninsula, and Baffin Island (Fig 3) All 
of these events, however, were located on the continental shelf 
or within continents and not on oceanic crust We refrain 
from further speculation about stresses near continental 
margins, as the number of events is small 

Although not as clear as in the older oceanic lithosphere, 
many continental areas, interior to plates, are also characterised 
by large horizontal compressive stresses Focal mechanism 
solutions in Fig 3 and/or measurements of m situ stress 
corroborate this for western Europe and Fennoscandia5:!3, 
large areas of the USSR!':1?, most of the United States east 
of the Basin and Range Province, western Australia, and 
peninsular India 

Several examples of normal faulting are found in East 
Africa (Fig 3) These events were not located along what 
are normally regarded as active rifts?? Nevertheless, it 1s 
difficult to tell if these solutions are better characterised as 
intraplate events or as earthquakes assogiated with a wide and 
complex plate boundary within a continent A simular prob- 
lem was encountered in characterising earthquakes in the 
broad seismic zone, which probably involves continental 
collision, in the Mediterranean, Central Asia and the Hima- 
layas?$ The mechanism of the Libyan earthquake in Fig 3 
may be related to this broad plate boundary 
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Fig. 4 Typesof focal mechanism as a function of age of oceanic 

crust Note predominance of normal faulting on, or close to, 

ridge crests and predominance of thrust faulting for ages greater 

than 20 my C3, Normal, gg, thrust, 92, strike-slip type 

faultmg A, Mid-Atlantic ridge, P, Pacific ridges, L, mid- 
Labrador sea ridge, I, mid-Indian ridges 
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Driving Mechanism 


From a compilation of focal mechanism solutions Fitch 
et al 1* concluded that the orientation of the maximum com- 
pressive stress (P axis) varied smoothly throughout the Indian- 
Australian plate As the axes of least compression (T axes) 
for their solutions pointed toward the Java trench, they con- 
cluded that gravitational sinking of a lithospheric slab at the 
subduction zone was an important force driving this plate 
All of their solutions 1n the north-east Indian Ocean, however, 
involved strike-slip faulting Additonal mechanism solutions 
for this plate (Fig 3) indicate thrust as well as strike-slip 
faulting The two types of solutions show a similar orientation 
of the maximum compressive stress for nearby events 44 and 
45 An explanation of these data is that the minimum and 
intermediate principal stresses are of similar size, making 
possible either thrust or strike-slip faulting As either one of 
the minimum and intermediate principal stresses 1s vertical, 
they both must be similar in magnitude to the stress resulting 
from the weight of the overburden This implies that a 
significant horizontal tensional component 1s not being applied 
to the stress field in this region as a result of gravitational 
sinking Instead, the mechanism solutions indicate a large 
horizontal compressive stress, apparently of tectonic origin 

These conclusions are further supported by thrusting 
mechanisms (Fig 3) of shocks located seaward of the Aleutian, 
Kurile, Tonga and Lesser Antillean arcs If gravitational 
sinking were primarily responsible for the stress distribution 
in plates, normal rather than thrust faulting would be typical 
of intraplate deformation (Fig 5a) Earthquakes beneath 
deep-sea trenches':?!»?8-3° are typified by normal faulting, 
but the causative stress seems to be related mainly to the 
flexure of the lithosphere Normal faulting reported for an 
event on the outer wall of the Japan trench also seems to be 
related to flexure rather than to a gravitational sinking 
mechanism as proposed by Shimazaki?! Evidence from 
topographic and gravity anomalies also indicates great hori- 
zontal compressive stresses seaward of several Pacific 
trenches??:33 The opening of the South Atlantic is also 
difficult to explain solely by gravitational sinking as the 
African and Americas plates are not being subducted except 
in very local areas?* — These observations, of course, do not 
rule out gravitational sinking as a contributory driving force 
even it 1t is not the primary driving mechanism It may well 
be responsible for the distribution. of stress in. downgoing 
plates 1n island arcs? 

Several events in Fig 3 are located so close to plate boun- 
dartes that ıt is not certain if their mechanisms reflect intraplate 
stresses or boundary effects Even though events 50, 51 and 60 
are located Just seaward of deep-sea trenches, their thrusting 
mechanisms are distinctly different from normal faulting that 








Fig 5 Schematic diagrams of various mechanisms for gener- 
ating stresses within lithospheric plates Single arrows denote 
relative motions and double arrows denote either compressional 
(inward) or tensional (outward) deviatoric stresses a, Gravita- 
tional sinking ın island arc, b, gravitational sliding or pushing 
from ridge, c, mantle plume, d, rapid flow in asthenosphere, 
e, Stresses related to cooling of lithosphere Hatching in a 
denotes mass excess caused by either cooler material or increased 
elevation of phase boundaries in sinking slab 
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characterises events within trenches As thrusting is also 
found elsewhere in the Pacific plate, we interpret these three 
solutions as intraplate events and not as boundary effects 
Events 61, 64 and 65, however, are located behind subduction 
zones near volcanic arcs Their mechanisms may be related 
to the flexure of the lithosphere, other boundary effects, or, in 
the case of events 64 and 65, to inter-arc spreading?? Event 
13 was located about 50 km west of the rift valley and the 
main seismic zone of the mid-Atlantic ridge?> It is difficult to 
characterise this event as a plate boundary or an intraplate 
phenomenon 

Several other mechanisms for driving plates and for stressing 
their interiors are shown schematically in Fig 5 Observations 
of normal faulting close to active ridges and thrusting at 
greater distances are compatible with plates being driven from 
below by flow in the asthenosphere or by gravitational sliding 
or pushing from the general area of ridge crests The easterly 
trends of the maximum compressive stress in the south-east 
Pacific provide evidence for these two mechanisms, as they are 
nearly perpendicular to the crest of the East Pacific Rise The 
trends for solutions 18, 19, 21, and 23 in the Atlantic, however, 
are nearly parallel to the axis of the mid-Atlantic ridge 
Although the trends for these three solutions are not precisely 
constrained by first-motion data, the uncertainty probably 
does not exceed 25° for events 19 and 23 Likewise, the 
maximum compressive stress for events in western Australia, 
at least one of which 1s well constrained to be nearly east-west 
from the radiation pattern of surface waves and from observa- 
tions of surface faulting!^, is nearly parallel to the axis of ' 
the nearby branch of the mid-Indian Ocean ridge Thus, 
several solutions do not fit a simple model in which gravita- 
tional sliding or pushing from a line source located at the ridge 
crest ıs the primary motive force of plate tectonics 

Another possible source of compressive stresses within plates 
is not related to the driving mechanism, but merely to the 
gradual cooling and thickening of lithospheric plates (Fig 5) 
In that stresses may be frozen in as in the cooling of glass In 
oceanic areas the transition. from normal to thrust faulting 
occurs for crust about 10 to 20 my old This age is nearly 
the same as the thermal time constant for the formation and 
destruction of the lithosphere'?* Nevertheless, we would 
expect that compressive stresses frozen into the oceanic litho- 
sphere by this mechanism would exhibit some systematic 
alignment with respect to the direction of lithospheric cooling 
and thickening As ın the case of gravitational sliding, the 
P axes of focal mechanisms do not seem to have such a sys- 
tematic orientation Near solutions 18, 19 and 23, however, 
the pattern of sea-floor evolution is not well known and we 
cannot evaluate this mechanism definitively 

Morgan??:35 suggests that mantle plumes are the main 
driving mechanism of plates We attempted to test the simple 
case where each of the plumes he proposes (Fig 3, X) was of 
equal strength and the maximum compressive stress was 
orientated radially about each plume The orientations of the 
P axes from focal mechanisms do not obviously correlate with 
those predicted by the simple model Also, the directions of 
principal stresses ın Fig 3 do not seem to correlate with 
directions of absolute plate motions inferred by Morgan?5:36 
from tracks of hot spots 

Although we cannot isolate a single mechanism as the 
driving force of plate tectonics, data on the distribution. of 
stress on a worldwide basis provide valuable constraints on 
proposed mechanisms We refrain from looking for patterns 
in the directions of principal stresses in Fig 3 as the data points 
are widely spaced except for those in eastern North America 
and northern Europe where the stress fields do, 1n fact, appear 


* to be uniform over large areas Additional focal mechanism 
* esolutions and i sifu stress measurements by the overcoring 


and hydrofracturing techniques should help to clarify if stress 
fields generally vary rapidly or are nearly uniform in extent 
over broad areas in the interiors of most plates The density 
of stress determinations in oceanic areas could be greatly 
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increased by using ocean-bottom seismographs for first-motion 
studies and by making hydrofracturing measurements 1n holes 
drilled into Jayer 2 of the oceanic crust 
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Infrared and X-ray Variability 
of Cyg X-3 
CYGNUS X-3 ıs a candidate for the radio source which ın Sep- 
tember 1972 experienced a series of exceptional radio out- 
bursts! The X-ray emission ıs chiefly distinguishable as 
showing periodic intensity variations with a period of 48 b 
(ref 2), 1f these variations are caused by an eclipse, the orbital 
period is the shortest observed up to this time from an X-ray 
source The definite 1dentification of the radio source with 
the X-ray source has remained unconfirmed up to now 
because of the poor positional accuracy of the X-ray source, 
the error box ın the 3U catalogue ıs about 1 X2 arc min (ref 
3) Although there 1s no visual candidate for Cyg X-3 to a limit 
of ~2X10-2 W m^? Hz (V~23 mag) (ref 4), at infrared 
wavelengths Becklin et al* found a source coincident to +2 
arc s with the radio position At 22 yum, the flux density is 
approximately 2x10-% W m^? Hz, whereas the 165 to 
22 jm colour of the infrared source 1s consistent with a 
Rayleigh-Jeans spectrum which is reddened by 15 mag at 
22 pm by the interstellar medium ‘There 1s no reason to 
suppose that the source 1s intrinsically more luminous ın the 
infrared than at visible wavelengths 

Here we describe the coordinated X-ray and infrared obser- 
vations at Cyg X-3 These observations have led to the dis- 
covery of a synchronous 4 8-h periodicity 1n the flux density 
of the infrared source This uniquely associates the X ray 
with the infrared source, and hence, through the pésitiona 
coincidence, with the radio object Im addition, short term 
variability in the infrared flux of Cyg X-3 is described which 
may be related to the flares'seen at radio wavelengths An 
improved estinfate of the X-ray position 1s also given 

The main infrared observations presented here were made 


at the Cassegrain focus of the Hale 200-inch telescope on 
July 9 and 11, 1973, UT The photometer, using a focal plane 
chopper to remove background radiation, has been described 
by Becklin and Neugebauer‘, both à PbS and an InSb 
detector were used at 22 um The area around Cyg X-3 1s 
crowded, and so a 5 arc s small aperture was used and the 
photometer oriented to avoid contamination by field stars 
X-ray data were obtained on July 9, 1973, UT, using a col- 
lmated proportional counter sensitive in the 1 to 3 A wave- 
length range which ıs part of the MSSL X-ray package on 
board Copernicus The system has a field of view of approxi- 
mately 3° full width at half maximum and an effective area 
of 17 cm? The counter background is reduced by an anti- 
coincidence system between the stellar and calibration 
sections of the detectors, and by pulse-shape discrimination 
of the output from the stellar channel The resulting back- 
ground rate in orbit 1s of the order of 30 counts per integra- 
tion period of approximately 625 s and this 1s removed 
using correlations derived between the 1 to 3 À guard channel 
signal and the background level observed when no X-ray 
emitting object is within the field of view of the detector The 
guard channel outputs the number of pulses registered due to 
the previously mentioned rejection systems The Copernicus 
spacecraft provides a stabilised platform which enables con- 
tinuous observation of a source to be made for extended 
periods Breaks in the X-ray data are caused by Earth occul- 
tation and passage through the South Atlantic Anomaly 
e »Following the initial discovery of the infrared object, 
refined measurements were obtained on the position and size 
of the infrared source as well as the presence of other 1nfra- 
red sources ın the field The location of the Cyg X-3 infrared 
candidate wag remeasured with respect to visual local field 
stars which are also infrared sources, four such objects, 
whose positions were determined with respect to 23 SAO 
stars, lie within ~30 arc s of Cyg X-3 The 1950 0 positions 
of the infrared and the radio source are given in Table 1 
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Surface Carbohydrates of the Eukaryotic Cell 


G. M. W. Cook and R. W. Stoddart 
October [973, approx. 300 pp., £7.00 
0 12 186850 8 


The aim of this book is to provide a general survey of surface carbohydrates of eukaryotic cells encompassing 
both the animal and plant kingdoms It draws together, for the first time, what have been disparate lines of 
approach to this rapidly expanding and tmportant field A number of basic concepts have been emphasised and 
possible points of future development are indicated  Biochemists, cell biologists, organic chemists, botanists, 
zoologists, immunologists, pathologists and those within related fields of medicine, actively engaged within this 
area of research, will find this work to be of great value 


Topics in Numerical Analysis 
Proceedings of the Royal Irish Academy Conference on Numerical Analysis, 1972 


edited by John J. H. Miller 
November 1973, approx. 362 pp., £7.00 
0 12 496950 X 


A conference on numerical analysis RIANA 1972, was held under the auspices of the National Committee for 
Mathematics of the Royal Irish Academy at University College, Dublin, in August 1972 Organised and directed 
by Dr Miller, it brought together more than 250 numerical analysts and associates from 18 countries The papers, 
by reporting on the current research work of the invited speakers, range widely over the field of numerical 
analysis Also included is an introductory discourse by Professor Cornelius Lanczos which traces the development 
of computing through history The volume will be of interest to every numerical analyst Because of rts breadth 
of coverage, it will also appeal to all othe- mathematicians, scientists and engineers using numerical techniques 
in their own work 


The Systematics Association Special Volume No. 5 


Taxonomy and Ecology 
edited by V. H. Heywood 


Published for the Systematics Association by Academic Press 

October 1973, x--370 pp., £7.00 

0 12 346960 0 

This volume represents the proceedings of an international symposium on the relationship between taxonomy 
and ecology, sister sciences which use similar techniques and draw mainly on the same material—plants 
and animals as they exist in natural populations To a large degree they are interdependent Yet they have 
developed separately, without sufficient collaboration or discussion of common problems The symposium builds 


bridges between the two disciplines, exploring ecological factors and speciation, btocoenology and taxonomy, 
relationships, and the practical role of ecological data In taxonomy 


Chemistry and Biochemistry of Herbage Volume 2 


edited by G. W. Butler and R. W. Bailey 

November 1973, xvi+-417 pp., £8.80 

0 12 148102 6 

This is the first work to provide a comprehensive treatment of the chemical composition of the herbage of the 
world's grasslands, and the factors which influence changes in herbage composition 

Contents of Volume2 Vitamins Water in herbage Biochemistry of photosynthesis Physiology of light utilization 
by swards Mineral absorption and its relation to the mineral composition of herbage Mineral biochemistry of 
herbage Organic acids, and their role in ion uptake Symbiotic nitrogen fixation by legumes The nitrogen cycle 
of pasture ecosystems Cycling of mineral nutrients in pasture ecosystems Changes accompanying growth and 
senescence and effects of physiological stress Organic reserves and plant regrowth Genetic variation in herbage 
constituents 


Advances in Parasitology Volume 11 


edited by Ben Dawes 

November 1973, xx-+756 pp., £14.00 

0120317117 

From a review of a previous volume "The volumes in this series are essential equipment for any establishment 
engaged in teaching parasitology or in research on any parasitological problem ' 

M G Christie in The British , Veterinary Journal 

Contents include The trypanosomes of Anura Global problems of important disease Control of arthropods of 
medical and veterinary importance The epidermis and sense organs of the Monogenea and some related groups 
Ultrastructure of the tegument of Schistosoma Functional morphology of cestode larvae Lungworms of the 
domestic pig and sheep d 


For a descriptive leaflet on any of the above titles, please write to ghe publishers 
e. 


Academic Press Lorfdon and New York 


A Subsidiary of Harcourt Brace Jovanovich, Publishers 


24-28 Oval Road LII Fifth Avenue, New York 
London NWI, England NY 10003, USA 
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SOIL ORGANIC MATTER AND 
ITS ROLE IN CROP PRODUCTION 


Developments in Soil Science, 3 


by F E Allison, formerly of the United States Department 
of Agriculture, Washington, D C 


1973 approx 630 pages Dfl 130 00 (about US$50 00) 


CONTENTS 


The soil and living matter in it. Formation and nature of 
organic matter of mineral soils Sources and possible fate 
of nitrogen in mineral soils Functions and effects of or- 
ganic matter in mineral soils Some organic matter and 
crop management problems in mineral soils Organic soils 


THE PHYSICAL PRINCIPLES OF 
ROCK MAGNETISM 


Developments in Solid Earth Geophysics, 5 


by F D Stacey, University of Queensland, Brisbane, 
Australia, and S K Banerjee, University of Minnesota, 
Minneapolis, USA 


1973 about 244 pages Dfl 60 00 (about US$23 10) 


CONTENTS 


Magnetic properties of solids Magnetic minerals Ferro- 
magnetic domain theory Properties of magnetite grains 
and the rocks containing them Properties of hematite 
grains Thermal activation effects Thermoremanent mag- 
netization (TRM) Depositional remanent magnetization 
(DRM) Chemical remanent magnetization (CRM) Alternat- 
ing field demagnetization and anhysteretic magnetization 
Piezomagnetic effects Reversals of remanent magnetiza- 
tion Magnetism in meteorites 


Elsevier 


PO BOX 211 
AMSTERDAM - THE NETHERLANDS 


1201E 
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GRANITES AND THEIR ENCLAVES 


The Bearing of Enclaves on 
the Origin of Granites 
Developments in Petrology, 3 


by J Didier, Professor of Geology, University of Western 
Britanny, Brest, France 


1973 408 pages Dfi 100 00 (about US$38 50) 


CONTENTS 


Enclaves of the autochthonous leucogranites with the 
Massif of Millevaches (French Massif Central) as an 
example The enclaves of the autochthonous granodiorites 
and quartz-monzonites of the Velay Massif in the French 
Massif Central The enclaves of an intrusive leucogranite 
The Massif of Echassieres (French Massif Central) 

The enclaves of an intrusive granodiorite The Aigoual 
and St Guiral-Liron massifs (French Massif Central) The 
enclaves of subvolcanie granites The massifs of Sara-Fier 
and the Pankshin Hills in Nigeria The enclaves of granites 
associated with basic rocks Comparison of enclaves in 
the different types of granite Determining the origin of 
enclaves Xenolithic enclaves in intrusive granites The 
microgranular enclaves of the intrusive granites The sur- 
micaceous enclaves Other enclaves of the migmatitic 
granites Schlieren Mineral nodules Shear zones 


ISLAND ARCS 
Japan and Its Environs 


Developments in Geotectonics, 3 

by A Sugimura, Geological Institute, The University of 
Tokyo, and S Uyeda, Earthquake Research Institute, The 
University of Tokyo 

1973 256 pages Dfl 67 00 (about US$25 80) 


CONTENTS 


Geophysical and Geological Features of Island Arcs His- 
tory of Island Arcs Processes under Island Arcs 


TUNNELING IN ROCK 


Developments in Geotechnical Engineering, 3 


by E E Wahlstrom, Department of Geological Sciences, 
University of Colorado, Boulder, Colorado 


1973 264 pages Dfl 55 00 (about US$21 20) 


CONTENTS 

About tunnels Petrography of unaltered rocks Rock al- 
teration Elementary rock mechanics Fracture and fold 
anisotropy in rocks Hydrogeology, temperatures, and 
gases in tunnels Geological investigation of proposed 
tunnel locations Application of geological investigations 
to tunnel planning and design Tunneling methods Geo- 
logical investigation during tunnel construction 


THE CHEMISTRY OF CLAY MINERALS 


Developments in Sedimeniology, 15 


by C E Weaver and L. D. Pollard, Georgia Institute of 
Technology, Atlanta, Ga 


1973 221 pages Dfl 65 00 (about US$25.00) 


CONTENTS 

lite Glauconite Celadonite Smectite Chlorite Vermicu- 
lite Mixed-Layer Clay Minerals Attapulgite and Palygor- 
skite Sepiolite Kaolinite Dickite and Nacrite Halloysite 
Allophane Trioctahedral 1 1 Clay Minerals Low-Tempera- 
ture Synthesis Relations cf Composition to Structure 
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Fig. 1 The 48-h periodicity of Cyg X-3 The X-ray data have 

been averaged over the 6-min integration times of the infrared 

data During the time period shown the infrared flux from a 

comparison star located within 5 arc min of Cyg X-3 was constant 
within +2% July 9, 1973 


Measurements of relative fluxes in different sized apertures 
show the source 1s less than 3 arc s in diameter Finally, a 
map of the area 15X15 arc min surrounding the source 
was completed to a flux level of 109 W m^? Hz" at 22 um 
No further infrared sources other thán the faint visible field 
stars (see Fig 1 of ref 4) were discovered 


Table 1 New X-ray and Infrared Positions (1950 0) of Cyg X-3 
Right ascension Declination 
X-ray 20h 30min 395s +358 +40° 47’ 00” x40" 
Infrared 20 30 3764 +010 40 47 125 +10 
Radio 20 30 37619 +0010 40 47 1262+015 


The radio position 1s from ref 7 


Table 1 also gives a new position of the X-ray source as 
determined with the Copernicus satellite The error quoted is 
the radius of uncertainty for 90% confidence The determina- 
tion of positions with the Copernicus instrumentation has 
been described elsewhere® 

Figure 1 shows 22 um and X-ray observations taken on 
July 9, 1973, UT, a night on which 9 h of uninterrupted 
infrared observations were obtained The periodicity of the 
X-ray data is duplicated by the infrared data In particular, 
both curves are closely ın phase although the relative amplie 
tude of the infrared variation 1s smaller than that of the X rays 
and the monotonic decrease present in the mean of the X-ray 
data is apparently missing from the infrared data 

Infrared data taken on July 11, 1973, UT, are shown in two 


time scales in Fig 2 The data in the left of Fig 2 present an zio 


example of a sharp cutoff from the maximum to the lower 
flux level The more detailed, right-hand portion, however, 
shows that at least two outbursts are seemingly superimposed 
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on the minimum of the periodic variation, the amplitude 
of the larger outbursts exceeds the previous maximum almost 
by a factor of two yet lasts for only slightly more than two 
minutes The source was also examined for periodic intensity 
changes ın the range from —0 5 to 150 Hz, no evidence for 
such fluctuations was found to a level of 10-9 W m~? Hz-! 

In addition to the measurements of July 9 and 11, four 
other, more limited, sets of infrared observations of Cyg X-3 
have been made with the 200 inch Clear evidence for the 
48 penodicity was seen on five nights between June and 
August, 1973 Significantly, although the ratio of maximum 
to minimum flux was the same for all these observations, the 
mean intensity ın June was almost twice that obtained in 
July Although on some nights only the 48 periodicity is 
seen, on other nights more unpredictable large amplitude 
flaring occurs, in one case so intense as to mask any 4 8-h 
periodic variation 

Measurements of the colour of Cyg X-3 were made at three 
times during the cycle on July 10, 1973, UT The data were of 
low signal to noise ratio because of the redness of the object 
(16 um]H22 um]zz10 mag) but there was evidence on 
the level of two standard deviations that the source became 
bluer while in its minimum phase 

It is clear that the infrared and X-ray data presented here 
refer to the same object, and further that the positional 
agreement of the infrared source with that of the radio 
source 1s not accidental In the rest of this discussion, there- 
fore, we accept the conclusion that the X-ray, the infrared, 
and the radio emission all originate from the same system 
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Fig.2 The infrared flare of July 11, 1973 On the left hand 

side, the points represent 3-min integrations A portion of the 

data at the left is shown broken up into 10-s samples The 
statistical accuracy of each point is about 10% 


The fact that the Cyg X-3 displays a similar in phase 4 8-h 
periodicity at wavelengths ranging from the X-ray to the 
infrared strongly suggests that it ıs an eclipsing binary 
system Additional evidence in favour of this explanation 
1s provided by (a) the relative flatness of the infrared 
maxima, (b) the fact that the relative flux differences between 
maximum and minimum appear to be constant at different 
epochs despite changes ın both the mean infrared flux and 
mean X-ray flux, and (c) the fact that the flare activity is 
apparently uncorrelated with the phase of the 4 8-h variation 

In a binary system with total mass M and period 4 8 h, the 
separation between the stellar centres is 1 4 (M/M o)? Ro 
From the shape of the eclipse curve we conclude that the 
Systemeis a contact, or near-contact, binary with each com- 
ponent of a size not, much greater and not much less than 
one solar radius By taking the separation of the centres as an 
upper limit to the diameter of the infrared source, by taking 
10 kpc as the lower limit for the distance to the source? and 
by taking 6X107” W m^? Hz? as the dereddened 22 um 
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flux density of the source’ a lower limit to the 2 2 um surface 
brightness temperature 1s 


Tp > 6x 105(M/Mg)-?? K 1 


So for any reasonable total mass of the Cyg X-3 binary 
system, the object seen at 22 um has a surface temperature 
higher than that of the photosphere of any normal star 
Furthermore, given the very high estimated value for the 
infrared surface brightness, and given the similarity of the 
X-ray and infrared eclipse curves, it seems extremely probable 
that both the X-ray and the infrared fluxes originate from the 
same hot object For any reasonable value for the total mass 
of the system, this object has a radius of the order of one 
solar radius The observations described in this letter there- 
fore definitely do not favour models for Cyg X-3 involving 
a compact object such as a white dwarf, a neutron star, or a 
black hole, and invalidate the suggestion’ that Cyg X-3 has 
anything to do with a BO supergiant 

Perhaps a more plausible prototype for Cyg X-3 is the 
model discussed by Neugebauer et al" to explain Sco X-1 
From X-ray, optical and infrared measurements, these 
authors produced a model for this source consisting of a 
cloud of thermally radiating plasma with a temperature of 
5x10 K, optically thick at infrared wavelengths but optically 
thin at visible and X-ray wavelengths Cyg X-3 could con- 
sist of a somewhat similar, but appreciably larger, cloud of 
plasma Cyg X-3 differs from Sco X-1 in being relatively 
much more powerful at infrared and radio wavelengths in 
comparison to the X-ray wavelengths, intrinsically, of 
course, it is also a much brighter object both in the infrared 
and X-ray wavelengths 

Because Cyg X-3 displays unprecedentedly violent tem- 
poral behaviour at both infrared and radio wavelengths it 
seems very likely that the outbursts seen in the different 
energy ranges are part of the same phenomenon It is thus 
tempting to speculate that the infrared flare 1s an early 
manifestation of the synchrotron emission which is often 
used to explain the radio bursts Further observations corre- 
lating the X-ray, infrared and radio behaviour are clearly 
needed and are now 1n progress 

We thank G Tuton and J Carrasco for help with the 
observations, J Bennett, S Higley, M Schroeder and D 
Early for help in the reduction and presentation, G Field, 
G Garmire and M W Werner for discussions and R 
Zappala for early collaboration C G W-W thanks the 
Commonwealth Fund of New York for a Harkness Fellow- 
ship This work was supported by NASA and National 
Science Foundation grants We also thank Professor R L F 
Boyd for support 
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Curium-248 in the Early Solar System 


PRIMITIVE meteorites such as carbonaceous chondrites (CC) 
and unequilibrated ordinary chondrites (UOC) have an 
anomalous fission xenon component! ? which has a distinctly 
different fission spectrum from that of Ca-rich achondrites?^'* 
Although the latter ıs established as due to ?**Pu spontaneous 
fission*, the origin of the former component is still debated 
Further, the amount of fission xenon present in CC II-IV 
and some UOC is about two orders of magnitude! higher 
than that of Ca-rich achondrites and even the maximum value 
of ?*^Pu could account only for 10% of CC fission xenon 
Several mechanisms, such as carrier hypothesis?, mass frac- 
tionation?, superheavy elements?", and two-component 
trapped xenon!°, have been proposed to explain the CC fission 
xenon Here we attempt to determine whether some actinide 
isotopes with known properties could produce this excess 
fission xenon in the primitive chondrites 

In Fig 1, measured !??Xe/1??Xe values for unmetamor- 
phosed chondrites—Renazzo!!, Allende!?, Makoia and Chain- 
pur? and Leoville?—are plotted against !39Xe/!??Xe values 
after appropriate spallation correction for !3?Xe Here the 
line joining the primordial point, P, with the point F=2 4 for 
136x e[1??Xe (ratio represenung pure fission component) seems 
to fit most of the experimental points well Similarly 
130Xe/'32Xe against !*^Xej1??Xe plots were constructed and 
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Fig 1 Correlation diagram between 136/132 and 130/132 in 
e €C ILIV and UOC for fission component analysis All the 
data are corrected for spallation and the points are labelled by 
release temperatures ın hundreds of ° C A, Allende, L, Leo- 
ville, CM, Chainpur matrix CC, Chainpur chondrules and the 
suffixes are the same for M, Makoia, R, Renazzo Most of the 
points (excluding low temperature points where some atmo- 
spheric component exists) seem to fit to a fission component given 
by (139Xe/!3?Xe), 224 For comparison, the line joining P 
with ?4^^Pu fission component, given by (139Xe/!??Xe); — 1 0, 
1s also shown Similar plots were constructed for 130/132 
against 134/132 
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there the experimental pornts fit a lie Joining P with F=19 
for !13^Xe/13?Xe Thus the graphically derrved composition 
of the fission component 1s 131 132 134 136 02 041 

079 10 This spectrum agrees well with the values derived 
by others (Table 1) 


` 





Table 1 Fission Xenon Spectra for Carbonaceous Chondrites as 
Derived by Several Workers and for ?*^Pu and ?^9?Cm as Obtained by 
Nuclear Fission Experiments 





Fission source 131 132 134 136 Ref 
CCF (as derived 
from meteoritic 
studies) 
(a) Pepin spectrum. 020 0 37 0 70 10 1 
(b) Marti spectrum — 0 28 071 10 2 
(c) Geiss spectrum 025+ 038+ 064+ 10 3 
015 021 010 
(d) This work 0 20 041 079 10 This 
work 
Spectrum as de- * 
rived from labor- 
atory fission 
studies 
(e) ?*^Pu 0 25 087 092 10 4 
(£) 248Cm 0 30 0 43 077 10 This 
work 
(g) ?*^*Cm 04 055 0 89 10 4 





A study of all the actinide isotopes reveals that only 248Cm 
1s of interest here For this nuclide, the a half-life and the 
spontaneous fission (SF) half-life (04 m y and 50 m y respec- 
tively) are well known, but the fission spectrum 1s less well 
known So we examine in detail the mass distribution of 
several Cm and Cf isotopes for evaluating the fission spectrum 
of 7*8Cm In Fig 2, we give the fission spectra of 245Cm 
(níf)3, 248Cm (SF)!^, 24°Cf (njf)5 and ?5?Cf (SF)16-15, 
determined by different methods such as mass spectrometry, 
radiochemustry, and kinetic energy measurements In Fig 
2b and 2c, the mass yield data are normalised to the !??Xe 
value From general fission systematics, the SF spectrum of 
248Cm ıs expected t$ be similar to those of its even-even 
neighbours A=246, 250 and 252, and Fig 2a shows that the 
?3?Cf spectrum ıs similar to that of ?*3Cm Also, the 25°Cf 
SF spectrum shows similar mass yield characteristics!®~!8 
So the relative distribution of A= 131, 134 and 136 for ?5?Cf 
and ?**Cm 1s expected to be similar, provided no fine structure 
exists in the mass distributions (as we discuss later) To 
compare the data of several workers, we use a yield value of 
26% for !??Xe normalisation The average values are for 
42136, 60, for A=134, 47, and for 4-131, 18 The 
fission spectrum so derived for ?*?Cm ıs 131 132 134 136 
030 043 077 10, which is in good agreement with the 
graphically derived fission. xenon spectrum of the above 
meteorites 

A brief comment about the fine structure effects in the 
fission of Cm and Cf isotopes ıs in order Harbour ef al ! 5-18 
made a detailed comparison for all the mass chains between 
4-131 and 137, a region in which definite fine structure exists 
in the mass distributions of ?35U (n, f) and ?**Pu (SF) and 
found no fine structure effect in 75?Cf fission Also ?*?Cf 
(n, f)!? reveals that it has all the fission characteristics of 
lighter actinides, except the fine structure 1n the mass range 
A=131 to 137 The ?*5Cm (n, f)!? also shows no fine structure 
in the relevant mass range, and the ?**Cm (SF)?° shows that 
the parameter of rigidity against deformation of fission frag- 
ments begins to diminish after ?**Cm, this nuclide seems to be 
in the transition region for fine structure between the lighter 
and heavier actinides So for ?^?Cm (SF), the mass yield 
curve rises steeply between masses 131 and 137 {Fig 2) 

The amount of fission gas present in CC II-IV and UOC 
1s about 70 x 10-1? cm? !36Xe STP g~t and this is about fifty 
times greater than that of ordinary chondrites This large 
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Fig. 2 Experimental fission spectra of several Cm and Cf iso- 
topes as determined by different methods a, Total mass 
yield curve for the spontaneous fission of 7®Cm and ?5?Cf, 
determined by solid state detectors b, Spontaneous fission 
mass yield curve for ?5?Cf determined by, a, Srinivasan et al 
(mass spectrometry), b, Schmitt er al (solid state detectors), 
c, Nervik, d, Harbour ef al (radiochemistry)!®-!8 Thermal 
neutron fission mass-distributions for ?*5Cm and ?4^?Cf are given 
inc. Inb and c, all the yrelds are normalised to a 132Xe value of 
26% °°Cf SF spectra (not shown here) are similar to the 
curves in a 


excess cannot be produced by ?^*Pu and so we explore the 
possibility of some other nuclide, such as 248Cm_ If we assume 
that the geochemical behaviour of U, Pu and Cm is similar 
(as discussed later), 1t can be written, 


(13916), y = y, [738U Jexp(An23a( T+ E) 
Fise(Ar/(Aa+ At))24g eXp(— Aaz48E) (1) 


where y 1s (748Cm/?38U)o at the end of nucleosynthesis, that is 
this value 1s taken to be similar to the maximum value?! of 
1/30 for (?**Pu, ?35U),, Auz3e the a decay constant of ?38U, 
T the age of meteorites (455x 10? yr), Yi36 the cumulative 
fission yield for 136 mass chain for ?48Cm (6%), Aaz4g and 
À 24s the a and spontaneous fission decay constants for ?*5Cm 
(1732x10-9 yr-! and 01386x10-9 yr-!, respectively), 
[235U] the uranium concentration, an average value of 10 
parts per thousand million for chondrites, and = ıs the time 
interval between the end of nucleosynthesis and the onset of 
fission xenon retention in high temperature condensates If 
the CC fission xenon (~7 x 10711 cm? !36Xe STP g-1) is pro- 
duced by ?**Cm spontaneous fission, the elapsed interval, =, 
1s about a million years This time interval is different from 
the formation interval inferred from I-Xe systematics, as dis- 
cussed later 

In equation (1), only the value for y is not known It is now 
well established that the heavy elements, Th, U and Pu, are 
produced in the r-process nucleosynthesis 1n supernova 
explosions Wasserburg et al?? and Hohenberg?? showed 
that most of the Th and U isotopes are synthesized 1n a giant 
explosion very early in the formation of our Galaxy, ~8 x 10? 
yrago Also they showed that a ratio of 1/30 for (?4*Pu/?38U)o 
ıs compatible with a two-spike model of nucleosynthesis where 
éhe second spike— possibly a local supernova event which took 
place almost immediately before the formation of our Solar 
System—contributed fnost of the r-process short lived nuclides, 
244Dy and !7?] It seems probable that any r-process synthesis 
which produces heavy elements*up to ?4*Pu should also pro- 
duce 248Cm—the next even—even element affer Pu Further, 
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248Cm has a magic neutron configuration N=152 and the 
production of this nuclide consequently will be favoured in 
r-process nucleosynthesis So the assumption of (74*Pu/?**U)o 
& (243 Cm/?38U), is justifiable : 

Additional insight 1nto the problem 1s provided by the fission 
of krypton Low energy asymmetric fission of heavy elements 
yields both ®°Kr and !55Xe with their ratio varying inversely 
as Z?/A of the fissioning nuclide?^ The measured 95Kr/1?5Xe 
values for different nuclides are the following ?°5U (n, f) 03, 
238U (SF) 018, ??9Pu (n, f) 012, ?*^!Pu (n, f) 010, ?*5Cm 
(n, f) 006 and ?5?Cf (SF) 003 (refs 13, 16-18, 24) It 1s 
therefore reasonable to assume this ratio to be very close to 
0 10 for ?**Pu (SF) and 0 06 for ?*$Cm (SF) In the Pasamonte 
achondrite® where the fission xenon 1s ascribed to ?**Pu (SF), 
the ratio 56Kr/136Xe 1s on average about 0 10 in good agree- 
ment with the inferred value above For carbonaceous 
chondrites, on the other hand, Eugster et al? have estimated 
this ratio to be about 0 06 in close agreement with the inferred 
value for ?48Cm (SF), thus lending support to the ?5*?Cm 
hypothesis Final validity of this argument has to await more 
precise fission krypton measurements 

The absence of excess fission gas in ordinary chondrites 
calls for an explanation These chondrites reveal recrystal- 
lisation to different degrees, probably on account of their 
metamorphic heating after their primary accretion?$ — It is 
conceivable that this heating took place sometime after the 
complete decay of the 0 4 m y 7*®Cm but before a considerable 
decay of the 82 my ?**Pu so that one finds only the ?**Pu 
fission gas ın the ordinary chondrites The relatively "sharp 
isochrontsm" evident from the correlation of radiogenic !1??Xe 
and !?"I in the ordinary chondrites presumably refers to the 
onset of xenon retention in them following the above heating 
event The CC and UOC meteorites have escaped completely 
or partially the above heating event so that they retain the 
record of curium presence in an earlier stage of Solar System 
evolution Since the spontaneous fission decay of ?^9Cm is 
about 110 times more dominant than that of ?**Pu, the 
spectrum of the excess heavy xenon in the primitive meteorites 
resembles essentially ?*5Cm fission gas spectrum 

It is significant that some CC and UOC meteorites show 
large excesses of radiogenic xenon, 17°*Xe (~1x10-? cm? 
STP g-!) and some individual phases yield !2?Xe/1??Xe ratios 
as high as 300 (refs 26-30) But unlike the ordinary chondrites, 
the radiogenic xenon in these meteorites does not correlate 
with 177I and the scatter of experimental points ıs such that 
they can be fitted to different correlation Imes, corresponding 
to ‘a spread in their apparent ages of about 10 my Further, 
Podosek and Lewis point out that the formation time of 
Allende white inclusions 1s essentially indistinguishable from 
that of Karoonda and they predate most other chondrites?? 
The absence of the ordinary chondrite-type correlation 1n these 
primitive meteorites has been explaimed 1n several ways, such 
as due to the cold assembly and preservation of phases with 
individual xenon retention records before the sharply tso- 
chronous event in the ordinary chondrites?! The I-Xe 
problem in these primitive chondrites 1s complicated and no 
satisfactory explanation exists But in the light of the argu- 
ments presented so far, it appears that the I-Xe and Cm-Xe 
systematics relate to different events ın the early history of 
our Solar System 1n that the former refers to the time when 
I-Xe clocks are reset during metamorphism of the ordinary 
chondrites whereas the latter refers to the time of primary 
condensation of the refractory materials from the cooling solar 
nebula?? 

The occurrence of the short-hved nuclide ?^*Cm (T= 
04 my) in the primitive meteorites implied by the foregoing 


arguments bears importantly on the time scales of the earliest, 


events ın the evolution of our Solar System When the solar 
nebula is cooling from about 2,000 K to 1,400 K, that ıs to the 
temperature where iron and magnesium silicates condense, tlte 
high temperature minerals (or phases) form as refractory 
condensates?9-?9 Curium, being a refractory element similar 
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to U, Pu and rare-earths, is most likely to be incorporated 
into these minerals and they preserve the spontaneous fission 
record of 248Cm when they cool fast to the xenon retention 
temperature Consequently, this actinide isotope fixes the 
time scale for this fast-cooling stage In other words, if the 
time interval for condensation is about a couple of million 
years, the 248Cm record could be preserved in these early 
condensates, but 1f ıt runs to tens of millions of years, ?#®Cm 
will completely decay out before it 1s incorporated into these 
minerals Further, since 7*8Cm is synthesized only in the 
r-process and is relatively short-lived, it has to be freshly 
produced in a “last minute synthesis” simular to '??I and 
?48Pu and added to a well stirred nebula before the onset of 
condensation2?:23 Some recent theoretical calculations on 
time scales for condensation of planets and the formation of 
the Solar System by Cameron?! and Hoyle and Wickrama- 
singhe?? support this suggestion It will be interesting to look 
for excess fission tracks in primitive chondrites in further 
support of currum hypothesis 

We thank Professor D Lal for help and Professors J R 
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Fuel-Coolant Interactions in 
Submarine Vulcanism 


Mosr volcanic explosions are caused by pressure from within 
the Earth's crust but some marine volcanoes are more violent 
and have a character different from volcanoes in apparently 
similar circumstances on land Volcanic eruptions in shallow 
water have associated "hydroexplosions" some of which 
belong to a wider class of events, which can also occur in- 
dustrially, called fuel-coolant interactions (FCI) This has also 
been pointed out by Colgate and Sigurgeirsson? Some authors 
use the terms “thermal interaction” and “vapour explosion" 
mstead of FCI Here we illustrate the circumstances under 
which shallow submarine vulcanism produces hydroexplosions, 
we indicate what characterises industria! FCI, and using a 
recent theoretical model we calculate the maximum depth at 
which hydroexplosions in the form of FCI can occur 

The emergence of the new volcanic island Surtsey provided an 
opportunity for detailed study of shallow submarine vulcanism. 
Initially jets of tephra rose to heights of about 150 m every 
30sorso These black jets had a distinctive shape, "cypressoid" 
or “‘cock’s-tail”, and were accompanied by clouds of steam?-4 
During subsequent months these so-called hydroexplosions 
occurred whenever the sea had easy access to the vent from 
which the lava emerged The explosions occurred at irregular 
intervals varying from a few seconds to a few minutes After 
six months, the cone of tephra became coated with a wave 
resistant skin of lava, which excluded water permanently from 
the vent, hydroexplosions then ceased The character of the 
explosions was clearly governed by the ease of access of external 
water into the vent? 

The 1957 Capelinhos eruption also involved hydroexplosions? 
The vent was submerged during the early part of the eruption 
and contact of the rising magma with the seawater resulted in 
violent hydroexplosions Later the eruption provided a clear 
Indication of the importance of water in the explosions Two 
vents were simultaneously active—one above water producing 
mild Strombolian eruptions and one below water producing 
explosions and cypressoid jets? 

It may be that the great eruption at Krakatoa 1n 1883 was 
primarily a hydroexplosion® Certainly, however, when activity 
resumed 1t consisted of cypressoid explosions until the island 
Anak Krakatoa was built above water, when this had been 
destroyed by wave action, the explosions recommenced 
This cycle of activity was finally broken after 30 yr when lava 
overflowed from the crater and coated the cone? Just before 
that, although the core was 350 foot high and the vent shielded 
from the sea, the cone was sufficiently permeable for seawater 
to enter the vent and cypressoid explosions continued to occur 
intermittently® 

The accidental spillage of molten materials or liquefied 
natural gas (LNG) onto water or wet surfaces 1s a well known 
industrial hazard*-™* For example, when 25,000 pound of 
molten steel accidentally fell into an open trough of water, 
the resulting explosion was heard three miles away}? It 1s 
possible that an FCI was involved in the recent fatal explosions 
in Scotland when 50 ton of molten steel was being poured into 
a mould!5 

In experiments supported by the US Bureau of Mines, violent 
interactions were deliberately produced, and in oge case 265 1 of 
LNG was spilled onto water The resulting explosion occurred 
~0 1 s after contact between the LNG and the water 

We emphasise that the essence of an FCI is that two molten 
materials, one (the fuel) much hotter than the other (the 
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coolant), suddenly come in contact in such a manner that 
rapid heat transfer takes place to the cooler material which 
vaporises and expands explosively, physical rather than 
chemical processes are involved, and a large amount of thermal 
energy ıs transferred from the fuel to the coolant To effect 
this rapid transfer within the observed time scale of the ex- 
plosion (a few tens of milliseconds for metal-water explo- 
sions!?) an extremely large contact area between fuel and 
coolant 1s needed if normal heat fluxes occur 

Hot molten magma can be brought into contact with water 
by an underwater volcano As Judd!" recognised as long ago as 
1888, however, such a condition 1s not necessarily explosive 
Nevertheless rapid mixing may sometimes occur and we believe, 
as do Colgate and Sigurgeirsson}, that some hydroexplosions 
are examples of FCI In addition, when magma from a sub- 
aerial volcano runs down to the sea, FCI can take place in the 
form of small "popping" hydroexplosions producing littoral 
cones 

Board et al !* and, independently, Buchanan and Dullforce!* 
have proposed a model for FCI in which five stages can be 
discerned an initial perturbation which causes a bubble to 
form m the coolant, the expansion of the bubble and subsequent 
collapse producing a high velocity jet of coolant which pene- 
trates into the fuel, the breakup of that jet of coolant within 
the fuel thereby increasing the contact area, the simultaneous 
heat transfer to the jet, and the vaporisation and the formation 
of a new high-pressure bubble The process is then repeated 
cyclically Under suitable circumstances the maximum bubble 
size at each cycle increases with time and the overall heat 
transfer increases rapidly An important feature of this model 
is that the mixing of fuel and coolant occurs on a microsecond 
time scale, which 1s necessary if the whole explosion 1s to take 
place within milliseconds Other forms of instability present, 
such as Rayleigh-Taylor or Kelvin-Helmholtz, grow much more 
slowly for credible velocities and length scales? Buchanan 
and Dullforce predict that the strength of the interaction 1s 
reduced as the external pressure 1s increased and that there 
exists a threshold pressure above which the interaction cannot 
occur 

Submarine vulcanism provides a testing ground for this 
model The pressure in the sea increases at the rate of 100 bar 
km~ to a maximum of about 500 bar If pressure can inhibit 
FCI there must be a depth below which such hydroexplosions 
do not occur 

D J B (unpublished work) has shown that the threshold 
pressure, Pin, 1s given by 


Pa —303/(1 +a+a7) P, (1) 


where P, 1s the pressure at which the new bubble is formed 
during each cycle and 


aè = (3/16) B d? LKPP) Q) 


where L, and d, are constants which determine the jet charac- 
teristics, for bubble collapse adjacent to a solid wall L, and 
d, are about 0 5 and 0 25 respectively?*, p, is the initial density 
of the coolant and p, is the saturated liquid density of the 
coolant at the temperature at which the bubble ıs formed, D 
1$ a numerical factor dependent on the method of vaporisation 

For heterogeneous nucleation (normal vaporisation at the 
saturation temperature) f 1s unity, for homogeneous nucleation 
(the method of vaporisation as envisaged by the LNG-water 
explanations) B ıs 0 33 for an ambient pressure of 1 bar and 
decreases as the ambient pressure 1s increased. An upper limit 
for P, can be found as follows We set the saturated vapour 
and liquid densities as p, and p, and the vapour pressure as P, 


e "ince the density cannot change instantaneously from p; to f, 


we suppose that the,expansion occurs adiabatically Thus, 


* * using the normally accepted y value for water, 4/3, P, can be 


found The implicit equation for Pj, equation (1), can be 
solved by iteration giving P —675 bar, (heterogeneous 
nucleation) or 13 bar (homogeneous nucleation) 


l 
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In terms of a critical depth, d,, corresponding to the threshold 
pressure, this limiting case corresponds to 


gon f ~700 m (heterogeneous nucleation) 
th^ | ~130 m (homogeneous nucleation) 


Earlier authors have obtained other estimates of a maximum 
depth for hydroexplosions A. limiting value can be obtained 
by noting that the critical point of water 1s such that the critical 
pressure of water (216 bar) corresponds to a depth of about 
2km Below that depth there is only one water phase and quiet 
effusions of lava are to be expected??? 

McBirney? considered hydroexplosions caused by the 
expansion of water already present 1n the magma He found 
that the maximum depth at which explosive eruptions can occur 
was a function of the original water content of the magma and 
over 2% water content would be required to form ash at a 
depth of 2 km On the basis of Friedman's? figures for labora- 
tory and field measurements of original water content (~0 1%) 
he concluded that if the magma was originally at 1,000° C, a 
realistic temperature*4, then explosive eruptions would not 
occur at depths greater than 500 m McBirney's results depend 
on an explicit assumption of his—that seawater surrounding 
the lava will be vaporised but will not cause significant vesicula- 
tion within the lava Buchanan and Dullforce’s model for FCI 
involving cyclic bubble growth and water injection due to high 
velocity jetting provides a mechanism which is capable of 
locally raising the water content of the magma to high levels, 
and does not depend on the solubility of the magma 

Thus submarine hydroexplosions fall into at least two classes 
(a) *McBirney" hydroexplosions, which can occur down to 
some limiting depth dmg which 1s a function of the original 
water content of the magma, (11) FCI, which can occur down 
to the threshold depth din, below which the ambient pressure 
inhibits the interaction 

It 1s interesting that the criterion. used to decide in some 
laboratory experiments (D J B and T A Dullforce, unpub- 
lished) whether the FCI explosion was violent or not 1s the 
fraction of metal finely divided If further development of the 
theory enables the size of the fragments produced to be correctly 
predicted, then the size of the glassy granules found by Tazieff?s 
in Ethiopia may enable the violence of the explosion that 
produced them to be estimated 

We thank our colleagues at Culham for discussions—par- 
ticularly Dr K V Roberts, Dr J A Reynolds and Mr T A 
Dullforce Mr R T P Whipple kindly lent us his copy of the 
Royal Society report of Krakatoa”. 
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Racemization of Amino Acids 
in Bones 


Ir has been shown that the extent of racemization of amino 
acids in a fossil can ,be used with certain limitations to 
estimate the age of the specimen** For this dating work 
it ıs necessary to undersiand the kinetics and mechanism 
of the reactions involved Here we show, by kinetic studies 
using modern bovine bone fragments heated in sealed 
ampoules for various time periods at several elevated 
temperatures, that the order of racemization rates of amino 
acids in bone is aspartic acid>alanine=glutamic acid> 
isoleucine=leucine — Fossil bones not contaminated with 
modern amino acids are shown to have the same sequence 
of racemization rates 

The kinetic samples and the fossil bones were first care- 
fully cleaned by ultrasonication ın dilute hydrochloric acid 
(~02 M), to remove tar, the La Brea bone was refluxed 
in a benzene-methanol mixture and in benzene before 
the HCl cleaning treatment After cleaning, the bones 
were hydrolysed for 24 h in 6 M HCI and then desalted 
as described elsewhere** The average ratios of the D 
and L-enantiomers of the various amino acids were deter- 
mined by gas chromatography of the N-trifluoroacetyl- 
(+)-2-butyl esters’ on three different capillary columns 
(150 footx002 inch) coated with (a) Dexsil 4009, 
(b) UCON-75-H-90,000 , and (c) XE*60 or OV 225 The 
ratios of alloisoleucine (alleu) to isoleucine (150) were deter- 
mined on a Beckman-Spinco Model 118 amino-acid 
analyser 

The results of the elevated temperature studies are shown 
in Table 1 The order of the racemization rates in bone 
1$ aspartic acid>alanine=glutamic acid>isoleucines: 
leucine, which 1s in agreement with the results obtained 
for free amino acids in aqueous solution® The first order 
rate constant (k) for interconversion of the D and L- 
enantiomers was calculated for the various amino acids 
from the equation (see refs 4 to 6 for derivation and use) 


Inia + (D/L — K’ ea (D/L))] -InI( + (D/L) — K'a 
(D/t)keo= 0 + Ka) kt 


where K’,,=1 for amino acids with only one asymmetric 
centre but 1s different for amino acids with more than one 
centre of asymmetry (for isoleucine K^,,—0 725 , ref 5) 

Figure 1 shows an Arrhenius plot of the calculated values 
(aspartic acid values are not shown because the high degree 
of racemization of aspartic acid in the samples made it 
impossible to calculate accurate rate constants) As can 
be seen in Fig 1, the Arrhenius activation energies (E,) 
ease identical for the racemization reactions of the various 
amino acids, this ıs also the case for the reactions in 
aqueous solution? If the racemization reactions of any 
two amino acids had been found to have significantly 
different Arrpenius activation energies, then the extent of 
racemization of the two amino acids and the kinetic expres- 
sions for the reactions could have been used to calculate 
both the age of the bone and the average temperature 
to which the bone had been exposed since deposition 
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Fig. 1 Log k (h-') against 1/T (K-!) for amino acids ın bone 

The rate of racemization of an amino acid equals 2 k The 

Arrhenius activation energy (£,=slope x2 303 R) for the 

amino-acid racemization reactions 1s 334 kcalorie mol-! 

O, Leucine, A, isoleucine, ©, alanine, ©, glutamic acid 
a, Glutamic acid aad alanine, b, isoleucine and leucine 


Unfortunately, this 1s not the case To use the extent 
of racemization of amino acids to estimate the age of 
fossil bones the temperature history must be evaluated 
using other information (for example see refs 6 and 10) 

The results obtained at 135° C give kso Kaj, Kygp=1 2 
~7-8, which agrees with the relative racemization rates 
(that 1s, 1 24 86) observed in aqueous solution at this 
same temperature? The amino acids in bones are contained 
mainly in the fibrous protein collagen Because the relative 
rates of racemization of amino acids in bones so closely 
match those determined for free amino acids in aqueous 
solution, ıt would seem that the same factor must influence 
the rates of racemization of both free and collagen-bound 
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amino acids For free amino acids buffered at pH 76 
the electron-withdrawing capacity of the R-substituents has 
been suggested as the factor which determines the relative 
rates of racemization? Evidently, this same factor also 
determines the relative rates of racemization of amino acids 
contained in bone collagen 

Since the racemization reactions of amino acids in bone 
have the same Arrhenius activation energies, the relative 
order of rates of racemization determined at the elevated 
temperatures should also exist at the lower temperatures at 
which fossil bones are found in nature, provided the bone 
has not been contaminated with amino acids from more 
recent sources It is likely that contamination would 
introduce only L-amino acids to the bone and would thus 
possibly alter the predicted sequence 

The ratios of D to L-amino acids determined for fossil 
bones of various ages are summarized in Table 2 These 
results show that for the bones with ages less than ~60,000 
yr the degree of racemization of the amino acids follows 
the predicted sequence, but for bones of much older age 
there are deviations from the expected pattern Except 
for the Florisbad bone, the first five samples in Table 2 
apparently have not been contaminated with modern amino 
acids The pattern in the Florisbad bone 1s slightly different 
(that 1s, alanine>glutamic acid and tsoleucine>leucine) 
from the expected sequence This deviation may have been 
caused by the environment (a warm mineral spring)" in 
which this bone was found rather than the result of 
contamination by modern amino acids 

The Swartkrans sample has an amino-acid racemization 
pattern suggesting substantial contamination, whereas the 
Olduvai Gorge sample has a pattern indicating only slight 
contamination, with only the degree of racemization of 
aspartic acid seeming too low 

The differences in the degree of preservation of amino 
acids in fossil bones of various ages can be accounted for 
by the following mechanism The collagen content of 
bones decreases with time , for example, the La Brea bone 
contains only about a quarter of the amount of organic 
nitrogen found in modern bones (R Protsch, private com- 
munication) indicating that hydrolysis of collagen and 
subsequent loss of the amino acids has taken place 
Quantitative estimates of the amounts of free, peptide and 
collagen-bound amino acids in the La Brea bone indicate 
that essentially all the amino acids are present in the HCl- 
insoluble, collagen fraction It seems that free amino acids 
and small peptides produced from collagen hydrolysis can 
diffuse out of the bone, and this accounts for the loss of 
organic nitrogen with time observed in fossil bones 

Ammo acids can also diffuse into the bone matnx from 
the surrounding environment, thus introducing amino acid 
contaminants This diffusion process involving amino acids 
1s comparable to the introduction of secondary carbonate 
into bones and the difficulties it presents in radiocarbon 
analyses of the total acid-leached carbon ın fossil bones" 











Table 1 Racemization of Amino Acids in Modern Bone Fragments Heated at Elevated Temperatures 
Temperature Heating time D/L-Aspartic p/r-Glutamic 

oO (h) acid D/L-Alanine acid D/L-Leucine Alleu/Iso * 
1011 1,943 0 84 030 033 016 019 
1011 2,869 091 036 035 021 0 23 
1179 262 5 0 80 . 030 035 \ 016 018 
1264 168 0 0 90 0 50 0 48 0 30 031 
1354 484 0 83 031 038 016 017 
1484 251 0 86 0 58 s 051 028 0 32 

Unheated sample 0 015 (0 15)t $905 0 07 005 002 


a a iri COA. Oo 


The samples used in this study were taken from the same set used in the jnvestigations of the racemization rate of isoleucine in bone? 


* Taken from ref 5 


T Determined on amino-acid analyser using diastereoisomeric dipeptide method of Manning and Moore!? modified by Bada and. Protsch® 


for fossil bone analysis 
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Table 2 p/t Ratios of Amino Acids in Fossil Bones of Various Ages 
Collagen-based radiocarbon age 

Sample location * (yr) t Asp t Ala Glu Leu Alleu/Iso§ 
Asiab, Iran 8,900+ 100 (UCLA 1714B) 0 26 0 067 0 080 0035 002 
La Brea Tar Pits, California 25,100+ 1,100 (UCLA 1738F) 014 0 055 0 054 0 036 — 
Muleta Cave, Mallorca, Spain 28,600 + 600 (UCLA 1704A) 0 48 (0 46) 022 026 0 088 0 083 
Florisbad Warm Springs, South Africa 38,700 + 2,000 (UCLA 1745B) 0 82 (0 82) 072 0 50 030 0 44 
Border Cave, South Africa > 45,0009 (UCLA 1754E) 0 48 (0 46) 031 0 26 011 01 
Olduvai Gorge, Tanzania (near top of bed IV) — 200,000 to 300,000 0 58 (0 52) 0 48 051 0 26 0 30 
Swartkrans, South Africa 2 million 0 54 037 0 30 0 23 037 





The degree of racemization of the amino acids is different in bones of about the same age because of differences in average temperatures 


of the regions where the bones were found 


* With the exception of the La Brea sample, the fossil bones were provided by R Protsch and R Berger, University of California, Los 
Angeles, the La Brea bone was obtained from G J Miller, Los Angeles County Museum of Natural History 

T Notation in parenthesis ıs University of California, Los Angeles Radiocarbon Laboratory identification number 

+ Ratio in parenthesis is value determined using dipeptide method of Manning and Moore!? modified by Bada and Protsch® for fossil 


bone analysis 
§ Ratios determined on Beckman-Spinco amino-acid analyser 


*| Age estimated to be ~ 60,000 yr (P Beaumont, private communication) 


For fossil bones such as the Muleta Cave sample, the 
amount of secondary amino acids is small compared with 
the amino acids still contained in the indigenous collagen 
In very old samples such as Swartkrans, however, the 
amount of secondary amino acids is significant compared 
with the small amounts of collagen-bound amino acids 
remaining in the bone Indeed, based on the present 
average yearly temperature of the Swartkrans site (17° C), 
an age of 2 my would mean that the amino acids should 
be completely racemized The substantially lower D to 
L ratios of the various amino acids in the Swartkrans bone 
suggests that more than half of the amino acids are of 
relatively recent origin 
The types of analyses presented here provide a valuable 
index of the reliability of ages derived from measurements 
of the degree of racemization of amino acids For bones 
like the Muleta or Border Cave samples, contamination 
by modern amino acids has been shown to be negligible 
and thus the extent of racemization of amino acids can 
be used to give reliable age estimates provided the tempera- 
ture histories of these samples can be evaluated For a 
fossil. bone such as the Olduvai Gorge sample, which is 
apparently slightly contaminated with secondary amino 
acids, the amino acid racemization reaction can still be 
used to calculate a minimum age, however, for a sample 
such as the Swartkrans bone, which 1s badly contaminated, 
the ages deduced from the degree of amino acid racemiza- 
tion have little significance By isolating the pure collagen 
component from the Swartkrans bone the contamination 
problem could possibly be reduced 
We thank R Protsch, R Berger, G J Miller and the 
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Measurements in situ of Nitric Oxide 
in the Stratosphere betwten 17.4 and 
22.9 km 


A BALLOON-BORNE, nitric oxide sampler was flown on March 
16, 1973, from Hollomon Aur Force Base, New Mexico, 32? 
501’ N, 106° 07 W Measurements were made between 
1040 and 1505 local time (1740—2205 UT) over an altitude 
range between 17 4 and 229 km 

The details of the instrument design are given in ref 1 The 
principle of the method 1s based on the chemiluminescence 
produced when excess ozone is added to a flow of gas con- 
taining nitric oxide, The intensity of the radiation detected 
by the photomultiplier viewing the reaction chamber is given 
by the expression 


I=AFXyo 


where Xyo 1s the mixing ratio of NO in the sampled air, F 
is the volume flow rate of the air through the apparatus and 
A 1s a constant involving geometry factors of the instrument 
and rate constants for the chemical reactions involved in 
the interaction between NO and O, The detection limit for 
the instrument was 002 parts per 10° by volume Provision 
was made for on-board calibration by addition of known flow 
eof very dilute NO in N, The instrument was turned on and 
off by ground command Once on, it was controlled by an 
internal timer circuit which provided a programme of back- 
ground signal and then alternate measurements of the ambient 
air and air to, which, successively, one of four flows of cali- 
brating gas was added Each of these measurements was of 
duration 2 min At the completion of the cycle the pro- 
gramme was automatically repeated unless otherwise 
instructed by ground command 
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The photomultiplier output signal was converted into both 
a linear and a five-decade, logarithmic, photon count rate A 
commutated signal was used to monitor other parameters 
required for housekeeping purposes and for final data reduc- 
tion The primary data record was provided by an on-board 
digital tape recorder In addition, all signals were relayed 
to the ground by an S-band telemetry link Air was drawn 
into the apparatus through a 2 4 m length of black anodized, 
aluminium pipe (internal diameter 76 cm) and exhausted 
through a 24 m length of flexible tubing (internal diameter 
10 2 cm) attached upwards to the payload support lines The 
inlet and outlet openings both faced horizontally in opposite 
directions to prevent changes ın air flow resulting from 
vertical motions of the balloon The vertical separation of the 
openings was 2 4 m and the diagonal distance between them 
was 40 m Laboratory studies in which 02 parts per 10° 
of NO were added at either end of the inlet tube to air 
flowing at 130 cm? atm s™ and 27 torr showed that there was 
negligible adsorption of NO along the tube 

The flight was controlled from the ground to provide three 
cycles of ascent, float and descent to test for possible con- 
tamination from the balloon and flight packages or from the 
O, and NO/N, calibration gas used in the measurement 
Some forty measurements of the ambient air, each of 
duration 2 min, were made during the flight The instru- 
ment was turned on by ground control at 174 km, the 
lowest altitude for which the instrument had been cali- 
brated The maximum altitude reached by the balloon was 
229 km 

The total error in the measurements is estimated at 
60% The largest error, ~20 to 30%, was due to the small 
count rates observed, and the balance due to the uncertain- 
ties in concentration of the calibrating gas mixture, the total 
volume flow rate and in the digital tape recording Within 
this 6095 accuracy, no differences were observed in the 
measurements taken during ascent, float and descent modes, 
indicating that there were no serious contamination problems 
associated with the sampling of the ambient air either from 
interference from the exhaust or from outgassing of the 
balloon or instrument package Most of the measurements 
were made between 201 and 229 km No differences in 
NO mixing ratio were observed over the altitude range 
17 4 to 229 km within the experimental error The average 
value of the NO mixing ratio was found to be 01 parts per 
10° by volume +60% 

These results agree with those of a previous flight on 
December 12, 1972, at the same location, at 23 1 km although 
the data were limited owing to decomposition of the O, 
supply Other flights at different altitudes and locations 
are planned Full details of these measurements and the 
interpretation of their significance in terms of the SST 
pollution problem will be reported elsewhere 
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Pollen Evidence for Late Quaternary 
Climate Changes on Kerguelen Islands 


INCREASING evidence indicates that late glacial and postglacial 
changes in climate and vegetation were essentially synchron- 
ous in the northern and southern hemispheres? Pollen 
analysis of Quaternary deposits on subantarctic ocean islands 
should provide critical data, but has been inconclusive The 
floras of most of the islands are depauperate and yield few 
identifiable sporomorphs Species represented in the pollen 
rain are often of narrow geographical distribution and broad 
ecological tolerance, thus interpretation of changes in pollen 
and spore ratios and cross-correlations between islands are 
difficult? These problems can be minimized by sampling in 
a location with a comparatively large flora, with many species 
widely distributed in the subantarctic, and with a variety of 
vegetation types Kerguelen Islands fulfil these require- 
ments 

This compact archipelago, 6,500 km?, is located between 
49° and 50° S and 68° 30’ and 70° 30’ E The climate 1s 
cool and microthermal, with mean temperatures near sea 
level ranging from 1° C during the coldest months to 8° C 
during the warmest Glaciers cover much of the western 
part of the main island (Fig 1) 

Two cores about 5 cm in diameter were collected for pollen 
and radiocarbon analyses along stream cuts in gently sloping 
terrain on the south shore of Golfe du Morbihan (Fig 1) in 
early 1971 Both cores included mainly organic-rich silts 
There was no clear correlation between soil type and pollen 
content The "C dates obtained from the cores are shown in 
Figs 2 and 3 In core 1, the two lowest dates present an 
anomaly, either due to contamination of the lowest sample or 
the presence of reworked older sediments in the sample above 
The anomaly does not seriously affect the interpretation of 
data from core 1 The bottom of core 1 rested on sediments 
with rounded boulders, perhaps of glacial origin. If the 
lowermost organic layers in core | result from colonisation 
of a recently deglaciated area, extrapolation of the “C dates 
(Fig 2) indicates that deglaciation occurred about 10,000 to 
12,000 Bp Buried soils found below the bottom of core 2 
were not sampled because of seepage problems If this site 
was ever glaciated during the late Quaternary, the ice retreated 
considerably before 11,000 se (Fig 3) 












KERGUELEN 
HEARD I 











Fig. 1 Map of Kerguelen Islands indicating extent of present 


glaciers (black) and core sites Inset shows position of islands in 
relation to Africa and Australia 
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Kerguelen supports about thirty native species of vascular 
plants Many are confined to a narrow range of habitats 
The most extensive vegetation formation 1s the upland wind 
desert, dominated by the cushion plant, Azorella selago 
Hook f, which also occurs near sea level in drier exposed 
areas Closed vegetation, dominated by Acaena adscendens 
Vahl, 1s abundant at lower elevations on the eastern portion 
of the island, but 1s rare or absent in the more rugged western 
regions! 

The ratio of Azorella to Acaena pollen has been used 1n a 
vegetation history of Marion and Prince Edward Islands’ as 
an indication of ‘upland’ versus ‘lowland’ conditions Al- 
though the distribution of these plants on Kerguelen 1s not 
always correlated with elevation, this distinction 1s generally 
valid We therefore regard the preponderance of Azorella 
pollen and lack of Acaena pollen ın the lowest levels of both 
cores (Figs 2, 3) as evidence of cold ‘upland’ conditions The 
rapid rise of Acaena pollen, at about 10,000 sp in core 2 and 
at a similar, but less accurately dated time in core 1, suggests 
a general warming trend If there was a difference in the 
time of the onset of this trend at the two stations, 1t could 
be explained by the position of the retreating glaciers, which 
would have been nearer to the site of core 1 The subsequent 
wide fluctuations in the ratio of Azorella and Acaena pollen 
probably reflect local changes at the core sites Pollen grains 
of Kerguelen grasses, although abundant, cannot be distin- 
guished from one another and are of little value 1n determin- 
ing climate But pollen and spores of several rarer taxa 
help clarify the interpretation of the past 9,000 yr 

Lycopodium sauuus Lam, Blechnum penna-marina 
(Poir) Mitt, Uncinia compacta R Br, and Galum antarc- 
ticum Hook f are confined to protected habitats at elevations 
of less than 220 m (ref 4) Lycopodium saururus and 
Uncinia are rare, and found only 1n the warmest situations 
All of these species are apparently near their limit of cold 
tolerance on Kerguelen Although widely distributed in the 
southern hemisphere, none occurs on Heard Island, which 
lies 450 km south of Kerguelen and has a more polar climate 
A significant rise of pollen or spores from more than one of 
these species would suggest a proliferation of ‘lowland’ 
conditions 

In both cores Lycopodium saurui us, Blechnum and Uncinia 
first appear ın noticeable quantities about 8,000 to 9,000 Be 
The proportions rise rapidly, as do other, less important ‘low- 
land’ indicators such as Lycopodium magellanicum (Beauv ) 
Sw (Figs 2 and 3) Hugh proportions are maintained until 
about 6,000 sr, at which time Galium pollen rises The spores 
and Uncina quickly taper off after this point, but Galium 
remains common and reaches a secondary peak in core 2 


| Azorella 
{Gramineae 
Galium 
[Uncinia 
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Fig 2 Simplified pollen diagram of core 1 with '*C dates , Each e 
division on left equals 20 cm, each division on top equals 10% 
Each histogram represents an average "of several counts (of 
150 grams each), the number of which 1s shown on right An 
open circle indicates 2% or less Solid black histograms identify 
maximum % gf indicator species Symbols on spore histo- 
gram m, Lycopodium’ magellanicum, s, L saururus, b, 
Blechnum penna-marina 
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Fig 3 Simplified pollèn diagram of core 2 Symbols same as 
m Fig 2 


The upper levels of both cores are marked by a continued 
low representation of the ‘lowland’ indicator species 

The following outline of climatic changes of Kerguelen 
can be constructed on the basis of our pollen analysis <A 
first warming trend began about 12,000 Bp, culminating in a 
major glacial retreat by 10,000 BP Thereafter, low tempera- 
tures prevailed for about 1,000 yr, most of the deglaciated 
areas supported a cold-tolerant vegetation consisting mainly 
of Ázoiella and grasses Acaena became important as a 
major warming trend began By 8,000 BP several cold- 
tolerant species had colonised the core sites This apparent 
expansion of a vegetation containing a mixture of ‘lowland’ 
species suggests that the climate of Kerguelen at that time 
was considerably warmer than at present Blechnum and 
Uncinia presently grow most luxuriantly ın moist habitats, 
while Galum is usually found in dry habitats As Galum 
pollen reached a peak later than the other ‘lowland’ species, 
possibly the latter part of the climatic optimum was drier By 
5,000 sr, the cold-tolerant species® (partially excepting 
Galium) had declined to low levels, indicating that the warm 
period on Kerguelen was over A similar history has been 
found in southern Chile, where the climatic optimum was 
followed by a glacial readvance about 4,500 n» (refs 1 and 7) 
In the northern hemisphere the climatic optimum tapered off 
more slowly and elevated temperatures often persisted until 
about 3,000 sp (refs 1 anc 2) 
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Interpretation of the Dirac Relation- 
ship between Fundamental Constants 


SINcE the original relationship pointed out by Dirac, several 
dependent and independent numerological relations have been 
proposed Dirac noticed that the ratio between the age of the 
- Universe and the natural unit of time (which he took to be the 
time the hight takes to cross an electron radius) 1s approximately 
equal to the ratio between the electrostatic and the gravitational 
force acting between two electrons Here I propose a semi- 
empirical relationship which could throw some light on the 
Dirac expression 
m,c*/(He?) = e° (Gm) (1) 
where m, and e are the electron mass and charge respectively, 
H 1s the Hubble constant, G ıs the gravitational constant and 
c 1s the speed of light Whether m, or mp, the proton mass, 
should appear on the right hand side of equation (1) has long 
been regarded as irrelevant, since a few orders of magnitude 
would matter little in expressions of thé order of 104° But here 
I shall need to be more accurate, and I write instead 
m,c*[(He*) —-qe*/(Ggm;?), where q 1s an appropriate constant, 
and g comes from setting R=gc/H, with g<1 Equivalently 
H==(g/q) (Gmici/e‘) (2) 
I now propose that the Universe is endowed with an angular 
momentum L, which can be written as L,=(V,/V,)L,, where 
V, and V, represent the volumes of the Universe and of the 
electron respectively, and L, 1s the angular momentum of the 
electron, namely 4/2 (I note, however, that so far there 1s no 
observational support for an overall rotation of the Universe? ) 
This conclusion was reached ın a semi-empirical way, by 
considering a number of natural physical systems for which 
both the volume and the angular momentum could be estimated 
They are represented ın Fig 1, and are broadly grouped into 
three "islands" (1) elementary particles, nuclei and atoms, 
(1) planetary and stellar systems, and (in) galactic systems A 
rough proportionality L oc V appears from the graph, although 
there are exceptions In fact neutron stars show an excess of 
angular momentum per unit volume and, more remarkably, 
a few nuclei and atorgs (He 1n particular) have zero angular 
momentum Elementary particles with L=O seem to be un- 
stable 
Another interesting consideration 1s that an irregular 
galaxy can be expected to possess a random angular momentum 
of the order of (N,)#Zs, where N; 1s the number of stars, and L, 
some typical value for the angular momentum of a star Such a 
system would not disagree too much with my relationship 
On the contrary, an uncollapsed cloud of ionized gas of the 
Same mass could be expected to show a random angular 
momentum of the order of (Np)##, where N, is the number of 
protons Such an angular momentum would deviate con- 
siderably from L œ V, but again these systems do not seem to be 
stable The wide range covered both by V and L guarantees 
that if any relationship of the form Lec V" exists at all, m is 
not much different from 1 I therefore conjecture that one can 
write 
L,=(hmi c°/2 H? e5) g? (3) 
where the radius of the Universe has been set at R =gc/H 
Inow consider the simplest and most transparent cosmologi- 
cal model which embodies the previous features, namely an 
expanding, rigidly rotating Newtonian Universe Models 
belonging to this category have been investigated by Heckmann 
and Schucking*, who obtained the relationship 


H?/2 + 9?[3 —Ac?/6=4- Gp[3 +h (4) 
where o 1s the angular velocity, A 1s the cosmological constant 
(which may be positive, zero or negative), A ıs the energy 


constant, which I shall put equal to zero I alse write œo=kH , 


(with. Kk —(1—42)!?/e, in order to have (@R*)+(AHR)*=c?, 
which ıs necessary to explain redshifts of the order of 2, 1f g 1s 
small), and p=3pH?/(4nG) Here p, k and g depend on the 
detailed model I choose 
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Fig. 1 Angular momentum as a function of volume of some 

natural systems EP, Stable elementary particles, A, atoms; 

NS, neutron stars, E, Earth, J, Jupiter, S, Sun; N, galactic 
nucleus (M31), G, Galaxy 


The angular momentum of the foregoing model Universe 1s 
L, Ia, where I —2MR?[5 15 the moment of inertia Substitution 
gives L,—2pkg*c/(SGH?), which, divided by equation (3), 
affords a second relationship for H 


H=(5/4pkg*) (limic*G]e*) (5) 


Division of equation (5) by equation (2) produces a ze*/(Jlic) = 
5q/(4pg*k) 

I now consider possible choices for p and g, which are in 
principle unknown The ratio g/g 1n equation (2) 1s better de- 
fined for the conventional value H=100 km s- Mpc-!, 
qíg —1/1254 Recent determinations propose a lower value 
for H, although matters are not yet defined I shall Investigate 
two models which might be aesthetically more acceptable 

(a) Equipartition model, with A=0 In this case œ =(3/2)#H, 
g=(4/13)*, p=1, with the consequence that a=3 32 q/g For 
the above value of H one obtains a=1/38 A very similar value 
1s obtained if one sets A=0, g=k=0 786, which require p= 
0 705, and a=3 65 g/e~ 1/34 

On the whole this 1s not far from a fair agreement with the 
value a = 1/137 

(b) I can also construct an ad hoc model, by proposing q/g = 
2a, which would correspond to the more modern value H= 
54 km s^ Mpc^ The somewhat disturbing factor of 2 auto- 
matically comes ın if I take R —c/(2H), namely g=1/2 With 
this assumption p —10 3-*, which corresponds to a density of 
matter p=631 107?* g cm-? The requirement g=1/2 pro- 
duces A= —25 6 H*[c? This choise of parameters does not 
correspond to a Lemaitre model, but to a closed universe 

Although I do not support any of these particular models, 
I think that equations (3) and (1) 1n the framework of an ex- 
panding, rigidly rotating Newtonian Universe are strictly 
related to each other, and equation (3), being semi-empirical, 
1s perhaps richer in physical content and therefore preferable 
to equation (1) In fact, 1t seems that a much better expression 
of equation (1) ıs m,c?/(2He*)=ae?/(Gm,”) Y note that, by 
substituting another "natural" unit of length in the place of the 


classical radius of the electron, such as the Compton wave- 


o length df the electron or the Bohr radius of the hydrogen atom, 
e I merely change the power of a in front of the right hand side to 


a? and to a? respectively This removes the arbitrariness of the 
“fatural” unit of length adopted by Dirac, and at the same 
time suggests that a “more fundamental" umit of .length is 
et[(fimc?) —2 05 x 1075 cm, for which I would have the power a4 
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At present, I do not suggest any interpretation for this unit of 
length 
I thank Drs H Horstman and G Palumbo for discussions 
G CAVALLO 
Laboratorio TeSRE/CNR, 
Via de’ Castagnol 1, 
40126 — Bologna 
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Serological Relationship of Swine 
Vesicular Disease Virus and Coxsackie 
B5 Virus 


THE recent outbreak of swine vesicular disease (SVD) in 
England! has focused attention on the characteristics of the 
causative virus The virus belongs to the enterovirus subgroup 
of the picornaviruses? and the strains tsolated from the first 
outbreak 1n Italy in 1966? and later in Hong Kong in 1971? 
and England in 1972? are serologically related We describe 
here the relationship of this porcine enterovirus to a human 
enterovirus of man, and speculate that the virus might have 
been transferred from man to swine 

Swine vesicular disease virus (SVDV) 1s fatal to newborn 
mice? This property defines the Coxsackie group of the 
enteroviruses A possible relationship was sought by testing 
the ability of Coxsackie virus antisera to neutralize SVDV 
The SVDV used for most observations was the Hong Kong 
36/71 strain (SVDV-HK) supplied by the Animal Virus Research 
Institute, Pirbright, England Two other strains of SVDV— 
the English strain UKG 27/72 (SVDV-UKG), and Italian 
strain, Italy 1/66 (SVDV-IT)—supplied by the same institute 
were also used 

The method of testing the neutralization of SVDV by Cox- 
sackie virus antiserum was by using the enterovirus 1mmune 
horse serum pools prepared according to the Lim Benyesh- 
Melnick scheme* — These sera were provided by the National 
Institute of Allergy and Infectious Diseases, Bethesda, Mary- 
land The neutralization patterns of viruses by these eight 
pools identify the serotypes of forty-two different enteroviruses 
of man 

For the neutralization test, two-fold dilutions of each serum 
pool were prepared in the wells of microtitre plates (Linbro 
FB-TC) A suspension containing 300 TCIDso of SVDV 





Table 1 Neutralization of Swine Vesicular Disease Virus in Tissue 


Culture by Enterovirus Horse Serum Typtng Pools 


Pool designation * Serum neutralizing endpoint 


A m 

B uet 

C 640 

D A. 

E 640 . . 
F 

G 

H 


* See text . 
T Reciprocal titre less than 20, 
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was added to each dilution and, after incubation for 30 min 
at 37? C, tissue culture growth medium containing 5,000 cells 
of a pig kidney cell line, PK-15, was added After incubation 
at 37° C for 4 d, the neutralization pattern was determined 
by staining the plates with a solution of 01% crystal violet 
in 10% formalin Serum dilutions that neutralized the virus 
had complete cell monolayers, whereas the non-neutralized 
dilutions were cell-free The neutralizing titre was the highest 
dilution of serum protecting the cells Table 1 shows that 
SVDV-HK. was neutralized by serum pools C and E which 
identifies the Coxsackie virus B5 serotype* 

This identity was verified by intracranial inoculation of a 
1/20 dilution of each serum pool mixed with 1,000 TCIDso 
of SVDV-HK. ın the newborn mice of one litter for each serum- 
virus mixture After 5 d, all mice inoculated with pool C or E 
serum-virus nuxtures were alive, while those inoculated with 
other combinations died (Table 2) 





. 
Table 2 Neutralization of Swine Vesicular Disease Virus in Newborn 
Mice by Enterovirus Horse Serum Typing Pools 





Pool designation * Mouse survival 


mommogow» 


Control 





* See text 
+ Number alive/number inoculated 5 d after inoculation 


The Faulkner strain of Coxsackie B5 virus was obtained 
from the American Type Culture Collection and tested for 
its neutralization by a serum obtained from a pig 56 d after 
recovery from infection by SVDV-HK In the same test, 
SVDV-HK and the pool E serum containing Coxsackie B5 
antiserum were included Serial dilutions of each virus were 
mixed with a 1/320 dilution of the Sera and PK-15 cells 
added The neutralizing index was computed as the difference 
in log titre of each virus with the antiserum and with normal 
swine serum Table 3 shows that significant cross neutralization 
was observed 





Table 3 Neutralization Index of Swine Vesicular Disease Virus (Hong 
Kong) and Coxsackie Virus B5 by Homologous and Heterologous 





Antisera 
Virus 
Antiserum (1/320) Swine vesicular disease © Coxsackie B5 
Swine vesiculai disease 43* 52 
Coxsackie B5 (pool E) f 23 44 





* Log difference of virus titrated ın presence of antiserum and 
normal serum 
1 See text 


Titration of SVDV-IT and SVDV-UKG with each of the 
typing pools also showed that significant neutralization only 
occurred with pools C and E A serological relationship of the 
SVDV strains and Coxsackie B5 virus was thus established 

Sera from United States swine were surveyed for evidence 
fethis disease Lots of twenty sera each were obtained from 
swine in New Jersey, North Carolina, Massachusetts and 
California, and seventy sera from Virginia None of these 
neutralized SVDV-HK 1m tissue culture Sera from swine 
recovered from Teschen disease and foot-and-mouth disease 
also failed to neutralize SVDV-HK, whereas swine recovered 
from SVD had virus-neutralizing titres of 1/200 to 1/10,000 
Serum from guinea pigs which neutralized 300 TCIDs, of 
SVDV-HK at a dilution of 1/512 did not neutralize any of 
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six common swine enteroviruses—E-1, E-2, ECPOs 2, 5, 6, 
8—at any serum dilution 

A 30 kg pig was inoculated intravenously with 5 ml of 
Coxsackie B5 virus that had been grown in the pig kidney 
cell line, IBRS-2® Another was fed 25 ml of the same material 
and a third was inoculated intranasally with 5 ml daily for 5 d 
None showed clinical signs of disease but all developed signifi- 
cant virus neutralizing antibody titres against Coxsackie B5 
virus and SVDV This indicated that Coxsackie B5 virus 
replication took place in the exposed swine The virus used 
had eleven passages 1n mouse brain and four in monkey kidney 
tissue culture cells before growth in the IBRS-2 cells It 1s 
reasonable to speculate that virus with a different passage 
history might have caused disease 1n the exposed pigs 

The reciprocal situation of testing the susceptibility of man 
to infection with SVDV ıs not readily investigated The 
relationship of SVDV to a human virus can, however, be shown 
by the neutralizing of SVDV by human sera Significant 
neutralization of SVDV-HK by twénty-two of twenty-four 
human serum samples was found Fourteen were from workers 
in a laboratory where SVDV was present but they did not have 
significantly higher titres than those from non-laboratory- 
associated persons Determination of whether this neutraliza- 
tion was due to previous infection with SVDV or Coxsackie 
B5 virus depends on the development of a test to distinguish 
differences between the virus strains, however, the absence of 
SVDV neutralizing antibody in serum samples from normal 
swine as well as absence of clinical signs of the disease supports 
the contention that the virus-neutralizing antibody in human 
sera was due to past infection with Coxsackie B5 virus 

The serological relationship between SVDV and Coxsackie 
B5 virus suggests the possibility of transmission of a virus 
between the two species The absence of SVDV neutralizing 
activity 1n normal swine sera indicates that SVDV may well 
be a new enterovirus of the porcine species and the reciprocal 
evidence of SVDV neutralizmg antibody ın man implies a 
contemporary experience 1n humans with a virus very closely 
related to SVDV The development of SVDV neutralizing 
antibody in the pigs exposed to Coxsackie B5 virus indicates 
that infection of swint by this virus can occur We may be 
observing the development of a new disease of pigs, with good 
indication that the origin of the causative agent was man 

Ithank J B Brooksby, director of the Animal Virus Research 
Institute, Pirbright, for the viruses and IBRS-2 cell line and 
for consultation with his staff, in particular F Brown and 
R Burrows Ialsothank E Appelt, N Shuot and W Doroski 
for technical assistance, and P D  McKercher, Plum Island 
Animal Disease Center, for useful discussions The swine 
enteroviruses were supplied by A H Dardin of the same 
laboratory 
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Antigenic Differences between Isolates 
of Swine Vesicular Disease Virus and 
their Relationship to Coxsackie B5 
Virus 

THERE have been several outbreaks of a vesicular disease 
In swine in which the causative agent was shown to be an 
enterovirus^? ‘The first occurred ın Italy ın 1966! and this 
was followed by an outbreak in Hong Kong in 19712. A 
more serious and widespread outbreak occurred in the 
United Kingdom during the winter of 1972-73? and several 
other cases were reported in Austria, France, Italy and 
Poland during the same period Further cases also occurred 
in the United Kingdom in June 1973 From an epidemio- 
logical point of view 1t was important to know whether the 
same strain of virus had caused the disease in the different 
countries Differences between some isolates could be 
demonstrated by complement fixation tests using specific 
antisera prepared ın guinea pigs (Arrowsmith, A , personal 
communication) and by cross-neutralization tests using sera 
from convalescent swine (ref 2 and R B, Mann, J A, 
and Goodridge, D , unpublished) We show here that un- 
equivocal antigenic differences between some of the isolates 
can be demonstrated by immunodiffusion tests 





Fig. 1 Immunodiffusion tests of three isolates of SYDV with 

each specific convalescent swine serum 1 and 2, United 

Kingdom 1972 virus, 3 and 4, Hong Kong 1971 virus, 5 and 6, 

italy 1966 virus, UK, United Kingdom 1972 serum, HK, 
Hong Kong 1971 serum, It, Italy 1966 serum 


Purified preparations of the viruses were allowed to diffuse 
through 075% (w/v) agarose towards either serum from 
convalescent swine which had been infected with the different 
isolates or hyperimmune serum from guinea pigs which had 
been inoculated with purified preparations of the different 
viruses A precipitin line common to all the isolates was 
observed with each serum but in addition a specific spur 
line was obtained with each virus and its homologous serum 
when the viruses in adjacent wells were antigenically 
different Figure 1 shows the reactions obtained with the 
viruses isolated from the outbreaks in Italy in 1966, Hong 
Kong in 1971 and the United Kingdom in the winter of 
1972-73 The spur lines were clearly visible when observed 
directly but they were difficult to record photographically 
To obtain a record of the reactions, autoradiograms of the 
precipitin patterns were made, using radioactively labelled 
viruses in the immunodiffusion tests 

Similar tests were made with the viruses 1solated from the 
outbreaks in 1972-73 ın Austria, France, Italy, Poland and 
the United Kingdom With the exception of the French 
isolate, no antigenic differences could be demonstrated 
between these viruses A typical test, in which the Austrian 
and United Kingdom isolates were compared with the French 
isolate, ıs shown in Fig 2 The French virus was also 
antigenically different from the Italy 1966 and Hong Kong 
1971 isolates These results suggest that the viruses causing 


* the recent outbreaks in Austria, Italy, Poland and the United 
e e Kingdom are antigenically similar to each other but different 


from the French isolate and from those occurring in Italy 
in 1966 and Hong Kong in 1971 

Isolates from infected swine on ‘eight fafms in different 
parts of the United Kingdom were compared by immuno- 


EZ 
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Fig. 2 Immunodiffusion tests of three isolates of SVDV with 


each specific convalescent swine serum 1 and 2, United 

Kingdom 1972 virus, 3 and 4, Austria 1973 virus, 5 and 6, 

France 1973 virus, UK, United Kingdom 1972 serum, A, 
Austria 1973 serum, F, France 1973 serum 


diffusion tests With the viruses isolated during the winter 
outbreak no antigenic differences could be found The 
virus isolated from a recent outbreak (June 1973) in Wrex- 
ham, Denbighshire, was, however, found to be antigenically 
different from those obtained during the winter outbreak 
This new isolate was also different from those obtained 
from Austria. France, Hong Kong, Italy (1966 and 1972) 
and Poland 

Graves! has shown recently that the Italy 1966, Hong 
Kong 1971 and United Kingdom 1972-73 isolates 
are neutralized by Coxsackie BS antiserum Anti- 
serum against the Hong Kong isolate of swine vesicular 
disease virus (SVDV) also neutralized Coxsackie B5 virus 
However, Coxsackie B5 virus could be clearly distinguished 
by immunodiffusion tests from all the SVDV isolates we 
have examined A precipitin line common to Coxsackie B5 
virus and the SVDV isolates was obtained but in addition 
a specific spur was obtained with each virus and its homo- 
logous antiserum The antigenic difference between Cox- 
sackie B5 virus and the United Kingdom 1972-73 and Italy 
1966 isolates of SVDV 1s shown in Fig 3 





Fig 3 Immunodiffusion tests of two isolates of SVDV and 

Coxsackie B5 virus with an SVDV convalescent swine serum 

and serum from a pattent convalescing from aseptic meningitis 

] and 2, United Kingdom 1972 virus, 3 and 4, Coxsackie B5 

virus, 5 and 6, Italy 1966 virus, UK, United Kingdom 1972 

serum, B5, Coxsackte B5 antiserum, CH, serum from patient 
convalescing from aseptic meningitis 


This technique for differentiating between SVDV and 
Coxsackie B5 has also proved useful ın examining the cause 
of some illnesses occurring among workers at this institute 
during the winter of 1972-73 These workers experienced 
symptoms similar to those which occur in Coxsackie virus 
infections All had been engaged in laboratory or animal 
experiments with SVDV and serum samples taken from 
them late after infection contained high levels of neutralizing 
activity against this virus (R B, Mann, J A , and Goodridge, 
D, unpublished) The close serological relationship between 
Coxsackie B5 virus and SVDV demonstrated by Graves! 


raised the question whether these illnesses had beenecause? , 


by infection with Coxsackie B5 virus or with SVDV 
Immunodiffusion tests on the sera with high levels of 
neutralizing activity gave specific spur lines with SVDVY, 
suggesting that the illnesses 1n these cases had probably been 
caused by this virus An example with the serum from one 
of tlie patients 1s shown ın Fig 3 


2 a ` ~ r ] . ' a) 
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These results demonstrate the use of the 1mmunodiffusion 
test ın comparing strains of virus in outbreaks of swine 
vesicular disease, with its obvious application to epidemio- 
logical studies, and indicate that there are several anti- 
genically distinct strains of the virus The experiments 
also suggest that SVDV may cause illness 1n humans, similar 
to that found 1n Coxsackie virus infections 

We thank Dr J H Graves, Plum Island Anmak- 
Disease Laboratory, New York, USA, for discussions and 
for making available his results on SVDV and Coxsackie 
B5 virus before publication We also thank Dr 
D R Gamble, Public Health Laboratory, Epsom, Surrey, 
for providing the Coxsackie B5 virus and antiserum and the 
staff of the World Reference Laboratory of this Institute 
for the SYDV solates 
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Analysis of Virus Replication in 
Ageing Human Fibroblast Cultures 


Since Swim and Parker! and Hayflick and Moorhead? 
documented the limited life span of diploid human fibro- 
blasts 1n cell culture, many investigators have used these 
cells as possible models of cellular senescence Most 
normal human fibroblasts exhibit marked cellular changes 
and eventualy cease growth after fifty to seventy cell 
divisions Hayflick? and Martin et al* demonstrated an 
inverse relationship between the life span of cultured 
human diploid fibroblasts and the age of the donor 
Furthermore, fibroblasts from children with premature 
ageing diseases have a markedly reduced potential for cell 
divinon* Many investigators have studied human fibro- 
blasts to determine whether their finite life span 1s related 
to ageing, and to determine the mechanism of ‘senescence’ 
im these cells> There ıs no firm evidence, however, that 
fibroblast ‘ageing’ or limited fibroblast division potential 
1s necessarily involved in the tissue and organ changes 
associated with ageing of individuals Many types of cells 
which are obviously important in ageing of the whole 
organism undergo little or no division in adults (for 
example, neurones), and others which divide rapidly (for 
example, intestinal epithelium) have not been shown to 
behave as fibroblasts do, either 1n culture or in the organism 

Orgel* suggested that accumulating errors at the level 
of translation could eventually lead to an error catastrophe, 
and that such effects might be involved in ageing cells 
Holliday and Tarrant’ and Lewis and Tarrant® demonstrated 
that diploid human fibroblasts accumulate heat-labile 
enzyrnes during the final stages of their life span ın culture. 
They showed that the RNA base analogue 5-fluorouracil 
induced premature senescence in these cells, and again 
altered enzymg was observed Lewis and Tarrant? found 
that the ratio of active enzyme to cross-reacting material 
changed considerably as ageing cells approached death, 
and that the cells simultaneously lost the ability to dis- 
criminate between methionine and its analogue ethionine 
(the relative incorporation of ethionine increased markedly 
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with senescence) These results are compatible with the 
error catastrophe theory, but as Lewis and Tarrant® point 
out, they do not conclusively support it since the accumu- 
lation of altered protein in ageing cells may not necessarily 
be a cause of ageing and death 

We have used virus infection to assess further the state 
of senescent human fibroblasts The introduction of viral 
genes into ageing cells allows determination of their ability. 
to replicate and translate viral genetic information inde- 
pendently of the mutational status of the cell DNA (except 
as cellular mutations may have affected the translational 
machinery) If the ageing fibroblasts are synthesizing a 
large percentage of abnormal proteins, then viral replication 
should be affected (due to altered viral replicases) and viral 
maturation should be defective since some altered proteins 
would be likely to interact in the assembly process involving 
hundreds or thousands of structural proteins per virion 
Bayfiick and Moorhead? showed that non-senescent diploid 
human fibroblasts are susceptible fo various RNA and 
DNA viruses, and we report here the effect of senescence 
on susceptibility to three viruses 





Table 1 Virus Yields from Senescent and Control (Low Passage) WI38 
Human Fibroblasts 





Virus yield 
Cell passage level Cell No Total virus per cell 
yield (PFU) (PFU per cell) 
Vesicular stomatis virus 
Passage 21 (control 1x 106 16x10!° 16,000 
Passage 59 (senescent) 1x106 2x 101° 20,000 
Passage 24 (control) 2x105 3x 10° 15,000 
Passage 51 (senescent) 2x 105 25x10? 12,500 
Passage 32 (control) 1x106 2x 101° 20,000 
Passage 60 (senescent) 1x 10° 3x 101° 30,000 
Type 1 poliovirus 
Passage 23 (control) 1x105 18x10? 1,800 
Passage 61 (senescent) 1x109 26x10? 2,600 
Passage 22 (control) e 1x 109 39x10? 2,000 
Passage 59 (senescent) 1x 10° 24x10? 2,400 
Heipes simplex virus type 1 

Passage 23 (control) 1x107 5x 1019 5,000 
Passage 60 (senescent) 1x107 5x 1019 5,000 
Passage 32 (control) 1x105 2x10? 2,000 
Passage 61 (senescent) 1x10$ 16x10? 1,600 





High passage senescent cell cultures were from different stocks of 
the WI38 cell and some became senescent at later passage numbers 
than others All senescent cells (above passage 50) used in these 
experiments were terminally senescent (cell division had ceased in 
nearly all cells) Control cells at low passages were rapidly repli- 
cating cultures VSV plaque assays!? were carried out on BHK;, 
hamster cells, poliovirus plaque assays on HeLa cells, and herpes- 
virus assays on a diploid human fibroblast cell stram established in 
this laboratory In all of the above experiments but one, control 
and senescent cells were infected at a multiplicity of 50-100 PFU 
per cell In the second VSV experiment (passages 24 and 51) a low 
multiplicity of infection was used (0 01 PFU per cell) In all cases 


virus yields were determined when oytopathology was! maximal (all - 


cells showed total cytopathology in control and senescent cultures by 
about 24 h following VSV and poliovirus infection and by 40 h 
following herpesvirus infection) Low multiplicity infection. of 
senescent cells with herpesvirus gave very slowly progressing cyto- 
pathology and lower yields The protein content per cell of control 
and senescent fibroblasts was approximately the same 


Table 1 demonstrates that high passage senescent WI38 
fibroblasts and low passage control cells were equally 
susceptible to poliovirus, to vesicular stomatitis virus (VSV) 
and to Herpes simplex virus type 1. Ever though the 
senescent cells used were at the final possible passage before 
death, and all cells had ceased dividing, the virus yields 
per cell were equal to those in the non-ageing low passage 
contro] cell cultures Viral cytopathology and death were 
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Log jo PFU/ml 
e 


———— 
10 20 


2 4 6 8 
Time (h) 
Fig 1 Kinetics of production of infectious VSV by senescent 
cells and low passage control cells of WI38 strain diploid human 
fibroblasts | Senescent and control cells (2 x 105) were infected 
with Indiana serotype VSV at a multiplicity of 100, and 0 05 ml 
samples of the medium were withdrawn at indicated times follow- 
ing washing and incubation in 3 ml of fresh medium at 37? C (All 
infectious virus was released into the medium since VSV matures 
by budding to the extracellular space from the plasma mem- 
brane) x, Senescent WI38 cells at terminal passage (passage 
51), @, control non-senescent WI38 cells at passage 24 


complete in all cells in both high passage and low passage 
cultures Table 2 shows that senescent cells produced virus 
of approximately the same specific infectrvity as did low 
passage control cells Senescent cells did not seem to be 
making an unusual number of inactive virus particles This 
ability of ageing cells to support normal yields was surpris- 
ing since these were terminal passage cultures ın which all 
cells exhibited. advanced signs of senescent degeneration 
(cytoplasmic granularity, highly branched cytoplasmic pro- 
cesses and so on) 


Table 2 Specific Infectivity of Vesicular Stomatitis Virus Grown in 
Senescent Cells and in Control Low Passage Cells 


Specific infectivity 
(PFU per mg protein) 


21x10! 
19x10!! 


Cells in which the virus pool 
was grown 
Passage 23 (control WI38 cells) 
Passage 61 (senescent WI38 cells) 


Senescent and control cells were infected at a multiplicity of 1 and 
virus yields were collected and purified after 20 h at 37? C Purifica- 
tion involved differential centrifugation, agarose gel chromatography 
and sucrose gradient rate zonal centrifugation The amount of pure 
virus protein recovered was related to the total PFU determined 
from a small sample of the unpurified virus suspension, not from the 
purified virus which aggregates and loses considerable infectivity 
after the first concentration step No correction was made for virus 
loss during purification, and it 1s assumed that purification losses 
were similar for senescent.and control cells Plaque assays were 
performed on BHK., cells!? 


Figure 1 compares the kinetics of production of VSV 
by senescent cells and low passage control cells It can 
be seen that mature infectious virus was produced more 
rapidly by ageing fibroblasts than by rapidly growing control 
cultures Jt 1s clear that the senescent cells are at least as 
efficient in replicating and assembling VSV as non- 
senescent controls 
elt seemed possible that in spite of the efficiency with 

* which infectious virus was produced, the virions from 


e senescent cells might* contain a significant proportion of 


abnormal structural proteins which would render them 
more thermolabile than virions’ produced by normal cells 
Figure 2 demonstrates that this ıs not so ‘The infectivity 
of virions produced in senescent cells was thermally 


318 


10 

2 
x 
810 2 
T 
oD 
c 
£ 
S 
2 
§ 10-4 
BR. 

10-6 

2 4 6 
Min at 55 C 


Fig. 2. Comparison of the kinetics of thermal inactivation at 
55? C of VSV grown 1n senescent and low passage WI38 cells 
Virus yields from both sources were collected 20 h after infec- 
tion, adjusted to equal concentrations in Eagle's minimum 
essential medium containing 10% calf serum and heated in small 
samples for indicated times in this medium |], Virus from 
terminal passage senescent (passage 51) WI38 cells, W, virus 
from control non-senescent WI38 cells at passage 24 


inactivated at 55? C at a rate identical with the inactivation 
of virions produced by low passage cells At 55° C, pseudo- 
first-order inactivation kinetics were obtained with virus 
from both non-ageing and senescent cells (Fig 2) At 50° C, 
virus from low passage and from high passage cells again 
showed identical inactivation kinetics, but a complex multi- 
component curve was seen in both cases (data not pre- 
sented) VSV ıs a complex membrane virus containing 
thousands of proteins some of which assemble into struc- 
tures with helical and icosahedral or hexagonal symmetry? 
If a significant proportion of abnormal viral structural 
proteins are synthesized in the senescent cells they must 
be excluded from the viral assembly process Similar 
thermal stability was observed for poliovirus grown in 
senescent cells and control cells 

If generalised error catastrophe is 1nvolved in senescence 
of cells, errors 1n protein synthesis could lead to mutagenesis 
through synthesis of altered polymerases and the mutations 
could ın turn lead to further errors ın translation as out- 
lined by Holliday and Tarrant Therefore, we have com- 
pared the mutation rates of poliovirus grown in senescent 
cells and in low passage control cells Poliovirus induces 
a replicase in infected cells” and, 1f the replicases synthesized 
in senescent cells include a significant percentage of 
abnormal molecules, the mutation rate might be altered 
Growth of wild type poliovirus 1s inhibited by 10-? M 
guanidine? and spontaneous mutation to guanidine resist- 
ance can be measured accurately 

Table 3 shows that the spontaneous rate of mutation 
to guanidine resistance ıs not significantly altered during 
replication ın senescent cells — Virus yields from senescent 
cells exhibited the same low level of mutants for this 
character as were found in yields from low passage cells 
It appears that highly mutagenic replicase molecules are 
not being synthesized at significant levels ın gnfecteel 
senescent cells i 

These results are not in accord with a situation ın which® * 
generalised translation error 1s occurring, but they do not 
disprove error, catastrophe ın which translational errors 
are not generalised Fór example, it 1s possible that errors 
might be restricted to certain’ unusual codons Alternatively, 
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viruses might have evolved so that they can replicate and 
mature efficiently in spite of translational error Altered 
viral protems might be relatively unstable or unable to 
compete with unaltered replicase molecules or with structural 
proteins in replication and assembly The most obvious 
explanation for the difference between the present results 
and those of Holliday and Tarrant’? and Lewis and Tarrant® 
is based on the possibility, which they pomted out, that 
the lowered specific activity of cellular enzymes might be 
due to accumulation of inactive enzyme in dead or dying 
cells Since viral proteins are all newly synthesized in 
senescent cells, the presence of ‘old’ viral proteins was 
not a factor in the study reported here 


Table 3 Comparison of Mutation Rates (to Guanidine Resistance) of 
Poliovirus Grown in Senescent Cells and Control Low Passage Cells 








Total virus Yield of guani- 








i Fraction 


Cells 1n which the polio- yield dine-resistant of mutants 
virus pool was grown * (PFU) mutants(PFU) 1n yield 
Passage 23 WI38 (control) 18x10? 8x10* 44x10-5 

Passage 61 WI38 (terminal 
senescence) 26x10? 7x 10+ 27x 10-5 


* Senescent or control WI38 fibroblast monolayer cultures were 
infected at a multiplicity of 50 by adsorption of type 1 poliovirus wild 
type to 1 x 10% cells for 30 mın Infected cells were washed thoroughly 
and incubated at 37? C in Eagle's minimum essential medium plus 
10% calf serum No guanidine was added The virus yields were 
collected 18 h after infection, and the total yields from each culture 
were determined by plaque assay on HeLa cells under Eagle’s 
medium containmg 04% agarose The yield of guanidine resistant 
mutants from each culture was determined by plaque assay on HeLa 
cells under Eagle’s medium containing 04% agarose and 1 mM 
guantdine hydrochloride Plaques were stained and counted after 
incubation at 37° C for 48 h (ref 13) 


Further studies are needed before the error catastrophe 
theory can be proved or disproved Obviously, careful 
quantitation of the synthesis, the specific activity and the 
turnover rates of a virus-induced enzyme could provide 
considerable insight into the synthetic capabilities of 
senescent fibroblasts In all such investigations ıt must be 
remembered that fibroblast senescence in culture may or 
may not be relevant to the cellular changes undergone 
by fibroblasts and other cell types during agemg of the 
whole organism 

We thank Dr Leonard Hayflick for early and late passage 
WI38 strain diplord human lung fibroblasts, and Steven 
Tracy for some of his late passage cultures of the same cell 
stran We also thank Drs Paul Price and Jonathan 
Gallant for helpful discussions This work was supported 
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Effect of Neuraminidase Pretreatment 
on the Susceptibility of Normal and 
Transformed Mammalian Cells to 
Bovine Enterovirus 261 


TAYLOR et al reported regression of ascites and solid tumours 
1n mice inoculated with bovine enterovirus 1 (BEV-1)! with- 
out any observable pathological effect on the animals The 
basis of the oncolytic specificity was associated with the 
adsorption spectrum of the virus?? The specificity was also 
expressed im vitro since virus transformed and oncogenic 
cells were susceptible to BEV-1, 1n contrast to cells of un- 
transformed lines and of primary cultures, which were 
resistant* 

Our results demonstrate that bovine enterovirus 261 
(BEV-261) has an oncolytic specificity similar to that of 
BEV-1 However, normal human cells were lysed after treat- 
ment with the virus when the infected cultures were overlaid 
with agar Data on the susceptibility of neuraminidase- 
treated normal and transformed cells to BEV-261 are 
discussed here 

Strain L clone 929 mouse fibroblasts were purchased from 
Grand Island Biological Company, New York 3T3 cells 
were supplied by Dr J Robb, University of California, San 
Diego SV40-transformed 3T3 cells were originally obtained 
from Dr Helene Smith, University of California, Berkeley 
Moloney sarcoma virus-transformed Balb/c mouse cells 
were obtained from Dr J Massicot of the National Cancer 
Institute HeLa, WI-38, L-132 (human embryonic lung), 
BHK-21 (clone 13), and BS-C-1 monkey kidney cells were 
purchased from the American Type Culture Collection. 
HFM human diploid skin fibroblasts were initiated 1n culture 
byG DS 

Cell monolayers were cultured in 75 cm? plastic flasks 
(Falcon) each containing 15~20 ml minimal essential medium 
(MEM) supplemented with 10% heat-inactivated (56° C, 30 
min) foetal calf serum and 1n an atmosphere of 5% carbon 
dioxide and air Confluent cultures of transformed and un- 
transformed cells were trypsinized (01% trypsin) and split 
I 8 and 1 4 respectively at 7-d intervals 

Madin-Darby bovine kidney (MDBK) cells cultivated in 
MEM were used to grow high titre lysates of BEV-261 The 
cells were infected, and virus was collected and assayed by 
the plaque technique 3n MDBK cells as described by Taylor 
et al? 

To determine the susceptibility of the cultured cells to 
infection with BEV-261, confluent cultures were trypsinized 
and the cell suspensions were inoculated into each of a series 
of 60X15 mm tissue culture dishes (Falcon) After 1-2 d, 
the medium was removed and replicate cultures inoculated 
with 01 ml of three dilutions of virus, that 1s, 107°, 1075, 1075 
(original virus stock containing 18x10’ PFU ml“) After 
incubation for 1 h at 37° C, the monolayers were washed 
three times with 3-5 ml pre-warmed phosphate-buffered 
saline (PBS) and replaced with 5 ml medium containing 10% 
GG-F newborn calf serum At daily intervals after infection, 
all plates were examined microscopically for evidence of 
cytopathic effects (CPE) When CPE was obsexved, the cul- 
tures were rinsed with saline and the cells fixed with ethanol 
glacial acetic acid (3 1) and stained with Harris haematoxylin 
solution The remaining cultures were transferred twice for 
further examination of the cells for CPE These cultures 
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were then rinsed, cells were fixed and stained At least four 
cultures were used for each virus dilution and for controls 

Sialic acid 15 known to influence the adsorption of several 
viruses to cells** To determine whether it participates in 
BEV-261-cell interaction, confluent monolayers of trans- 
formed strain L and MDBK cells and normal HFM human 
skin cells cultured in 60X15 mm plates were treated with 
Vibrio cholera neuraminidase (VCN), as described by Helge- 
land’, before exposure to BEV-261 Cells treated with either 
virus or VCN, heated VCN (56° C, 30 min) and untreated 
cultures were controls All cultures were overlaid with agar’ 
and plaques were counted after 24-72 h 


eee 
Table 1 Response of Various Cell Types to Treatment with BEV-261 





In vitro 
Cell type Characteristics CPE 
3T3 Contact inhibited mouse fibroblasts — 
(stable) 
3T3 SV40* Viral transformed (not stable) + 
Balb/c MSV t Viral transformed mouse fibroblasts + 
(not stable) 
L cells Continuous cell line (not stable) + 
HFM Human diploid skin fibroblasts (stable) — 
WI-38 Human diploid Jung fibroblasts (not 
fully stable) + 
L-132 Human embryonic lung (not stable) T 
HeLa Human cervical carcinoma (not stable) + 
BHK-2I (clone 13) Hamster kidney fibroblasts (not fully + 
stable) 
BS-C-1 Continuous cell line (not stable) + 





* $V40, Simian virus 40 
t MSV, Moloney sarcoma virus 
+, Cytopathic effect, —, no cytopathic effect 


Table 1 presents data on the CPE of BEV-261 on cultured 
cells CPE usually developed within 24-48 h at all virus 
dilutions The data indicate that all transformed cells were 
susceptible to BEV-261 "Normal" 3T3 and HEM cells were 
resistant, however, as shown 1n Table 2, plaques could be 
observed 1n infected HFM cells through use of agar overlay 
technique Similar to the results of Sedmak et al *, WI-38 cells 
were slightly susceptible to BEV-261 

The data in Table 2 illustrate that pretreatment of HFM 
cells with VCN (2 or 5 U) for 2 or 24 h rendered them com- 
pletely unsusceptible to BEV-261 as measured by inhibition 
of plaque formation Similar treatment had no effect on the 
susceptibility of MDBK or L cells to the virus However, 
pretreatment of MDBK cells with 50 U VCN for 24 h 
resulted in an average 60% decrease in PFU per monolayer 
Data for L cells are given 1n estimated percentage monolayer 
destruction because, under agar, virus-infected cells were 
only partially lysed and the plaques could not be easily 
counted Untreated cultures and cultures treated with VCN 
only were normal during the experiments As expected, HFM 
cells treated with heat-inactivated VCN were as susceptible 
to BEV-261 as untreated cultures 

Table 2 also indicates that MDBK and L cells are more 
susceptible to BEV-261 than HFM cells, little or no viral 
activity could be observed in HFM cultures at the 10745 
dilution of virus (virus stock contained 18X10’ PFU/ml) 

The in vitro oncolytic specificity of BEV-261 1s very similar 
to that of BEV-1‘, that 1s, transformed cells were susceptible 

* and normal cells appeared resistant to the virus However, 
CPE could be observed ın normal human HFM cells when 
the cultures were treated with higher concentrations of virus 

ethan were used for HeLa and L-132 cells, and when the 

K nfected cultures were overlaid with agar Presumably, the 
agar overlay served to localize the virus to enable infection 
Complete lysis of infected HFM cultures occurred within 
5-6 d Although not tested, other normal cell types may have 
been susceptible to BEV-261 under these conditions 
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These results seem important when considering the use of 
enteroviruses for therapy of human cancer as suggested by 
Sedmak et al^ Treatment of cancer patients, particularly 
those with well progressed tumours, would probably require 
high concentrations of virus We have shown that BEV-261 
can destroy normal human cells ın vitro If, 1n similar in 
vitro conditions, other bovine enteroviruses have the same 
effect, then treatment of cancer patients with these entities 
could lead to destruction of normal tissues and other un- 
desirable complications The use of low doses of entero- 
virus to destroy residual tumour cells after treatment by 
surgical, radiological or chemical methods might be more 
practical 





Table 2 Response of HFM, MDBK and L Cells to Infection with BEV- 
261 after Treatment with Neuraminidase 





t Treatment 
Cell Virus U of neuramini- PFU per Mean 
type dilution dase per ml Hours monolayer 
HFM 10733 20 2 0 1 0 0 33 
50 2 0 0 0 0 
20 24 0 0 0 0 
50 24 0 0 0 0 
No treatment 47 58 52 53 
* HIVCN 50 42 41 63 48 
MDBK 10745 20 2 111 94 103 103 
50 2 85 96 99 93 
20 24 89 110 110 103 
50 24 78 97 99 91 
500 24 32 41 44 39 
No treatment 98 97 102 99 
Percentage monolayer 
destruction (estimated) 
L 10745 2 50 40 30 40 


20 

50 2 30 20 40 30 

20 24 60 25 30 38 

50 24 30 40 30 33 
No treatment 40 30 30 33 


Vibtto cholera Neuramınıdase obtained from Behringwerke AG 
had an activity of 500 U ml-!* One neuraminidase unit was the 
amount of enzyme required to release 1 ug of sialic acid from human 
a,-acid glycoprotein tn sodium acetate-acetic acid buffer (pH 5 5) in 
15minat37? C The preparation was claimed to be free of aldolase, 
lecithinase C and proteolytic enzymes 


* HIVCN, heat-inactivated (56° C, 30 min) Vibrio cholera neur- 
amunidase (5 U ml-!) : 


The data from preliminary experiments with VCN-treated 
HFM cells and MDBK cells indicate that sialic acid partici- 
pates in the adsorption of BEV-261 to both normal and 
transformed cells The observation that larger quantities of 
VCN were required to remove virus receptor from MDBK 
cells suggests that they possess more sialic acid than normal 
HFM cells This agrees with several reports indicating that 
transformed cells contain more sialic acid than do normal 
cells, and may explain why they are more susceptible to 
BEV-261 Studies-are m progress: to define further the cell 
receptor for BEV-261^ 
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Mutagenesis of Mouse Myeloma 
Cells with ‘Melphalan’ 


TECHNIQUES have been developed to study the potential 
mutagenic affects of various drugs on mouse myeloma cells 
Cells from mouse plasmacytomas have been adapted to con- 
tinuous culture, cloned in soft agar, and the clones have been 
overlayed with antisera specific for the immunoglobulin 
chains The immunoglobulin secreted by the myeloma cells 
precipitates with the antibody in the agar surrounding the 
clones Clones which have lost the ability to secrete immuno- 
globulin remain unstained by antigen-antibody precipitates 
and can be recovered and scored as variants! Mouse 
myeloma cells which produce IgG spontaneously lose the 
ability to produce heavy chains and produce light chains at 
a rate of 1 1X 107? per cell per generation The incidence 
of variants 1s not increased by treatment with the alkylating 
agent, ethyl methane sulphonate Nitrosoguanidine causes 
a two-to-three-fold increase in variants while the acridine 
half mustard, ICR-191, which is effective in producing frame 
shift mutations 1n microorganisms’, produces a twenty-fold 
increase 1n variants? 

The phenylalanine mustard, ‘Melphalan’ (p-[di-(2 chloro- 
ethyljamino]-L-phenylalanine) 1s frequently used ın the treat- 
ment of human multiple myeloma Following treatment 
with the drug, patients have been reported to show an 
increase 1n the amount of light chain produced, an apparent 
change in the structure of the paraprotein itself, or complete 
loss of paraprotein synthesis Because these changes are 
similar to those which we have seen in cultured mouse 
myeloma cells, the effect of 'Melphalan' on the mouse 
myeloma cells has been examined 

"Mouse myeloma cells derived from the MPC-11 tumour, 
which produces IgG», were maintained 1n continuous suspen- 
sion culture in Dulbecco’s modified Eagle's medium (Grand 
Island Biological Co) supplemented with glutamine, non- 
essential amino acids, penicillin, streptomycin, and 20% 
heat inactivated horse serum "Melphalan' (Burroughs Well- 
come) was dissolved in propylene glycol at 02 to 10 mg ml“ 
and diluted in growth medium just before treatment of the 
cells A freshly recloned line of MPC-11 cells was used to 
minimize the background of spontaneous variants Cells 
growing logarithmically at a concentration of 2-6 x 10$ cells 
ml-! were incubated in the presence of the drug for 24 h 
at 37° Cin 5% CO, Control cells were treated with similar 
concentrations of propylene glycol Cells were removed 
from the drug by centrifugation, incubated in fresh medium 
for an additional 24 h, and then cloned in soft ‘Agarose’ on 
rat embryo fibroblast feeders as described previously’ Cells 
(1,500-6,000) were cloned ın separate dishes and after several 
‘days, when individual clones were easily identified, the 
dishes were overlayed with antiserum specific for the MPC-11 
heavy chain. Clones secreting heavy chains containing mole- 


e cules were surrounded and partially obscured by an antigen- 


antibody precapitate® Clones which had either lost the ability 
to secrete heavy chains or were producing an antigenically 
deficient heavy chain were not surrounded by a visible precipi- 
tate and were scored as variants Such unstained clones were 
recovered, grown up to mass culture, and their intracellular 
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and secreted immunoglobulins were further characterized by 
double diffusion in agar (Ouchterlony) Selected variants 
were incubated with either “C- or ?H.amino acids, their 
cytoplasmic extracts and secretions were immunologically 
precipitated and analysed on sodium dodecyl sulphate (SDS)- 
containing acrylamide gels® 


eee 


Table 1 Incidence of Unstained Colonies after in Vitro Treatment of 
Plasmacytoma Cells with Various Concentrations of 'Melphalan' 





*Melphalan' Cell No of No ofun-  Unstained 
g ml-! killing clones stained clones clones (97) 

0 0 3,777 17 0 45 
2x 10-7 68% 2,336 31 1 33* 
4x10-7 7255 5,926 100 169* 
6x 10-7 84% 2,961 55 1 86* 
8x10-7 91% 1,298 31 2 39% 
ICR-191 
110-79 g mi~! 57% 1,284 40 31+ 


Cell killing was calculated by multiplying the cell survival at the 
time of plating by the relative cloning efficiency (ratio of the cloning 
efficiency ın the ‘Melphalan’ treated dishes over the cloning efficiency 
in the control dishes) 

* P<0 001 (x? test) 


When the cultured mouse myeloma cells were treated with 
doses of 'Melphalan' which killed 68-9195 of the cells, a 
significant increase in the incidence of unstained clones was 
observed (Table 1) Cell killing and the incidence of variants 
increased with increasing amounts of the drug In conditions 
where 91% of the cells were killed, there was a six-fold 
Increase in variants and more than 2% of the surviving 
clones were unstained In the same experiment, treatment 
with a dose of ICR-191 which killed 5796 of the cells caused 
an incidence of variants of 3195 (Table 1) 

To ascertain that the high incidence of variants was not 
due to selective killing of the wild type cells, light chain 
producing variants obtained from the non-mutagenized 
control dishes were grown to mass culture and their suscepti- 
bility to Killing by ‘Melphalan’ was compared with the total 
parent culture No difference was detected 

Twenty presumptive variants were recovered from the 
plates and analysed by double diffusion in agar with a 
variety of antisera Sixteen did not contain detectable 
amounts of intracellular heavy chain when analysed with 
either antibody made against denatured MPC-11 heavy 
chains or antibody against the Fc region of the MPC-11 
paraprotein All sixteen clones synthesized and secreted 
light chains The radioactively labelled cytoplasmic and 
secreted immunoglobulins of some of these presumptive light 
chain producers were analysed on SDS-containing acrylamide 
gels Heavy chains were not detected Based on previous 
experiments, heavy chains would have been detected if they 
were synthesized at 1/50—1/100th the rate present in the 
parent? 

In contrast, the remaining four ‘Melphalan’ variants con- 
tained intracellular immunoglobulins which reacted with anti- 
body made against denatured MPC-11 heavy chains Ouchter- 
lony analysis using a variety of antisera showed that the 
immunoglobulins produced by these four variants lacked 
antigenic determinants present in the parent protein 

The SDS gel analysis of the 1mmunoglobulins produced 
by one of these variants ıs shown 1n Fig 1 Proteins from 
the parental clone were used as markers The migration 
of molecules in the SDS acrylamide gel system is a function, 
principally of their size, so the gels show that a variety of 
immunoglobulin molecules of abnormal size were produced 
and assembled by the variant When the intracellular 
immunoglobulins of the*parent and the variant were reduced, 


heavy chain was distinctly smaller than that of the parent 
(41,000 as compared with 55,000) The variant L chain was 
slightly smaller than the parent (inset of Fig 1)  Pre- 
liminary peptide maps of the variant H chain revealed that 
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Fig. 1 SDS acrylamide gel electrophoresis of immunoglobulins 
produced by a ‘Melphalan’ variant (——) The cells were labelled 
for 10 min with! *C-valine, threonine and leucine Cytoplasmic 
extracts were prepared by lysis with NP 40 in the presence of 
0 06 M 10dacetamide, and immune precipitated by a rabbit and 
MPC-11 protein serum and a sheep and rabbit gamma globulin 
serum The 1mmune precipitates were dissolved in 2% SDS and 
co-electrophoresed 1n 01% SDS, 5% acrylamide gels with 
purified H2L2, H and L polypeptide chains from the parent 
clone (---) Inset The same material after reduction and 
alkylation The arrows indicate the position of the parent 
H and L chains 


it lacks eight or nine of the thirty-five chymotryptic peptides 
found in the parent Prelimmary SDS acrylamide gel analysis 
of the four variants producing defective heavy chains revealed 
significant differences amongst all of them 

Each of these variants was recloned after 5 weeks in 
culture Twenty to twenty-five subclones of each have been 
examined by double diffusion in agar and all of the clones 
maintained the serological characteristics of the variant No 
revertants were found when 2,000 subclones of each of the 
variants were examined by overlaying them with the anti- 
serum used in the original plate assay The variants have 
continued to be stable serologically and electrophoretically 
for the 4-5 months since they were isolated 

These studies indicate that ‘Melphalan’ 1s very effective in 
inducing stable and heritable changes in immunoglobulin 
production in mouse myeloma cells The characteristics of 
both the light chain and defective heavy chain producing 
variants and their very high incidence are similar to those 
which we have observed with ICR-191* The high spon- 
taneous "mutation" rates and 1ncidence of immunoglobulin 
variants following mutagenesis arg not a general property of 
these cells since drug resistant variants arise at rates which 
are orders of magnitude lower than those reported here 
(ref 3 and unpublished data) Either genetic or epigenetic 
mechanisms could be responsible for the frequency of both 
the spontaneous and drug induced variants 

It is likely, however, that the ‘Melphalan’ variants pro- 
ducing the abnormally sized heavy chains are genetic in 
origin in that they reflect a change in chromosomal DNA 
Burther structural and genetic characterization of these 


* variants will be necessary to determine whether their high 
alkylated and analysed together on the same gels, the variant * eincidence 1s a result of one or more of the unusual aspects 


of,the genetic control of immungglobulin 

These studies were supported by funds from the US 
National Institutes of Health, thé US National Science 
Foundation, the American Cancer Society and the Veterans’ 


322 


Administration Dr J-L Preud'homme was supported by 
the French National Institutes of Health and Medical 
Research (INSERM) and a National Institutes of Health 
John E Fogarty International Fellowship We thank Mrs 
Lucille Frank and Miss Teresa Jasek for technical assistance 
JEAN-LOUIS PREUD’HOMME 
Albert Emstem College of Medicine 
JoEL BUXBAUM 
Manhattan Veterans Administiation. Hospital, 
NY Unversity School of Medicine, 
New York, New York 
MATTHEW D SCHARFF 
Albeit Einstein College of Medicine, 
1300 Moris Park Avenue, 
Broni, New York 10461 


Received July 13, 1973 


1 Coffino, P , andSchaiff,M D , Pioc natn Acad Sct U S A, 68, 
219 (1971) 

? Drake, J W, The Molecula Basis of Mutations (Holden-Day, 
San Francisco, 1970) 

3 Baumal, R , Bushtein, B K , Coffino, P, and Scharff, M D, 
Science, N Y (in the press) 

4 Hobbs, 1 R , Bi med J,2, 67 (1971) 

5 Coffino, P , Baumal, R , Laskov, R , and Schaiff, M D,J cell 
Physiol , 79, 429 (1972) 

$ Laskov, R , and Scharff, M D ,J eap Med , 131, 515 (1970) 


‘ 


Selection of Leukaemic Cell 
Populations by Freezing and Thawing 


THE co-existence of normal and abnormal cell populations 
in the peripheral blood of leukaemic patients may explain 
the variations m the reactivity to mitogens (discussed by 
Ling!) One example is the low or delayed response of 
cells from chronic lymphocytic leukaemic (CLL) patients 
to phytohaemagglutinin (PHA) ın comparison with normal 
cells The variations presumably result from a combination 
of the response of the underlying normal population to 
mitogens and the different responses (inhibition, no effect 
or stimulation) of the abnormal cells Analysis of abnormal 
cell populations and their interactions, together with the 
, Study of serum factors, 1s hindered by the heterogeneity 
of leukaemic cell suspensions We have now investigated 
the differential survival of leukaemic and normal cells from 
leukaemic blood following freezing and thawing using con- 
trolled cooling conditions Previously we established the 
cooling rate at which normal human peripheral Jympho- 
cytes are recovered optimally using dimethylsulphoxide 
(DMSO) as a protective additive?? Lymphocytes activated 
by mitogen or specific antigen before freezing required 
different cooling rates for optimal recovery We show 
here that cooling rates both faster and slower than those 
required for the recovery of normal lymphocytes permit 
the differential survival of abnormal cells from leukaemic 
blood and that this technique may clarify the study of 
serum factors 

Cell samples were obtained from three untreated acute 
myeloid Jeukaemic (AML) patients using an IBM cell 
separator, from defibrinated peripheral blood of four 
untreated CLL patients and from six normal donors Cells 
obtained by gelatine separation were cooled at different rates 
to —60° C in 05 ml aliquots contaming 2X10’ mono- 
nuclear cells in 12X35 mm polypropylene tubes (Sterilin) 
in the presence of DMSO (5% v/v) 1n Dulbecco’s medium 
and stored in liquid nitrogen As our aim was to produce 
selective killing, serum (itself cryoprotective) was *ormtted e 
from the freezing mixture and, after*thawing the samples, e 
they were rapidly diluted with Dulbecco’s medium before 
removal of the DMSO? The viability of thawed lympio- 
cytes assessed by trypan blue dye exclusion tests showed 
little correlation with their capacity to respond to mitogens 
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Fig 1 Effect of cooling 1ate on ?H-thynmudine uptake (d p m ) 
by thawed cells from a normal individual, an AML patient and 
a CLL patient on the fourth day of culture a-c, Without mito- 
gen in the presence of allogeneic AML serum (6) or non- 
leukaemic serum (O)  d-;, Changes in d p m ın the presence 
of mitogens during culture with allogeneic AML serum (6) 


in vitro? For assessment in culture, therefore, a constant 
dilution factor for cells recovered at each rate was used? 
Assuming 30% survival of cells, 02 ml microplate cultures 
contained 2 X 10° cells in Dulbecco’s medium ın the presence 
of 10% leukaemic or normal serum, with or without 
mitogen PHA (Burroughs Wellcome MR10) or pokeweed 
mitogen (PWM) (Difco)? 3H-thymidine (02 pCi, 
150 uCı mmol?) (Amersham) was added 24 h before 
collectron on the fourth day of culture and the uptake into 
the acid-precipitable fraction. of the cells was measured 
by liquid scintillation counting?’ 

Peripheral blood lymphocytes from normal individuals 
recovered from samples frozen at different cooling rates 
showed minimal incorporation of ?H-thymidine in the 
presence of autochthonous, normal allogeneic or leukaemic 
serum without mitogens (Fig 1a) Responses of these 
control cells to PHA and PWM were recovered in the 
presence of each serum after cooling the cells at 2-7° C min? 
(Fig 1d and g) 

This was in sharp contrast to the picture of recovery 
obtained with cells taken from the peripheral blood of 
AML patients Cells recovered after cooling at rates both 
faster and slower than those found to allow recovery of 
normal peripheral blood cells incorporated ?H-thymidine 
when cultured with allogeneic or autochthonous AML 
serum in the absence of mitogens (Figs 1b and 2a) In 
the presence of normal sera, however, this uptake of 
*H-thymidine was never observed (Fig 1b and c) Thus 


eirf acute myeloid leukaemia there seems to be at least two 


populations of abnormal cells, distinguishable by alteration 
of the cooling rate, which proliferate in the presence of 
AML sera but not when cultured with normal sera The 
relative propertions of each population (assessed by uptake 
of *H-thymidine) varied between individuals A clear 
distinction between populations of cells incorporating 
?H-thymidine was shown when cells frozen at 12? C 
min^ were thawed and refrozen over a range of cooling 
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Fig. 2 Effect of cooling rate on ?H-thymidine uptake (d p m ) 
by thawed cells from an AML on the fourth day of culture with 
autochthonous serum a, Without mitogen (@), b-c, changes 
im dpm due to the presence of mitogens during culture (6) 
For comparison, the response of aliquots of unfrozen cells (O) 
1s also shown Cells, thawed after cooling at 12° C minc! 
(arrow) were refrozen using a range of cooling rates and, on 
thawing, concentrated and cultured without mitogens (dashed 
ine) 


rates Most cells synthesizing DNA 1n leukaemic serum 
in the absence of mitogens were recovered at the cooling 
rate used for the first freeze, little or no activity was 
recovered at the faster rates (Fig 2a) It 1s not yet clear 
whether the serum effects that we are observing are due 
to stimulating factors present m AML sera or to an 
inhibitory or controlling action of normal sera Uptake of 
*H-thymidine in the presence of these AML sera (without 
mitogens) was also found with cells from CLL patients 
(Fig 1c) , again, the incorporation was not seen with normal 
sera 

With both leukaemias, peripheral cells cooled at the 
rate known to be optimal for the recovery of small lympho- 
cytes from normal donors showed some characteristics of 
normal cells they had low spontaneous *H-thymidine 
incorporation and were usually stimulated by both PHA 
and PWM (Figs 1 and 2) The response to these mitogens, 
and by implication the proportion of normal cells present, 
varied between patients Addition of mitogens to cultures 
of thawed cells with high spontaneous ?H-thymidine uptake 
often caused an inhibition of incorporation suggesting the* 
preferential recovery of abnormal cells (Figs le, h and 
2b, c) 

Using cells from CLL patients, PWM responses were 
also recovered after cooling at fast rates (Fig 11) These 
cells were not responsive to PHA (Fig 1f) suggesting that 
in these patients a population of abnormal B lymphocytes 
may have been recovered selectively using fast cooling 
rates In contrast, in AML, PHA-responsive cells were 
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recovered after cooling at the slower rates (Fig 2b) implying 
an abnormality of the PHA-responsive cell population 

The separation of populations of cells 1s also shown by 
the comparison between the *H-thymidimme uptake of the 
mixed (unfrozen) populations with those of the cells cooled 
at the different rates (Fig 2) 

These procedures provide a basis for the study of the 
interactions between serum factors and discrete cell popula- 
tions in leukaemia In addition, the im vitro proliferative 
patterns observed with thawed cells cooled at different 
rates may allow an additional classification of leukaemia 
and provide a system for monitoring the course of the 
disease — Discrepancies between reports‘ ^ on mixed lympho- 
cyte reactions between remission cells and stored acute- 
Stage leukaemia cells may owe something to the selective 
properties of the cooling conditions, for it 1s clear that 
storing leukaemic cells in liquid nitrogen using a single 
cooling schedule can alter the spectrum of cells recovered 

We thank Dr R Powles for providing samples of AML 
blood and Drs I Chanarin and A M Denman for their 
help and advice 
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Cholecystokinin elicits Satiety in 
Rats with Open Gastric Fistulas 


Within 10 min of starting to eat, a rat stops eating’, grooms for a 
short period, then usually sleeps We define this behavioural 
sequence as satiety its physiological basis 1s unknown 
Beaumont? presented the first evidence that the presence of 
food in the gut is important in generating satiety signals 
In 1949, Janowitz and Grossman? confirmed Pavlov’s observa- 
tion* that oesophagostomized dogs, in which no food reached 
the stomach or intestines, ate prolonged meals 

We have investigated the physiological mechanisms causing 
satiety by studying sham feeding ın rats with chronic gastric 
fistulas We report evidence that the polypeptide hormone 
cholecystokinin (CCK), which is released when food enters 
the small intestine?, may be a satiety signal in the rat 

All experiments were performed on adult male Sprague- 
Dawley rats weighing 350-450 g Rats were housed in individual 
cages and kept in an artificial 12 h light cycle They were 
maintained on a balanced liquid diet (No 116EC, General 
Biochemicals, Chagrin Falls, Ohio) diluted 1 1 with water 
Tap water was also available 

Six rats were equipped with chronic gastric fistulas under 
Equi-thesin anaesthesia (Jensen-Salsbury, Kansas City, Mis- 


e sour!) A stainless steel cannula (length 18 mm, mner diameter 
e6 mm) was sutured into the rumen of the stomach along the 


greater curvature The external end of the cannula was closed 
with a removable screw The antmals were allowed to recover 
for one week before testing was begun, dvring this week, 
solid food pellets (Purina Rat Chow) and water were provided 


Food consumed (ml per 5 min) 





60 
Time (min) 


Fig 1 Liquid diet consumed by six rats with gastric fistulas 
open or closed After 17 h of deprivation, six rats with gastric 
fistulas closed or open were offered liquid diet diluted 1 3 with 
tap water Tap water was also available throughout the test 
period — Lines represent mean intake of liquid diet when fistulas 
were closed, shaded bars represent mean intake when fistulas 
were open %, Intake when fistulas were open was significantly 
greater (P<005, matched-pair ¢ test, two-tailed} than when 
fistulas were closed 


The rats were deprived of food, but not of water, for 17 h 
‘from 1800 h to 1100 h Thirty min before food presentation 
the gastric fistulas were opened and flushed with 5 ml of 
015 M NaCl Flexible stainless steel extension tubes? were 
screwed into the gastric cannulas, they extended through a 
channel 10 mm wide which ran the length of each animal's 
cage The extension tubes could be either closed or left open 
The rats were presented with liquid diet diluted 1 3 with water 
in graduated tubes, and measurements of consumption were 
made at 5-min intervals for 2h At the end of the test period, 
the volume of fluid collected 1n pans beneath each cage was 
measured The extension tubes were removed, the gastric 
cannulas closed and the rats were given liquid diet diluted 1 1 

with tap water for the rest of the day 

The rats were tested with gastric fistulas closed for five 
consecutive days On the sixth day the fistulas were left open 
during the test period Food consumption on days 5 and 6 
was compared for each 5-min period using a matched pair 
f test, each animal serving as its own control 

The rats ate more when the fistulas were open tban when they 
were closed, and the difference was striking (Fig 1) On day 5, 
with gastric fistulas closed, the rats took an initial meal during 
the first 15 mun, then they stopped eating completely for 
20 min and appeared to sleep On day 6, with gastric fistulas 
open, the rats never became satiated, they ate nearly con- 
tinuously throughout the test period and appeared to be 
aroused constantly (Although rats never became satiated, 
there was a decrease in the rate of ingestion during the 25-85 
min interval of the test period This decrease may represent 
inhibitory signals subthreshold for satiety ) The results demon- 
strate that food in the gut is necessary to elicit satiety in the 
rat, since rats did not become satiated when the gastric 
fistulas were opened for the first time, satiety must be an 
inhibitory reflex and not a learned response under our experi- 
mental conditions 

Gut hormones, released by food entering the stomach and 
small intestines, may be satiety signals We reported recently 
that intraperitoneal injection of a partially purified preparation 
of cholecystokinin (CCK), but not of secretin, reduced feeding 
in the intact rat"? This suppression of feeding was doge- 
related for both solid and liguid foods and ıt did nôt appear 
to act by making rats sick The suppression was a property e 
of the CCK molecule in the extract, because identical doses 
of the synthetic C terminal octapeptide of CCK (which possesses 
the full biologital activity of the complete molecule?) produced 
1dentical results 
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We tested the ability of CCK and of the synthetic octapeptide 
to reduce sham feeding 1n rats with open gastric fistulas | Eight 
rats equipped with chronic gastric fistulas were placed on the 
daily deprivation schedule described above They were tested 
with gastric fistulas open After the liquid diet had been 
presented, and the animals were eating rapidly, they were 
injected intraperitoneally with 1 ml of one of the following 
treatments on different days (1) partially purified. CCK 
(10% w/w, GIH Research Unit, Karolinska Institutet, Stock- 
holm, Sweden) ın doses of 10, 17, 20, 40, 80 or 160 Ivy dog 
units kg-* dissolved in 0 15 M NaCl, (2) synthetic C-terminal 
octapeptide of CCK (SQ 19,844) 1n doses of 20, 40 or 80 Ivy 
dog units kg-* dissolved ın 0 15 M NaCl, (3) the desulphated 
synthetic C-terminal octapeptide of CCK (SQ 19,265), a pre- 
paration which has little of the activity of the sulphated 
molecule!9:!!, in a dose of 36 ug kg-!, a weight equivalent 
to 80 Ivy dog units kg-t, or (4) 015 M NaCl Each animal 
served as its own control and statistical comparisons were 
made with a matched-pair f test 

Both partially purified CCK and the synthetic C-terminal 
octapeptide of CCK suppressed sham feeding im rats with 
gastric fistulas open during the 30 min following injection 
(Fig 2) The extent of the suppression depended on dose 

The sulphate group on the tyrosyl residue ın the seventh 
position from the C terminal rs necessary for the satiety action 
of CCK, because the desulphated synthetic C-terminal octa- 
peptide of CCK had no effect on feeding (Fig 2) The lowest 
dose of CCK tested (10 umts kg-') significantly reduced 
feeding This dose 1s approximately four times that required 
to decrease consumption of liquid diet in the intact ratë This 
difference is not surprising if endogenous CCK 1s acting as a 
satiety signal, then the threshold dose of exogenous CCK re- 
quired to inhibit feeding 1n intact rats, which release endogenous 
CCK, should be less than the threshold dose of exogenous 
CCK in rats with open gastric fistulas, which probably do not 
release endogenous CCK 

When rats stopped eating after CCK and octapeptide 
injections they appeared satiated there was a short period of 
grooming followed by a marked decrease in activity and 
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Fig 2 Effects of cholecystokinin, octapeptide and desulphated 
octapeptide on consumption of liquid diet durmg 30 min 
following injection 1n rats with open gastric fistulas After 17 h 
of deprivation, rats with open gastric fistulas were offered liquid 
diet diluted 1 3 with tap water Tap water was also available 
throughout the test period Consumption of liquid diet was 
measured during the 30 min following intraperitoneal injections 
of either CCK (light columns) synthetic C-terminal octapeptide 
of CCK (dark columns) or desulphated synthetic C-terminal 
octapeptide of CCK (hatched column), each dissolved in 0 15 M 
NaCl and expressed as a percentage of the amount eaten after 
intraperitoneal injection of 0 15 M NaCl alone Mean control 
intakes for all tests ranged from 50 0 ml to 73 3 ml Statistically 
significant differences from control * P«005 f P«002 
(matched-pair £ test, two-tailed) ł n number of rats 


n 













~ Do. sign. OF physical distress. 

-We have not yet measured the plasma levels of CCK follow- 
ing a spontaneously taken meal in the rat, and until we can 
demonstrate that the amount of exogenous CCK required to 
elicit satiety is within the physiological range, we cannot state 
whether the satiety effect described is a physiological function 
of the CCK released by such a meal. Maximal pancreatic 
response to CCK has, however, been reported in anaesthetized 
rats given doses of 8-10 Ivy dog units kg~! intravenously!?, 
and maximal gastric acid output to CCK and octapeptide 
of CCK has been reported in conscious rats given doses of 
8-16 Ivy dog units kg~! intravenously'?. The lowest effect 
dose of CCK reported in the present experiments is within the 
range of these studies of gastrointestinal function, 
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Methylguanidine, a Naturally 
Occurring Compound showing 
Mutagenicity after Nitrosation 

in Gastric Juice 

Druckrey’ and Sander? suggested that N-nitroso compounds 
secondary amines or alkylureas present in ingested foods and 


, that these natural compounds may hence be significantly 
| carcinogenic in man. Sugimura et al.“ found that the muta- 









sleep. This was the same behavioural sequence 
sly observed in intact rats following a meal; there was 


* various types of frameshift mutations. The nitrosation reac- 
may be- formed intragastrically by reaction of nitrites with © etion mixture A contained a guanidine derivative to be t 








conditions* but also in human gastric juice (to be publi ) 
Therefore ‘spontaneous’ human gastric cancers may be at. 
least partly caused by MNNG-like compounds formed after. 
intragastric nitrosation of chemicals structurally related. 
MNG. We examined the mutagenicity of naturally. oc 
ring guanidines after treatment with nitrite in real an 
simulated human gastric juice and found that methylgua 
dine, a compound present in several foods, is converted to 
a potent mutagen after nitrosation in gastric juice. 


































Fig. 1 Photograph of spot tests demonstrating mutagenicity of 
nitrosated methylguanidine. Approximately 1 x 10* Salmonella” 
histidine-requiring mutants (TA1535) were plated on minimal: 
agar (30 ml in 90 mm Petri plate) with 0.1 ml of nutrient. broth; 
0.1 pmol of histidine and 0.1 pmol of biotin (Ames?), The 
reaction mixture A contained 4 ml of simulated gastric juices 
which was composed of 200 mg sodium chloride, 320 mg pepsin 
and 2.4 ml of 107; hydrochloric acid in 100 ml (Japan Pharma- 
copoeia VID; 0.2 mmol of methylguanidine hydrochloride. 
(Nakarai Chemical Co., Kyoto); and 0.22 mmo! of sodium | 
nitrite in a total volume of 5 ml. After incubation for 2 h at 
37° C, the reaction mixture was neutralised with sodium cape > 
bonate, adjusted to 6 ml with phosphate buffer (pH 7.2), sterilised” 
by Millipore (HA-type) filtration and spotted on a lawn: of... 
TA1535. The reaction mixture B was the same as A except 
that human gastric juice was used instead of simulated gastric 
juice. After incubation and neutralisation, 16 mg of Pronase-P 
(Kaken Chemical Co., Tokyo) was added to the mixture to 
make itfiltrable, After incubation for a further 30 min, reaction 
mixture B was treated as above. The plates were incubated for 
2d at 37 C. a, Reaction mixture A; b, control mixture A, 
lacking methylguanidine; c, control mixture A, lacking sodium 
nitrite; d, reaction mixture B, containing human gastric juice, 
pH I 


We investigated the following naturally occurring -guani- 
dines: methylguanidine (MG), agmatine, y-guanidinobntyli 
acid, L-arginine, a-N-acetyl-L-arginine, a-N-acetyl-B- 
hydroxy-L-arginine, canavanine, d-octopine, phosphoargi 
nine, phosphocreatine, creatine, creatinine, glycocyamine and 
taurocyamine. The bacteria used for the mutagenicity assay 
were deep rough derivatives of histidine-requiring strains of. 
Salmonella typhimurium carrying the gal-bio-uvrB deletion 
TAI535(hisG46) is used to identify mutagens causing b 
pair substitutions, and TA1536(hisC207), TA1537(hisC307 
and TAJ538(hisD3052) are used to identify mutagens cau ng 


sodium nitrite and hydrochloric acid (simulated. gasti 
juice) in a molar ratio of 1:1:1.3. The mutagenicity D 
was carried out by spotting samples from the reaction mixti 








he imal agar 1 h in advance. After incu- 
bation at 37° C for about 2 d, revertants were observed. 
As shown in Fig. la, a large number of colonies of strain 
\ ppeared after spotting with undiluted reaction mix- 
‘Ten colonies randomly picked from the plate were 
nd as sensitive to ultraviolet radiation as TA1535. 
yntrols lacking either MG (Fig. 1b) or nitrite (Fig. Ic) 
ised an average of only six or seven colonies to appear. 
eaction mixture A caused no increase in the number of 
lonies of the other strains of bacteria, TA1536, TA1537 
A1538. Therefore the colonies shown in Fig. la are 
ost certainly his* revertants of TA1535 which appear 
iuse à mutagen causing base-pair substitutions is produced 
reaction mixture. Nitrosated MG was found to be 
nic at up to sixteen-fold dilution of the original 
jon mixture. All the other guanidines tested failed to 
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Concentration of nitrosated methylguanidine (arbitrary units) 


“Fig. 2. An overnight culture of TA1535 cells in nutrient broth 
was washed once and resuspended in M9 buffer at a concentra- 
tion of 4.%.10° cells per ml. A 0.5 ml aliquot of the cell suspen- 
ion was added to an equal volume of the reaction mixture A at a 
"given concentration and incubated at 37° C for 30 min. The cells 
were washed once at 0^ C and resuspended in 5 ml of M9 buffer. 
: Revertants and survivals were scored after plating a 0.1 ml 
liquot of the cell suspension undiluted or in appropriate dilu- 
tion on minimal agar together with the same amount of nutrient 
broth; histidine and biotin as described in the legend to Fig. 1. 
` The mutation frequency is the ratio of revertants to surviving 

colonies. Concentration of nitrosated methylguanidine is one 
CU qnit when reaction mixture is diluted 256-fold. 
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The mutagenicity of MG nitrosated in human gastric 


| juice was studied by the spot test. 









ains of bacteria which had been plated ; 


ie mutagenicity of the reaction mixture A was further 
uantitatively. As shown in Fig. 2, the mutation 
increased markedly and reached a plateau with 
concentration of the reaction mixture, while the 
; 1 decreased slightly. The maximal mutation 
uency was about 2.2 x 1074, more than 1,000 times greater 

an the spontaneous mutation frequency of TA1535 cells 


Fresh samples of gastric 
juice with pH 1.2, 1.3, 1.4 and 3.4 respectively, were obtained 
from four patients with gastric ulcers and used in reaction 
mixture B.. Many revertant colonies of strain TAI535 
| appeared after spotting with. reaction mixture cohtaining e 
. human gastric juice, with pH 1.2 (Fig. 1d), 1.3 or 1.4, but not, e 
with the reaction mixture containing gastric juice of pH 
34. MG nitrosated in human: gastric juice with pH 1.2 Was 
mutagenic at uf to sixteen-fold dilution of the original reac- 
yn mixture, like MG nitrosated in simulated gastric juice. 








Our finding that t ction mixture containing gastric jui 


tive to the pH of gastric juice. 

Mirvish? has studied the nitrosation of MG kinetically, 
and found that the final product of the reaction was methyl- 
nitrosourea, but that methylnitrocyanamide was transiently 
formed during the reaction. He suggested that the in vivo 
nitrosourea, but that methylnitrosocyanamide was transiently 
of human gastric cancer, since the rate of in vitro nitrosation 
of MG to give methylnitrosourea is slow. Our previous 
studies on the powerful mutagenicity of nitrosated benzoyl- 
L-arginineamide (BAA)" and acetyl-L-argininamide (AAA) 
(unpublished) suggest, however, that it is the methylnitroso- 
cyanamide formed during the nitrosation of MG that 
is the biologically important compound, since the active 
principles of nitrosated BAA and AAA were identified 
as 4-benzoylamido-4-carboxamido-n(N-nitroso)-butylcyan- 
amide and 4-acetylamido-4-carboxamido-n(N-nitroso)-butyl- 
cyanamide. 

MG is structurally quite similar to MNG, and is found 
in fresh beef", ray, cod", sardines”, and especially in 
sharks", at quite high concentrations (1.900 mg kg"! fresh 
weight). It therefore seems possible that the nitrosated MG 
is one of the causes of “spontaneous” human gastric cancers, 
We are now investigating the identity of the mutagenic 
principle produced in the nitrosation of MG, and administer- 
ing MG and nitrite orally to animals in order to determine 
whether gastric cancers arise. 

This work was supported by a Grant-in-Aid for Scientific 
Research from the Ministry of Education of Japan. We 
thank Messrs K. Aoki and N. Kinoshita for photography, 
and Dr B. N. Ames for his gift of bacteria. 
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Intestinal Calcium Binding Protein 
in the Diabetic Rat 


A SPECIFIC duodenal calcium binding protein (CaBP) has 
been implicated in calcium absorption in many animal 
species! and adaptation of duodenal adsorption to increased 
calcium intake is accompanied by its increase. Vitamin D 
deficiency depletes and repletion restores CaBP with corre- 
sponding changes in duodenal absorption. The exact role 
of CaBP in calcium absorption has, however, not yet 
been defined. We studied calcium absorption in the diabetic 
rat, in which model system previous studies have shown 
enhanced carbohydrate and amino acid absorption®*, and 
found decreased duodenal but normal ileal absorption'. 
Since CaBP may be important in duodenal calcium 
absorption, we report here studies of CaBP in rats made 
diabetic with alloxan. 





Table 1 Duodenal Calcium Binding Protefn in Control and Diabetic 





Rats 
Groups, n=5 C D 
Mucosa, total wet weight (g) 3.6 4.2 
Homogenate, total protein (mg) 293 340 
CaBP specific activity * 
Homogenate 1.2 0.6 
*Bio-Gel' P-100 t 18.1 1.2 
*Bio-Gel' P-10, first 40.8 2.9 
‘Bio-Gel’ P-10, second 59.0 3.7 





Male albino rats weighing 180 to 200 g were divided into weight- 
matched groups. Controls (C) were injected intraperitoneally with 
0.5 ml of distilled water; rats to be made diabetic (D) received 210 
mg kg-t of a freshly prepared solution of alloxan in distilled water 
(100 mg ml-t). On the fifth day after injection, groups of five 
control and five diabetic rats were anaesthetized with intraperitoneal 
*Dial' with urethane and the 10 cm of small intestine just distal to 
the pylorus (duodenum) removed. After blotting and rinsing the 
lumen with cold 0.12 M sodium chloride, the segment was opened 
longitudinally, the mucosa scraped from the underlying tissue and 
pooled for each group, weighed and homogenized with an equal 
volume of 80 mM Tris buffer?. The homogenate was centrifuged at 
40,000¢ for 20 min, the sediment resuspended, and the extraction 
procedure repeated twice The three extracts were combined and 
analysed for total protein? and CaBP activity*. CaBP activity was 
monitored by the *Chelex' assay, which measures the competition for 
added radiocalcium between soluble CaBP in the supernatant and 
*Chelex' (Bio-Rad Laboratory, Richmond, California), an insoluble 
calcium chelating resin easily separated from solution by centri- 
fugation. Calcium binding activity is expressed as % **Ca retained 
in the supernatant fluid per mg protein and, therefore, tightly bound 
to soluble protein. A 13 ml sample of the crude supernatant fluid 
was applied to a *Bio-gel' P-100 chromatographic column (2.5 x 120 
cm) and eluted with Tris buffer by ascending flow at a rate of 0.5 ml 
min-'. Fractions were collected in 5 ml aliquots. Protein concen- 
tration of each fraction was measured by absorbance at 280 nm 
(recovery 80 to 100%) and CaBP activity was determined as above. 
Fractions containing CaBP activity (75 ml) were combined and 
fractionated on a 'Bio-gel' P-10 column and protein and CaBP 
activity determined. 

Duplicate experiments gave the same relative data. 

* Specific activity is % **Ca in supernatant mg-' per ml protein. 

t Specific activities of all gel filtration studies are from the fraction 
showing peak activity. 


Although duodenal mucosal wet weight and total protein 
were slightly greater in the diabetics, CaBP activity was 
markedly decreased (Table 1). Fractionation of the control 
duodenal extracts using 'Bio-gel' P-100 revealed a sharp 
peak of CaBP activity (18.1) at approximately 2.7 void 
volumes. The elution pattern of both CaBP activity and 
protein was similar to that found previously in the normal 
duodenum using ‘Sephadex’ G-100°. Fractionation of the 
duodenal extracts from diabetic rats showed no peak of 
CaBP activity (1.2). Chromatography on ‘Bio-gel’ P-10 
of the *Bio-gel' P-100 fractions from controls and diabetics 
revealed protein peaks at the same sites in both groups. 
The controls continued to exhibit high CaBP activity (40.8) 
but the diabetics again showed no peak of activity (2.9). 


Fig. 1 'Bio-gel' P-10 fractions (Table 1, first) containing peak 
CaBP activity from controls and diabetics were concentrated on 
*Diaflo' UM-2 membranes (Amicon Corporation, Lexington) 
and subjected to acrylamide gel electrophoresis in two systems, 
one a discontinuous basic system (a) using 7.5% acrylamide 
gels at pH 8.9 (ref. 9) and the other a continuous acid 
system (b) using 15% acrylamide gels at pH 3.2 (ref. 10). 
In the basic system, the control preparation exhibited a 
prominent slow moving band (arrow), shown to be CaBP 
by 'Chelex' assay, which was markedly reduced in the 
preparation from the diabetics. The prominent CaBP band in 
controls (arrow), again as determined by ‘Chelex’ assay of the 
gels, was the second most rapidly migrating band in the acid gel 
system. As in the basic system, the CaBP band was virtually 
absent in the preparation from the diabetics. All other protein 
zones from both gel systems were assayed by the *Chelex' method 
and failed to show calcium binding activity. 


Repeated 'Bio-gel' P-10 chromatography of fractions from 
controls and diabetics again demonstrated no CaBP activity 
in the diabetics (controls, 59.0; diabetics, 3.7), although 
the protein elution peaks continued to be present at the 
same sites in both groups. Chromatography enhanced 
CaBP specific activity forty-nine-fold in controls and six- 
fold in diabetics (Table 1). The initial specific activity in 
the diabetics was half that of controls, while final specific 
activity in the controls was sixteen times that in the diabetics. 
We demonstrated previously that duodenal calcium 
absorption in the diabetic rat was less than half that in 
controls. Here we demonstrate that CaBP was markedly 
reduced in the diabetic rat. Therefore, we have shown 
that a direct correlation between duodenal calcium 
absorption and CaBP activity exists in the rat in a model 
system completely independent of those usually used for 
modifying calcium transport such as low calcium diet and 
vitamin D depletion and repletion’. Streptozotocin diabetes 
also produces decreased CaBP.  Alloxan treated rats that 
do not develop diabetes have the same CaBP content as 
matched controls. Therefore, depression of CaBP in the 
alloxan diabetic rat seems to be the consequence of 
,ditbetes,, rather than alloxan toxicity. In addition, effects 
in this system are rapid, requiring only 5 d to deplete the 
* nimal of calcium binding protein, in contrast to vitamin D 
depletion which requires 4 to 8 weeks. The diabetic rat 
also shows increased duodenal mucosal growth in spite of 
depression of calcium transport activity. This is in &ontrast 
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he vitamin D deficient animal, where mucosal growth > 
~pressed’. Thus, the diabetic rat provides a new model 
ystem for examining the role of CaBP in duodenal calcium 
insport and studying control mechanisms for intestinal 
ansport, as the intestine of the diabetic rat shows both 
increased and decreased transport activity for carbohydrates 
and calcium, respectively. As a calcium binding protein 
has been isolated from human duodenum’, it is possible 
that a defect similar to that in the rat develops in poorly 
controlled patients with diabetes. 
We thank Drs Roger Chalkley (Biochemistry) and 
Douglas Easton (Zoology), University of Iowa, for advice, 
and Dr Louis Avioli, Washington University School of 
Medicine, St Louis, Missouri, for assistance in the develop- 
ment. of chromatographic procedures. This work was 
supported in part by grants from the National Institutes of 
Health. 
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Effect of Testosterone on Sperm 
Maturation in vitro 
IPERMATOZOA mature while passing through the epididymis. In 
rabbit, fertilizing ability is acquired when spermatozoa pass 
‘through the corpus epididymidis**. Spermatozoa retained by 
igatures in the proximal corpus develop a normal fertilizing 
bility in 24 h in intact males*-‘, but not in castrated males? or 
hen the proximal corpus is maintained for 24 h in vitro in 
organ culture*. Spermatozoa from a ligated proximal corpus of 
castrated male become fertile only when exogenous testos- 
rone is given’. This indicates that rabbit sperm maturation 
is testosterone dependent. A technique for maintaining viable 
spermatozoa in epididymal segments in organ culture in vitro 
has been described*. Here we report the effect on the fertilizing 
ability of spermatozoa from the rabbit proximal corpus of 
adding testosterone to the culture medium. 
The fertilizing ability of the spermatozoa from the control 
oximal corpus, the control distal corpus and the distal corpus 
maintained in vitro was determined in each male to ensure that, 
(1) the male was fertile; (2) the spermatozoa from the proximal 
corpus were. not already fertile (this occurs in approximatel$ 
1375 of the males*; and (3) the conditions of the organ culture 
were sufficient 4o maintain the fertilizing ability of spermatozoa 
from the distal corpus. Of the sixty-nine males used, four had 









infertile spermato all epididymal segments, ad 
spermatozoa already fertile in the proximal corpus prior to the. 












organ culture im vitro, seven had infertile spermatozoa in the 


- control distal corpus although those more distal were fertile, - 


eighteen had no fertile spermatozoa in the distal corpus at the — 
end of the culture period, although spermatozoa from the 
control distal corpus had a normal fertilizing ability. Results 
are given for all the fertile males (fifty-four) in which sperma- 
tozoa from the control contralateral proximal corpus were 
infertile (group 1) and for the twenty-nine of these in which the 
fertilizing ability of the spermatozoa from the distal corpus 
was optimally maintained during the culture (group 2). When 
the proximal corpus epididymidis of the males of group 1 was 





Table 1 Fertilizing Ability of Rabbit Spermatozoa* from the Corpus 
Epididymidis Maintained in Organ Culture for 24 h 


Mean fertilization percentage +: sdt 


. Eagle's Eagle's 
medium 4- medium- 
Eagle's testosterone testosterone 
medium — (0.5ugml-?) (50 pg ml?) 
Proximal ^ Control Ot 0 0 
corpus (0)§ (0) (0) 
in vitro 0 13+ 5 1+ § 
(0) (20+ 10) (18+ 9) 
Distal | Control 61+10 35+ 6 45+ 7 
corpus (72+ 9) (46+ 9) (55+ 7) 
in vitro 55+11 33+ 7 37+. 9 
(75+ 8) (54-412) (55412) 








* Number of sperm inseminated: 1.2 3-0.04 x 10°. 
+ Fertilization 27: number ova fertilized/number ova recovered. 


+ Results calculated from all fertile males with infertile spermatozoa 
in the proximal corpus (fifty-four males). 


§ Results calculated from all males with infertile spermatozoa in the 
proximal corpus and fertile spermatozoa in the distal corpus before 
and after culture in vitro (twenty-nine males). 


il Distal corpus cultured in Eagle's minimal medium without 
testosterone, 


One testis was reached by means of an abdominal incision in the 
anaesthetized animal. The connective tissue and fat were peeled 
from the epididymis. The proximal *and distal corpus were 
removed and each placed in 1 ml of a solution of 0.5% clostridium 
peptidase for 30 to 60 min at 31° C. After twice rinsing, 
the epididymal tubule was gently unravelled and placed un- 
broken on an agar strip. Trowell’s’ organ culture technique as 
modified by Steinberger’ was used. Eagle's? minimal medium with 
15% foetal calf serum and 100 IU penicillin-streptomycin mixture 
was used. The gas phase was air containing 5° CO,, and the cultures 
were incubated at 31? C and at a pH of 7.00.02. A 2 mm segment 
from the epididymis just distal to the distal corpus was also treated 
in an identical manner. After 24 h the epididymal tubules in organ 
culture were removed, cut up in 1 ml Hank's solution and the debris 
removed. The three sperm suspensions were injected through both 
uterine horns in one or two does, The does were injected with an 
ovulatory dose of 50 IU of human chorionic gonadotrophin (HCG) 
at the time of insemination and killed 26 h afterwards. The oviducts 
were flushed and the recovered eggs examined for the presence of 
pronuclei or of cleavage, taken as evidence of fertilization. Nuclear 
details were clarified with acetocarmine staining after fixation in 1:3 
acetic alcohol**. The donor male was then killed; the contralateral 
testis and epididymis were removed and the proximal and distal 
corpus were separated, cut up in 0.5 ml Hank’s solution and the 
debris discarded. Sperm suspensions were prepared and similarly 
inseminated into one or two does. Seventy-nine males and 510 
females were used, and 3,676 ova were examined. Eagle’s minimal 
medium was used in thirteen experiments. In thirty-three experiments 
0.5 ug ml-* of testosterone (Sigma) dissolved in absolute ethanol was 
added to the culture medium used for the proximal corpus. In twenty- 
three experiments 50 ug ml~' of testosterone was added to the med- 
ium used to culture the proximal corpus. In forty-three experiments 
50 ug ml~! of absolute alcohol was added to the Eagle’s medium used 
to culture the epididymal segment distal to'the corpus. In ten experi- 
ments the fertilizing ability of spermatozoa from the right or the left 
proximal corpus was determined and found to be comparable: in two 
males where spermatozoa from the right proximal corpus fertilized _ 
68 % of thirty-five ova, those from the left proximal corpus fertilized. 


81% of thirty-two ova, In eight experiments spermatozoa from the = - 


left side fertilized none cf 116 ova, those from the right side fertilized 
three of ninety-six ova. In the latter case the three fertilized ova came 


from three different females. $ s 










, eleven had o 











VOL 
placed in Eagle’s medium, these spermatozoa fertilized 0/38 
và when recovered 24 h later. When 0.5 ug ml-' or 50pg mi~ 
Of testosterone was added to the culture medium, spermatozoa 
fertilized respectively 48/248 and 20/158 of the ova. Of the males 
-of group 2 only, with Eagle's minimal medium alone, sperma- 
tozoa from the proximal corpus fertilized none of the twenty- 
eight ova but when 0.5 ug ml-! or 50 ug ml-t of testosterone was 
added to the medium, respectively, 39/110 and 20/85 ova were 
fertilized. In Table 1 results are expressed as the mean of 
fertilization percentages obtained for each individual male. In 
the sixty-four experiments where the fertilizing ability of the 
spermatozoa from the distal corpus was tested before and 
after the culture, the mean fertilization percentages were not 
significantly different (49 -4 control, 40-49 in vitro). In the 
forty-three experiments comparing the fertilizing ability of the 
distal corpus spermatozoa after culture with Eagle's medium 
alone or to which the volume of ethanol used to dissolve 
testosterone was added, the fertilization percentages were not 
Statistically different (41-48 in vitro, 30e-6 in vitro -Fethanol). 
It seems that in our conditions the tissues remain sufficiently 
viable to maintain the fertilizing ability of spermatozoa already 
fertile: 709%% of 114 experiments yielded positive results. Under 
the same conditions, addition of testosterone to the proximal 
corpus permitted the maturation of the contained spermatozoa 
in only 37% of thirty-eight experiments. Addition of testo- 
. sterone to the medium (0.5 ng or 50 ug mi~?) significantly 
increases the fertilizing ability of spermatozoa from the 
proximal corpus cultured im vitro. without testosterone. This 
fertilization percentage, however, is significantly lower (0.5 <P 
<0.02) than the one obtained after insemination of sperma- 
tozoa from the distal corpus maintained in vitro. This indicates 
our jn vitro system is only partially successful in promoting 
sperm maturation, and we are investigating other factors 
affecting sperm maturation in vitro. 
This work was supported by the US National Institutes of 
Health, the Population Council and the Ford Foundation. 
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Blood Group A Antigens on 
Human Trophoblast Cells 


THERE. is still no adequafe explanation for the fact that the 


... placenta, which is foetal in origin and therefore allogeneic 


in the mother, is not rejected during pregnancy. A question 
. ef fundamental importance is whether human trophoblast 
ee) sess HL-A or ABO antigens. Evidence so far is 






experiment was repeated with the immune anti-A’ se 





































conflicting" We present evidence which suggests tha 
group A antigens may be present on human trophobl 
cells, but at low surface density, : DURO AE 
Foetuses 12-13 weeks old and placentae were obtained 
from therapeutic abortion cases. Their blood groups we 
ascertained by grouping the foetal heart blood and the 
group A specimens were used for the experiments. Villi were - 
dissected off the placentae, minced with a scalpel, and. 
trypsinized in a 0.1% solution of trypsin (Difco-Bacto) using 
a magnetic stirrer. Foetal and adult skin were similari 
treated. The first supernatant containing blood and deb 
was discarded but subsequent lots containing skin: and 
trophoblast cells were retained, washed thrice, and resuspe 
ded in phosphate-buffered saline (PBS). ds 
In the mixed agglutination experiment, the method de 
cribed by Coombs et al? was used. The cell suspension w 
incubated with a heat-inactivated immune anti-A. serum . 
(143490) for 1 h at room temperature. The cells were 
washed twice and resuspended in 0.2% bovine serum albumin 
(BSA). One drop of the suspension was transferred to e 
of two precipitin tubes and one drop of a 0.5 % Suspensio: 
group A or group O human red cells was added. A 
mixing and centrifugation for 2 min at 1,500 r.p.m,; th 
suspension was examined by phase contrast microscopy: for: 
specific linking of red cells to trophoblast and. skin cells; Ta 
addition, some trophoblast cells were incubated Wi 
neuraminidase (Koch-Light) for 30 min at 37° Cina concen- 
tration of 100 IU of neuraminidase per 10° cells before: thi 
mixed agglutination experiment. S 








Table 1 Mixed Erythrocyte-Cell Agglutination 





Cells treated with anti 
A serum, washed; and- 
added to red cell:sus 

pensions of group: 

Cells O 

Adult skin (ASI) 

Foetal skin (842) 

Foetal skin (S43) 

Trophoblast (T30) 

Trophoblast (T36) — ~- 

Trophoblast (T37 . ~ —- 

Trophoblast (T42) — — 

Trophoblast (T43) - - 


Trophoblast (T42) 
treated with neuraminidase — -— 


Trophoblast (T43) 
treated with neuraminidase — _ 


—————————Á 
In the mixed antiglobulin experiment, the method deseribed 
by Sell et al was used. Indicator cells were prepared byo 
treating a 2% suspension of group A red cells with a none 
agglutinating dose of immune anti-A serum diluted 1 in 40 
After incubation for 1 h at room temperature, the red cell: 
were washed twice and resuspended as a 0.5% solution. in 
0.2% BSA. Two drops of trophoblast cell suspension were 
incubated with two drops of immune anti-A serum (143490) 
for 1 h at room temperature, washed twice and resuspended 
in 0.2% BSA. These cells were then treated with an equal. 
volume of a rabbit anti-human globulin (RY6) diluted 1 dn 
20, left for 30 min, washed twice and resuspended in 0.2% 
BSA. Two drops of sensitized indicator red cells were then 
added, centrifuged for 2 min at 1,500 r.p.m. and resuspended 
gently with a pipette. The mixture was mounted on siliconed : 
elifies and examined using a phase contrast microscope. The 





after it has been absorbed with human group A red cells. 
Por. transmission electron microscopy, trophoblast 

skin cell suspensions were incubated: with immu 

sérum (143490) for 30. min at.room temperature. 
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Fig. 1 a, Blood group 


A foetal skin cell treated with immune 
anti-A serum and ferritin-labelled anti-human IgG showing 


labelling over greater part of cell membrane. b, Blood group A 

adult skin cell similarly treated. c, Blood group A trophoblast 

cell treated with immune anti-A serum and ferritin-labelled 
anti-human IgG showing only discrete areas of labelling. 


washing twice, the cells were incubated with ferritin-labelled 
sheep anti-human IgG (Wellcome) diluted 1 in 5 for 30 min 
at room temperature and then fixed in 2% osmium tetroxide 
containing 50% Michaelis buffer at pH 7.5. The cells were 
then washed with the buffer and with distilled water and 
embedded in 1 ml of 2% agar previously heated to 45° C. 
The agar block containing the cells was cut to the required 
size, dehydrated in alcohol and propylene oxide and 
embedded in ‘Araldite’. 

Adult (one sample) and foetal (two samples) skin cells 
showed positive mixed agglutination with group A red cells, 
but seven samples of trophoblast cells including two treated 
with neuraminidase were negative (Table 1). 

In the experiment with antiglobulin, trophoblast cells 
reacted with unabsorbed anti-A serum, antiglobulin and 
group A red cells, but the reaction became negative when 
the anti-A serum was absorbed with group A red cells. 

The electron micrographs showed ferritin labelling over 
the greater part of the cell membrane in foetal skin and 
adult skin cells (Fig. 1a and b) but, in contrast, only discrete, 
widely separated clumps were seen on trophoblast cells 
(Fig. Ic). The anti-A serum used has been tested against 
a panel of lymphocytes and no HL-A antibodies were demon- 
strable. Furthermore, the trophoblast and foetal skin cells 
were from the same conceptus so they would be expected 
to possess similar antigens. Controls in which the ferritjn- 
labelled anti-human IgG was incubated with the celfs withoute 
prior sensitization with anti-A serum*were all negative. — «e 

It is unlikely that our results are due to masking of 
antigens on trophoblast cefls by sialomucin as is sometimes 
suggested”? Because -prior treatment of the cells by 


neuraminidase made no detectable difference. A possible 
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interpretation of our results is that antigens on the tropho- 
blast cell membrane are either less accessible or so sparse 
that insufficient antibody was taken up to form stable bridges 
directly with the indicator cells’ until another link was intro- 
duced in the form of an antiglobulin. 

Our electron micrographs of immuno-ferritin-labelled 
sections offered additional evidence that blood group A 
antigens may be less dense on trophoblast cells. 

The phenomenon of immunological enhancement has been 
cited as a possible mechanism by which the allogeneic 
placenta avoids maternal rejection”. Antigenic density of 
the target cells may be an important factor because fixation 
of antibody on to surface antigens which are sparsely 
distributed may lead to an enhancing effect". 

We thank Professor R. R. A. Coombs and Dr David 
Franks for the sera, Dr Valerie Joysey for testing the sera 
for HL-A antibodies, and the Cancer Research Campaign 
for support. 
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Prolactin Secretion is Specifically 
Inhibited by Nickel 

PROLACTIN (PRL) secretion from the mammalian anterior 
pituitary gland is apparently chiefly under hypothalamic 
tonic inhibition in contrast to the primarily stimulatory 
influence of the brain on the other trophic hormones’. 
Extracts of mammalian hypothalamus inhibit the release 
of PRL in vitro and in vivo’. We report here that PRL- 
inhibiting-factor (PIF) activity in certain fractions derived 
from acetic acid extracts of bovine hypothalamus was 
due to nickel ion (Ni**) in the extracts. Commercial nickel 
salts and purified PIF from bovine brain specifically inhibit 
release of PRL in vivo in the rat and in vitro from bovine 
pituitary, (a) in basal conditions, (b) in the presence of 
copper ion which markedly enhances release of all trophic 
hormones, and (c) following brief exposure of the pituitary 
tissue to cold, another effective, non-specific stimulant of 
hormone release. . 

During the purification of PIF, attempts were made to 
elucidate the nature of the active substance. Hydrolysis 
of purified material of certain chromatographic fractions 
with HCI or digestion with sulphuric acid failed to abolish 
the inhibitory action on PRL release in vitro. This 
suggested that an organic component in those fractions 
was not necessary for the PIF activity. * Analysis of metal 
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Acetylcholine: 

An Approach to the Molecular Mechanism of Action 

M J Michelson and E V Zeimal 

The Sechenov Institute of Evolutionary Physiology and Biochemistry, Leningrad 


This monograph fs a detailed account of the cholinergic nerve synapse, Its 
structure and mechanisms of action, and the ways in which various 
pharmacological agents can affect its function A special feature ts the wide 
use of modern concepts of electronic structure and confirmation of 
molecules in relation to their biological activity Acety/choline An 

Approach to the Molecular Mechanism of Action ıs an authoritative 
discussion of the present status of research into the molecular pharmacology 
of the cholinergic nerve synapse 


252 pages 195 illustrations £8.50 hard cover November 1973 


Anticonvulsant Drugs 


Edited by J Mercier 

Department of Pharmacology, Faculty of Pharmacy, Marseille 

This book covers the physiopathological aspects of epileptic diseases, the 
standard and specialized methods for reproducing these diseases in 
experimental animals, and the subsequent assessment of the anticonvulsant 
properties of drugs 


Volume 1 (398 pages, 119 illustrations) was published in April 1973 
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Volume 2 (296 pages, 36 illustrations) completes the title and will 
be published in November 1973 at £6.00. 
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Experimental 
Embryology of the 
Echinoderms 

Sven Horstadius 





Since the work of Boveri, Driesch, and Herbst towards 
the end of the last century, sea urchin eggs and Jarvae 
have been one of the most important materials for 
investigations 1n embryology, developmental physiology, 
genetics, biochemistry, and molecular biology 

Professor Horstadius, who 1s well known for his own 
classical experiments on isolation and transplantation, 
here surveys the work done so far in order to open up for 
students the fascinating world of the biology of 
development and to give physiologists and 

biochemists a proper morphogenetic knowledge of their 
material 86 text figures £5 





Introduction to 
Anisotropic Elasticity 
Theory of Dislocations 

J. W. Steeds 


Although isotropic elasticity 1s generally used to describe 
the properties of dislocations, it averages out the 
essential characteristics of real crystals This book 
demonstrates that the mathematical complexities of the 
anisotropic theory may be overcome by the use of simple 
principles such as Newton’s Third Law and crystal 
symmetry Analytic expressions are given for infinite 

. straight dislocations which replace the isotropic results 
and these are supported by comprehensive tabulations of 
parameters for metals, alloys, intermetallics, 
semiconductors, and ceramics 96 text figures 

8 plates £835 Monographs on the Physics and 
Chemisti y of Materials 








Particle- interaction EDITORS: Professor H E. Hinton, F.R s, 

m Department of Zoology, University of Bristol, 
Physics at 5 Bristol, England BS8 1UG, and Professor G. A. 
H igh Energ Ies Kerkut, Department of Biochemistry, University of 


Southampton, Southampton, England, SO9 5NH 


S. J. Lindenbaum 





This journal has been designed to publish original 
This book gives an account of pion physics and the research 1n insect biochemistry as quickly and 


physics of strange particles and then develops the 
classifications and theories of elementary particles Form 
factors and weak interactions follow, and the high- 


efficiently as possible. It will thus provide the 
modern. biochemist with a full and critical account 


energy behaviour of total cross-sections and elastic of the most important developments m the field 
scattering conclude the book The umportant aspects of today. Original work on the biochemistry of other 
the field are treated 1n historical perspective to give an groups of arthropods will also be published. 
overall view as well as a knowledge of its present state 

115 text figures £13 50 Internatıonal Series of Published quarterly £15 00 per annum, post free. 
Monographs on Physics ° . 





SCIENTECHNICA (Publishers) Ltd 
42-44 TRIANGLE WEST, BRISTOL BS8 1EX. 





Oxford 








NATURE VOL 245 OCTOBER 12 1973 













UNE 
SIINAI: 




























10 500 
25 
Pn 240 f 
166 120 
z 60 
WU, 30 
25 
—6 —5 4 —3 2 —6 —5 —4 —3 —2 
log Ni2* 


Fig J Dose-response cui ve of nickel 10n on hormone release in 
vito Bovine pituitary glands from animals of unspecified 
age and sex were obtained at a slaughterhouse 30 to 60 min 
after death They were maintained at 25? C at all times before 
incubationat 37^ C. For each experiment, ten to fifteen anterior 
lobes were sliced with a razor blade and diced into 1 mm cubes 
with a mechanical chopper Homogeneous 300 mg portions of 
the diced tissue were added to 25 ml Erlenmeyer flasks containing 
5 ml Krebs-Ringer-bicarbonate (with 200 mg 7 glucose), pH 7 4, 
and incubations carried out in a Dubnoff shaker at 37? C under 
95% Ox 59; CO, The tissue portions were individually 
preincubated for 1 h with the medium renewed every 20 min 
'The preincubation medium was discarded, 5 ml fresh medium 
added, test substances added in 0 1 ml of buffer, and flasks were 
incubated for 2 h Each experiment consisted of up to twelve 
treatments (several test substances at various concentrations and 
a control) each triplicated The different treatments were 
assigned to the flasks in a randomized block pattern, each 
block consisting of twelve tissue aliquots which were weighed 
and added to the flasks consecutively over a short interval of 
tme The incubation medium was decanted, centrifuged to 
remove particulate material, and frozen The medium was 
assayed for the bovine hormones by radioimmunoassay The 
solid phase procedure? was used for PRL, growth hormone 
(GH), thyroid stimulating hormone (TSH), luteintzing hormone 
(LH) and follicle stimulating hormone (FSH) and the charcoal- 
dextran method for adrenocorticottophic hormone? (ACTH) 
The values for hormone levels in the media were log-transformed 
to eliminate variance heterogeneity Subsequent statistical 
treatment consisted of a randomized block analysis of variance, 
which incorporated Tukey's test for non-additivity as an outher 
screen* The treatment means were compared with the control 
by Duncan’s new miultiple-range test^ We have previously 
described details of the « vitro incubation system and of 
statistical and technical aspects of the radioimmunoassays>~7 
Each point represents three flasks, all five hormones being 
determined in the medium from each flask Mean and se are 
shown a, TSH, b, LH, c, FSH, d, ACTH, e, GH, f, PRL 


content by atomic absorption showed that nickel was a 
prominent component of the active fractions Certain * 
fractions which enhanced release of hormones in general 
were found to be rich in copper fractions containing high 
concentrations of both copper and nickel promoted release of 
all hormones except PRL the release of which was inhibited 
Acid hydrolysis of certain of these PIF-containing fractions 
results ın enhanced inhibition of PRL release with con- 
comitant enhancement of release of the other hormones 
Acid hydrolysis apparently destroys peptides which chelate 
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metal 10ns, for example, copper and nickel, and which 
ordinarily prevent these metals from exerting their respec- 
tive releasing or inhibiting actions in. vitro (Details of 
this work will be given elsewhere ) 

Commercial nickel chloride specifically inhibited the basal 
release of PRL im vitro (Fig 1) As the concentration of 
the metal was increased, PRL release was almost completely 
inhibited Release of the other hormones was affected 
only at higher levels of nickel, where, in contrast to that 
of PRL, it was enhanced Control experiments showed 


that nickel does not interfere with the radioimmunoassay 
for PRL 
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Fig 2 Effect of nickel ion on the enhancement by copper ton of 

hormone release =], Control, SX, copper, 1 pg ml-!, 6€, 

copper, I ug ml-! plus Ni?*, 5 ug ml-! Mean and se are 

shown a, TSH, b, LH, c, ACTH, d, GH, e,PRL * Signi- 
ficantly different fiom Cu?* alone (P «0 01) 





Cupric 10n has been found to enhance release of all 
pituitary hormones im vitro’, as shown in Fig 2 Nickel 
in a concentration of 5 ug ml~ inhibited the copper-induced 
release of PRL by 65% No significant effects of nickel 
were observed on the copper-induced release of the other 
hormones 

We have previously observed that brief exposure of 
bovine anterior pituitary tissue to a temperature of 0? C 
results, on subsequent incubation at 37* C, in marked 
enhancement in release of all hormones? Addition of 
nickel to the 1ncubation medium just before cold exposure 
specifically blocks the enhanced release of PRL (Fig 3) 

In our im vitio system nickel 10n specifically depresses 
the m vitro release of PRL, either ın basal conditions or 
1n circumstances in which release of all trophic hormones 
is markedly augmented The cytoplasmic membrane of 
the lactotrope possesses unusual properties, with respect to 
responses in vitio to high concentrations of potassium", 
to cold", and hypothalamic extracts! The unique response 
to nickel of the lactotrope, compared with other pituitary 
cells, further suggests the presence of an unusual cell 
membrane 

In the urethane-anaesthetized, chlorpromazine-treated 
rat, intravenous infusion of 100 wg of Ni (as nickel 
chloride) results in a 40% decrease in serum PRL at 30 min 
with no significant change in levels of GH and TSH 

e(fable f The larger dose of 200 ug Nèt (Table 1) pro- 


e 4notes a comparable specific reduction in circulating PRL, 


ut, 1n contrast to the smaller dose, maintains a significant 
inlibiton even after 60 min * The exact site of action 
of Ni*^ on PRL secretion im vivo. cannot ebe ascertained 
in our present study Our zn. vivo results, however, are 
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Table 1 Effect of Nickel Chloride, Purified PIF, and Hypothalamic Extract on Hormone Blood Levels in the Anaesthetized, Chlorpromazine- 


Treated Rat* 


PRL 
30 min 60 min 

Saline 244 7 52115 
CPZ i—pietteated 

Saline 113+ 8 175x18 

Ni? (100 pg) 72+ 61 134 22$ 

Ni?! (200 pg) 66+ 62 674191 

PIF; 354113 

Hypothalamic extiact$ 68+ 9i 


Adult male Sprague-Dawley rats weighing 270-320 g were used foi the in vivo studies 





GH TSH 
30 min 60 min 30 min 60 min 
2144 3349 3142 29 +3 
44+8 1747 3242 2642 
41+8 22+5 3242 2142 
37-6 246 3343 32-2 
3348 3143 
3843 3843 


Gioups of rats were anaesthetized with urethane 


(150 mg pei 100 g body weight, intraperitoneally (1 p ), 30 min later, chlorpromazine (10 mg kg~?, 1 p ) in saline was injected, and afte: 60 min 


the test solutions were infused (1 v 


were used foi estimation of iat PRL and GH, and foi bovine 
bovine TSH standaid preparation of Pierce (20 IU mg ') 
Means and se are shown 
five pei group 
* Values are in ng ml! 
i Chlorpromazine hydrochloride 
t Signficantly different from CPZ+saline, P<0 01 
$ Significantly different fiom CPZ+saline, P<0 05 
|| The injected aliquot contained <0 3 ug N1? * 


4] Infected aliquot equivalent to five 1at hypothalamic fiagments and contained <0 25 ug nickel 


HE-RP-1) 


compatible with a direct, specific inhibitory action of Ni’+ 
on the PRL cell, as demonstrated im vitro 

We have, thus far, been unable to produce a significant 
decrease 1n blood PRL with nickel in rats that were not 
pretreated with chlorpromazine The elevated blood levels 
of PRL produced by the drug are consistently depressed 
by the metal Perhaps in the untreated rat the PRL cell 
1s already under maximum inhibition by the hypothalamic 
inhibitory hormone 

Nickel 10n cannot account for all of the PIF activity 
of extracts of hypothalamic tissue For example, purified 
preparations of PIF, m contrast to nickel, can inhibit the 
release of growth hormone, as well as that of PRL, in vitro”. 
Nickel consistently stimulates release of growth hormone 
in vitio, but only at relatively high concentrations (Fig 2) 
Also, in hypothalamic fractions or extract showing specific 
PIF activity, the concentration of nickel was too low to 
account for the observed inhibitory action (see Table 1) 

Nickel, like other divalent cations, 1s to a large degree 
associated with other components isolated from brain tissue 
These other substances apparently include amino acids and 
peptides Because none of our PIF fractions has been 
found to be completely , free of nickel, we suggest the 
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Fig. 3 Effect of nickel 10n on the enlancement of hormone ee 

release by a 5 min exposure of the incubation flasks to 0° C 

LJ, Control, $, cold exposure, ' , cold exposure in tlfe 

presence of Nj?* Q0 ug ml) a TSH, b, LH, c, ACTH, 

d, GH; e, PRL * Significantly different from cold without 
Ni*+ (P<0 01) 


) Thirty and 60 min after injection of the test substance, 
and stored at —20° C until assayed Serum hormones were dete: mined by solid phase radioimmunoassay , 
TSH, an assay similar to that reported by Reichlin er al s 
We aie as yet unable to assay LH, FSH, and ACTH in 1at serum 
Because of the deaths of a few animals there was an unequal nymber of rats per group, 


blood samples were taken, and the serum separa ted 
kits supplied by NIAMD-NIH 
using a highly purified 


but an average of 


Extract supplied by NIAMD (Rat 


possibility that the active substance may be a complex 
containing this metal 10n as an essential constituent 
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Social Control of Adult Size in Males 
of Xiphophorus variatus 


As 1n other species of poecilud fish, male Xiphophorus variatus 
(Pisces, Poeciliidae) virtually cease growth at maturity. The size 
of an adult male, then, 1s determined by its average growth rate 
before it reaches maturity and the age at which this happens 

The latter factor ıs under social control in this species When I 
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raised juvenile males in groups, they usually started to mature 
m sequence, largest first, and subsequently maturing males 
did not usually reach maturity until they were longer than all 
previously matured males As a result, the juvenile size order 
was negatively correlated with adult size order When the fish 
m a group were isolated from one another such patterns dis- 
appeared indicating that some degree of social interaction was 
necessary for their maintenance! 

In addition to determining the size distribution within a 
group of adult males, these interactions also determine the 
distribution of the yellow or red pigmentation (YR coloration) 
that appears in the dorsal and caudal fins of some mature 
males YR coloration develops only in the largest adult male 
m the group at any time starting at maturity and stopping when 
the male 1s exceeded in size by a newly matured male Since 
males tend to mature at successively larger sizes, a number of 
males may develop some YR coloration with those having 
held the position of largest adult for the longest times the most 
vividly coloured ones in the group? Possession of YR colora- 
tion 1s of advantage in aggressive interactions with other 
males} 

This system is an illustration of the phenomenon of social 
determmation of phenotype, which includes social control of 
sex reversal in protogynous fishes? The phenomenon may be 
widespread among vertebrates, especially if such phenotypic 
characteristics as aggressive and sexual behaviour patterns are 
included 

I report here three experiments designed to isolate the social 
factors involved in the control of maturation in Y variatus 
Pairs of males were maintained together in aquaria until matur- 
ity The standard lengths of the fish as well as their stages 
of sexual development—the stages in the transformation of 
the anal fin into the gonopodi1um—were determined periodically 
Juveniles came from broods 1n which a few males had already 
Started to mature, indicating that the Juveniles, although 
expected to remain juvenile for months if left with the others, 
could mature at any time! In the first experiment, pairs of 
juveniles from the same brood were placed together in plastic 
aquaria containing 3 ] of water In the second experiment, 
single juveniles were, placed 1n identical aquaria and 
maintained in isolation until they started to mature In some 
cases, on reaching the stage of sixteen segments ın the third ray 
of the anal fin, a relatively early stage of maturation but one 
that indicates that the fish is committed to further maturation 
(my unpublished results), an adult male was placed in its 
aquarium and the pair maintained until the first fish had reached 
maturity (During the maturation process, the third, fourth and 
fifth rays of the anal fin (3-5 complex) elongate by addition and 
lengthening of segments The third ray contains between ten 
and thirteen segments in a Juvenile and more than twenty-five 
in an adult After the elongation 1s complete, the bony elements 
at the distal end of the 3-5 complex differentiate into what ts 
called the tip complex ) In other cases the males were maintained 
in isolation In the third experiment, single Juveniles were 
placed in glass aquaria contaiming 8 | of water and an adult 
male was added on the same day or after delays of 2,5, or7d 

The results of the first experiment are summarized 1n Table 1 
There was considerable variation ın the latency to initiation of 
maturation and the presence of one fish delayed the onset of 
maturation ın the other If this were not the case, the latencies 
for any given pair would as often be on the same side of the 
median value as on opposite sides This, however, 1s not the 
case, seven times the latencies were on the same side of the 
median while seventeen times they were on different sides of 
the median (P —0 032) .I conclude that the onset of maturation 
1n the second fish to mature was delayed by the presence of the 
other fish 

Part of the variation in latency 1s also attribytable to ‘the 
difference m length between the two individuals in a pair As 
Fig 1 shows, the more similar two fish were in length, the longer 
it took for the first fish to start maturing This significant rela- 
tionship (Spearmari’s rank difference correlation coefficient = 
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0 658, N —24, P «0 001) suggests that a question—which fish 
IS to start first—must be resolved and the more disparate the 
two individuals are in length, the more quickly the decision 
can be made In six cases the smaller of the two started first 
after having grown more quickly in experimental conditions 
than did the other member of the pair In eighteen cases the 
larger of the two had started first and in five of these the smaller 
of the two had grown faster Table 2 shows that when two fish 


————————————————————— 


Table 1 Lengths, Growth Rates and Latencies to the Start of Maturation 
for All Fish in Experiment 1 
SSS 


Growth rate 
during interval 


Pair Length at T, TA To-T41 
(mm) CA d) 
A 301 17 0086 , 
276 84 0084 
B 254 11 0 649 
219 46 0 550 
C 256 7 0 432 
219 64 0 068 
D 239 7 0 623 
226 59 0313 
E 230 47 0 576 
226 18 0 703 
F 249 4 0 398 
246 46 0 602 
G 235 126 0 388 
232 45 0 399 
H 218 39 0 538 
212 50 0 373 
I 296 10 0 248 
245 50 0319 
J 240 7 0 565 
222 28 0 621 
K 272 17+* 0 164 
269 17 0 197 
AA 300 36 0168 
300 24 0172 
BB 270 36 0 301 
261 90 0 133 
DD 299 90 0372 
289 15 0 407 
EE 293 30 0256 
288 90--f 0165 
FF 268 13 0511 
251 t 0 181 
HH 276 29 0452 
272 48 0 383 
II 269 62 0 646 
247 13 0 701 
LL 236 41 0 448 
224 90-4cf 0 525 
MM 240 48 0 461 
239 34 0471 
NN 237 29 0 447 
228 48 0415 
AAA 252 8 0 246 
233 70 0054 
FFF 24 6 16 0 224 
243 4l 0 228 
GGG 244 16 0 375 
237 16+* 0 335 
HHH 256 16 0 169 
239 1024- 0 129 


Column 2 gives the lengths of the fish on the first day of the 
experiment (Ty) Column 3 gives the day on which each fish started to 
mature (T4) Column 4 gives the growth rates during the interval 
To to T4, (the day on which the first fish 1n a pair started to mature) 
Growth rates were calculated from many measurements during the 
interval so the lengths of fish on day T4, cannot be calculated 
exactly from the data but a close estimate can be made by raising 
the growth rate expressed as a proportion to the Tå: th power and 
multiplying by the length on T, This suffices for all pairs save G, 
AA and MM and in these cases the exact lengths of the first and 
seeond fish on the appropriate T4, were 27 2, 27 5, 31 2, 31 2, 280 
and 28 0 mm respectively The criterion for the commencement of 
e piaturation was fourteen Segments 1n the third ray of the anal fint 


* These fish were less developed that their companions and had 
begfin development later M 

t Some time after 90 d these fish had started to mature , 

f This fish died before T4 
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Fig 1 The number of days before the first fish 1n a pair started 
to mature plotted against the difference 1n size between the two 
individuals expressed as a percentage of the size of the smaller 
Circles denote pairs ın which the smaller of the two grew faster 
during interval T, to T4, (see Table ]) but started to mature 
second Crossed circles denote pairs in which the smaller fish 
grew faster and matured first Triangles denote pairs in which the 
larger fish grew faster and matured first 


were similar in size the deciding factor was relative growth rate 
and when they were dissimilar in size the deciding factor was 
relative size (When the fish differed by less than 5% of the 
length of the smaller, twelve out of thirteen times (two-sided 
P=0 0034), the more rapidly growing individual started to 
mature first, but when the fish differed by more than 5%, ten 
out of eleven times (two-sided P —0 012) the larger individual 
started to mature first) A single set of measurements will 


gS 


Table 2 Relationship between Maturation Order and Growth Rates 





The smaller of the two grows 


A All pairs Faster Slower 
The smaller of the Later 5 13 18 
two starts to mature Earlier 6 0 6 
11 13 24 
Fisher’s exact probability =0 0034 
B Less than 5% Faster Slower ; 
Later 1 7 8 
Earlier 5 0 5 
6 7 13 
Fisher’s exact probability =0 0047 
C More than 5% Faster Slower 
Later 4 6 10 
Earlier 1 0 1 
5 6 11 


Fisher’s exact probability —not significant 
a 


em ae 


. 
A demonstrates that a relationship between relative growth rates , 
within a pair and maturation order exists for experiment 1 ? 
demonstrates that the relationship holds for pairs which initially 
differed by less than 5'% of the length of the smaller C shows that 
the relationship does not hold for pairs in which the initial difference 
in length was more than 575 See text 
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suffice to determine relative sizes but a number of measure- 
ments made over time are necessary to determine relative 
growth rates This may account for the longer latencies 
observed for similarly sized fish (Fig 1) because in these cases 
the decision 1s made on the basis of relative growth rates and not 
relative sizes 

The results of the second experiment were clear cut There was 
considerable. variation in the number of days required for a 
transforming male to reach maturity when 1t was maintained 
in the presence of an adult male There was less variability in 
this measure for the fish maintained in 1solation Figure 2 shows 
that the variability in the first case 1s related to the factor of 
relative sizes, when the sizes were simular the rate of trans- 
formation was retarded but when they were dissimilar there 
was no noticeable effect This experiment shows that the rate 
of transformation during the latter stages of this process is 
under social control 
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Percentage difference in length 


Fig. 2 Time necessary for a fish to develop from the stage of 
sixteen. segments in the third ray of the anal fin to maturity 
plotted against the difference ın size between the transforming 
fish and the adult placed with ıt Average lengths during the trans- 
formation period, obtamed by integrating the growth curves, 
were used Open triangles denote pairs in which the adult was 
larger Solid triangles denote pairs in which the adult was 
smaller The five circles to the right of the graph give the number 
of days necessary for five unpaired fish to reach maturity under 
otherwise identical conditions Spearman's correlation coefficient 
computed for all ten points : —0 89, P=0 00057 Correlation 
- coefficient- computed for Mie bo ud triangles + —0 93, 


The results of the third experiment show that the day on 
which the adult fish was added to the aquarium was unimpor- 
tant The principal effect of adding the mature male was to 
delay considerably the onset of maturation in the juveniles 
(The median latency for the four unpaired juveniles was 11 d 
while for the fourteen paired individyals it was 34 d Wil- 
coxon's T—12, P «0 01) Another important effect ıs seen in 
Fig 3 which shows the rates of maturation for samples of 
unpaired ang paired juveniles One'result of pairing in these 
circumstances was to decrease greatly the rate of transforma- 
tion during the earlier stages of the process Although the 
second fish to mature ın the first experiment did not always 
exceed the first tn size, there was a significant tendency for the 
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Fig. 3 Maturation curves for fish in experiment 3. Stage of 
sexual development is plotted against time for the four unpaired 
fish (above) and for the four fish paired on day 0 (below). 
The numbers on the ordinate are the number of divisions (one 
less than the number of segments) in the third anal fin ray. P, 
proximal hook stage of development ®f the tip complex; 
D, distal hook stage: M, mature. The two groups showed mark- 
edly different rates of maturation in the early stages of the process. 
Fish |, n, o, r, and d, i, j, m, took 6, 4, 9, 8, and 19, 23, 16, 33+ 
d respectively to proceed from stage 10 to stage 15. The medians 
for the two groups differ at the P=0.014 level. Fish i and m may 
have matured before they were checked finally so the last portions 
of the two curves are uncertain (dashed line). 


second fish to be larger, which is in line with my earlier obser- 
vations’. (The median difference in adult length (length of 
second to mature minus length of first to mature) was 1.35 mm, 
N= 18 pairs, Wilcoxon's signed rank test: P —0,028.) 

Although from these and my earlier. studies? it would be 
logical to conclude that the "purpose" of these interactions is 
to allow each male in a population to be the largest adult male 
present for some time—a status attained by most males in 
laboratory groups of less than fifteen—this is not the case. I 
have sampled natural populations of these fish in Tamaulipas, 
Mexico, and found that they contain mature and maturing 
males of all sizes (my unpublished results). If the situation in 
the laboratory were an yndistorted reflexion of that in nature, 
most of the maturing males in natural populations would be 
large. relative to the sizes of the mature males. What then is the 
natural function of this complex adaptation? Presumably the 
adaptation allows a male to mature at any size that optimizes 
his fitness. A more specific answer requires new information, 
but one possibility is that the adaptation serves to fit maturing 
males into holes in the size distribution of adult males and that 
for some reason a male is in the best position when there are 
few similarly sized adult males. If females of a particular length 
respond more readily to the courtship of males of a particular 
length’ this would put similarly sized males in competition with 
one another and limit competition with dissimilarly sized males. 
In this light, it is notable that adult males that are similar in 
size tend to fight fiercely with one another while those of 
different sizes tend to ignore one another (ref. | and my 
unpublished results). 

If the above interpretation is correct, the control over the 
time of initiation and the rate of maturation would serve as the 
coarse and fine adjustments respectively for easing a fish into a 
hole in the size distribution. For example, when a fish was a 
few millimetres short of such a gap in the distribution it would 
start to mature and by the time it had reached maturity and 
stopped growing it would have reached the proper size. If 


conditions had started to deteriorate so the fish could not have * 


maintained its previous growth rate, it could still have matured 
at the desired size by retarding its rate of maturation, and there- 





ncrease that would have been necessary to 
f ihe largest adult present. There was also a 












correlation between the rate of transformation and the latte 
factor. That is, the more the fish would have had to: have 
grown to have matured as largest adult present, the mon 
slowly it matured. In the laboratory where. conditions fo 
growth are not variable and probably nearly optimal, the mo: 
obvious gap in the size distribution is at the top. In natural - 
populations where conditions can vary from optimal to lethal, 
fish might often opt to mature within the distribution. "An 
analysis of the size distributions of mature and maturing. 
males in natural populations is in progress, ee 

In summary, the time of initiation of maturation in XY. 
variatus is under social control, as is the rate of maturation 
during the very late and very early stages of the process, On 
one other male need be present for this to occur. Larger or 
more rapidly growing juveniles or larger adults delay the 
initiation of the process; the rate of the process can be de- 
pressed by exposing a maturing male to a mature male. This 
effect is more pronounced when the two individuals are similar. 
in length. CH 

I thank Drs K. D. Kallman and Piet Sevenster for laboratory - 
facilities and help. This work was supported in part by a 
grant-in-aid from the Society of the Sigma Xi, in part by a 
grant from the US Public Health Service to Dr Kallman and 
in part from a grant from the Arts and Sciences Research Fund 
of New York University. : 
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Tibetan Species of Dung Beetle from. 
Late Pleistocene Deposits in England 


A LARGE and distinctive species of the dung beetle Aphodius 
that is clearly not a member of the present day European fauna. 
has frequently been found in deposits in England that date 

from the middle of the Last Glaciation"?. Although at times _ ; 
very abundant (from one peaty lens in a gravel pit near Dor- " 
chester on Thames, fossils of at least 150 individuals were. 


obtained) the identity of this species has up to now remained”: 


a mystery. The fact that the skeletal elements were to a large 


extent disarticulated made the use of keys to identification... 


impossible and, with more than five hundred described species 
of Aphodius in the Palaearctic region alone, it would have. 
been imprudent to describe the fossils as a new, possibly : 
extinct, species. Thus in accounts of fossil assemblages of : 

Coleoptera, this species has been given the non-committal 


designation of Aphodius sp. A of Upton Warren after the sit 
in Worcestershire! where it was first found. The solutio 
the identity of this species was both unexpected and drama; 
The only practical method of identifying fossils such as. 
these is by a systematic search of comprehensive collections 
of modern Coleoptera. During one such search of uncatalogued 
specimens of Aphodius in the collections of the British Museum. 
of Natural History, several unnamed specimens were found 
that matched precisely the problematical fossil species. These: 
specimens were from the Hingston collection and had been. 
obtained at high altitudes on the north slopes of the Himalayas 
a vie the 1924 British Everest Expedition. By reference to. 
@®althasar*s key*, these specimens were determined as Aphodius. 
elgidereri Reitter and cohfirmed by direct comparison with the . 
holotype of this species loaned by the Natural History Museum, 
Bud&pest. . NC 
With the exception of the antennae and tarsal segments, 
fossils of all elements of the exoskeleton are available for 
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: comparison with their modern counterparts. Figures 1 and 
2 show a selection of these fossil fragments and present day 
Aphodius holdereri with which they can be compared. The 
precise correspondence between the two is unequivocal. 
Furthermore, closely related species such as Aphodius semenovi 
Reitter and Aphodius hydrochoeris Fabricius can be excluded 
as possible candidates because they differ from the fossils in 
numerous details of shape, sculpture, size and colour. There 
can thus be no reason to doubt that Aphodius sp. A of Upton 
Warren is in fact Aphodius holdereri. 

This species is today restricted to the high Tibetan plateau 
where its range extends from the region of lake Koko Nor 
(now Ch'ing Hai) in the north to the north slopes of the 
Himalayas in the south. As far as I am aware there are no 
records from western Tibet. The localities from which it has 
been obtained range in altitude from 3,000 m to 5,000 m. 

Fossils of Aphodius holdereri are widespread throughout the 
English Midlands. They seem to be confined to deposits that 
date from the middle phase of the Last Glaciation; a period 
which, fortunately, falls within the range of '*C dating tech- 
niques. The oldest of these deposits was at Upton Warren, 
Worcestershire, from which a date of 42,000 sp (GRO 1245)! 
was obtained, and the youngest was at Thrapston, Northamp- 
tonshire, which gave a date of 26,000 Bp (Birm 113)*. Out of 
a total of seventeen sites that produced insect assemblages 
dating from this period, fourteen yielded Aphodius holdereri. 
The species seems to have been most abundant at the very 
beginning of this period when it was our commonest large 
Aphodius, but after this its numbers gradually declined although 
it must have remained an important member of the British 
fauna throughout. 

The occurrence of this Tibetan species in such relatively 
recent deposits in Britain has important zoogeographical 
implications. Not only does it illustrate the great changes of 
range that insect species have undergone in response to 
Pleistocene glaciations but it also points out the danger of 
trying to interpret faunal histories on the basis of present day 
distributions alone. In the absence of a fossil record, Aphodius 
holdereri might well have been interpreted as a typical Tibetan 
endemic species carrying the implication that it was “native 
and originating” there. Clearly the present day restriction of 
the range of such a species is more likely to be a reflection of 
the limited availability of acceptable habitats. 

The past occurrence in lowland Britain of a species that is 
today confined entirely to altitudes greater than 3,000 m 
demands a reconsideration of the environmental factors 
responsible for this type of restriction. Manif considers that 





Fig. 1 Modern and fossil Aphodius holdereri Reitter. a, A" 

modern ¢ specimen from the Himalayas. b, c, d and e, Fossils 

from Dorchegter on Thames of head, pronotum, scutellum and 

left elytron. The elytron is distorted by flattening at the 
shoulder. Ail drawings are x 3. 
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Fig.2 Aedeagophores of modern and fossil Aphodius holdereri 

Reitter. a and b, Modern Himalayan specimens in lateral and 

dorsal view. c and d, Laterally and dorsoventrally compressed 

fossil specimens from Dorchester on Thames. The linear scale 
represents ] mm. 


the montane autochthonous insect species evolved in the 
mountains, presumably as adaptations to the peculiarities of 
the high altitude environment and Aphodius holdereri, fits well 
his definition of such hypsobiont species. Its occurrence in 
Britain during the Last Ice Age at altitudes very close to sea 
level suggests that there must have been environmental factors 
in common permitting the species to thrive in both situations. 
Unique characteristics of the high altitude environment such 
as low atmospheric pressures and the associated low oxygen 
tension and the extremely high insolation are excluded as 
environmental parameters determining the suitability of 
habitats in glacial Britain. Only similarities in the thermal 
environment are left as possible physical factors in common 
to the two situations. The restriction of certain insect species 
to high altitudes would thus seem to be determined almost 
entirely by the availability of suitable thermal conditions and 
the other peculiarities of the physical environment in these 
regions seem to be of minor significance. 

I thank Dr Z. Kaszab for the loan of the type specimen of 
Aphodius holdereri, Dr R. B. Angus for his enthusiastic 
assistance and Rosemary Wise for the drawing of Fig. 1. 
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Allergenic and Agricultural 
Implications of Airborne Ascospore 
Concentrations from a Fungus, 
Didymella exitialis 

Tur occurrence of seasonal asthma resulting from fungal 
spores in late summer is well recognized. Cladosporium and 
Alternaria have been extensively studied as allergens! because 
of their worldwide distribution. Herxheimer et aL? used 
*kin and bronchial testing when investigating allergic causes 
of recurrent summer asthma. They showed that certain types 
of basidiospores and one type of ascospore are antigenic in 
man. Seasonal symptoms occurring in late summer in Great 
Britain due to Leptosphaeria (Phoma) spp. have also been 
described?. Very large concentrations of ascospores, particu- 
larly in August, were noted by Hyde and Adams*. The 
clinical importance, especially of the large numbers of one- 
septate ascospores, has never been evaluated. 
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The air spora in the vicinity of a patient in Dorset whose 
August asthma was associated with proximity to large areas 
of barley was investigated. A Burkard model of the Hirst* 
spore trap was installed at 0.5 m above ground level in a 
garden near barley in the Blandford area. From July 10 to 
September 9, 1972, airborne particles in the 5 to 50 uim range 
were sampled continuously for subsequent microscopic 
examination which enabled the history of concentration 
changes to be reconstructed hour by hour. During the first 
2 weeks sampling, it became clear that the local air spora was 
characterized by long periods with extremely dense concen- 
trations of hyaline one-septate ascospores, often absent during 
the middle of the day, but reaching peak concentrations of 
105 to 10° per m? of air at night (Fig. 1). These may be the 
“Group B" airborne ascospores from cereal crops depicted by 
Last. They also resemble the ascospores found in dense 
concentrations in the air of wheat fields in Switzerland by 
Corbaz?, who identified them as Didymella exitialis. 

None of the familiar fungi on barley produce ascospores of 
this type, yet such unusually dense concentrations in outdoor 
air indicate a very large source. Microscopic examination of 
random specimens of what seemed to be normally withered" 
barley leaf fragments from the Blandford area and elsewhere 








Fig. 2 Perithecia of D. exiríalis in cleared barley leaf, collected 
near Blandford, Dorset, on August 3, 1972. Magnification: 
x 113.90 approximately. 


with “barley asthma", showed dense concentrations of similar 
ascospores. 
As the correlations suggested a causal relationship, clinical 


revealed numerous perithecia, packed with asci and ascospores, evaluation by skin tests as a preliminary investigation seemed MN 
immersed in the leaf tissue with only minute hyaline necks necessary. One hundred patients with seasonal symptoms of 3 
protruding through the epidermis (Fig. 2). These perithecia, rhinitis and/or asthma were tested with extracts of two isolates 2 
which were found in every barley leaf examined in August and of the ascospores from barley leaves. Four reacted to both - 
September 1972, numbered about 100 per cm? of leaf On extracts and eight gave a positive reaction to one of the asco- i 
average at Rothamsted and 200 to 300 at Blandford. Similar spore extracts. It was noted that eleven of the twelve patients é 
perithecia were found on wheat. Immature perithecia were who reacted were already being treated for a mould spore 
abundant in barley flag leaves collected near Blandford on ^ asthma due to Alternaria or Cladosporium. One of these 
August 3. . patients was admitted to hospital in severe status asthmaticus 
Ascospores are discharged freely an hour or so after dried — on July 29 at a time of high ascospore counts. Some patients 
leaves are wetted in the laboratory. The continuous spore with seasonal symptoms that seemed to be associated with 
trap records show that in the field ascospores are liberated barley had negative immediate skin tests, but one had positive 
when leaves are wetted either by rain or dew. Cultures are precipitating antibodies present, indicating that these asco- 
easily obtained on the usual agar media. spores could also cause a disease of the ‘farmer's lung" type, 
Specimens on barley and cultures isolated from spores caused by a Type III reaction of Gell and Coombs?. 
shed from barley leaves were examined. After comparison It is remarkable that a fungus which is so abundant on 
with type material theefungus was identified as Didymella barley leaves has not been studied before in Britain. In 
exitialis (Moreau) Müller. Further isolations from the air over addition to its possible role as an aero-allergen, the question 
barley fields during summer are needed to establish whether ^ of whether D. exitialis, which is implicated by Müller!? as a Ec 
other leaf fungi contribute substantially to the dense concen- cause of leaf scorch of cereals in Switzerland, damages cereal E 
trations of one-septate ascospores observed. crops here also warrants investigation. 
Retrospective examination of the patient's diary showed The late Dr Kate Maunsell suggested the Dorset study and 
that the symptoms developed in parallel with the ascospore pr R. S. Bruce Pearson that near Cirencester. We thank 
concentrations, becoming worse during a period with concen- Dr C, Booth and Dr E. Punithalingam of the Commonwealth 
trations of 1 to 2x 10° m-? during the first 2 weeks in August, Mycological Institute, Kew, for identifying the fungus and 
and substantially disappearing when the spore concentrations Mr B. G. Hart for the supervision of the Hirst spore trap 
declined as the barley harvest was completed by about August — at Blandford. 
26. Re-examination of trap samples from a similar study A. W. FRANKLAND E 
made near Cirencester in 1968, in the environment of a farmer Allergy Department, : 
St Mary's Hospital, : 
London W2 = 
P. H. GREGORY 
Rothamsted Experimental Station, 
Harpenden, Hertfordshire 
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Fig. 1 Deposit of airborne ascospores of D. exitialis ascospores ? Gell, P. G. H., and Coombs, R. R! A., Clinical Aspects of Immun- 
on Hirst trap slide, exposed near Blandford, Dorset, on the night ology, second ed. (Blackwell, Oxford, 1968). e 3t 


of August 1, 1972. Magnification: x 804 approximately. 


19 Müller, E., Phytopath. Z., 19, 403 (1952). 











Turning the Left Cheek Examined 
using Modern Photography 

“McManus. and Humphrey's investigation into turning the 
left cheek in formal portraits! from the sixteenth to 
twentieth centuries prompted me to check two 1972 school 
yearbooks for the same phenomenon. I found a similar 
tendency to expose the left side of the face more than the 
right. I found, however, no significant differences between 
xes and seem to have discovered a difference between 
s in left preference. 





of the CWC seniors. ; 

If there really is a lessening of some sexual behaviour 
difference, or the development of group differences in facial 
exposure, Central Wesleyan College is one of the last places 
I would have expected to find such developments. Extreme 
hair length in males and other aspects of the “unisex” look 
are discouraged. There is considerable social contact 
between faculty and staff and students, and both groups 
are largely drawn from the same small religious body 





Left side of 
face exposed 
“CWC, senior males? 18 

<u CWC, senior females 6 









i CWC, faculty and staff males 6 
CWC, faculty and staff females 4 


CWC, all non-senior student males 49 
CWC, all non-senior student females 62 


Easley, senior males? 68.5 
Easley, senior females 68 

_ Easley, sophomore males 57 
Easley, sophomore females 60 





D Left e Sex 
Right 75 P* difference 
i in NO } <0.05 
$03 NB) ow 
8 E «001 ] NS 
05 e imp f NS 
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‘The photographs in the yearbook were taken by a single 
photographer for each school, who was unknown to the 
bjects.. The subjects. chose which of four poses would be 
ublished. It is possible that the same photographer took 
all the photographs used in this study. The use of a camera 
d subject selection of pose, and the same photographer 
‘an entire group, seems to. eliminate the hypothesis of 
ias in the artist's skill’, Subject selection of pose would 
eliminate bias in positioning of the subject by the artist. 
Only head photographs were used in this study. 
_ An Table 1 I show that preference was for the left side of 
the face to be exposed except for the three small groups 
from CWC. Because the senior females appeared to be 
erent in preference, my wife independently checked 
senior males and females and found essentially the same 
eference tendencies as myself in both sexes (63% as against 
i% in males, 27% as against 32% in females) As a further 
eck against investigator: bias or difficulty in classification, 
€ observer independently classified the Easley seniors, 
reed almost perfectly with me (63.8% as against 63.6 % 
nales, 68.6% as against 69.7% in females). The Easley 
seniors are an average of these two tabulations. No faculty 
head-only pictures. were published in the Easley yearbook, 
_ With the exception of the CWC seniors, no significant 
difference was found between sexes in any group, nor was 
_ there such a difference in all subjects combined, or all Easley 
students plus all CWC non-senior students combined. This 
difference from the findings of McManus and Humphrey 
might indicate a. social factor in exposure preferenoe!, whfth, 
_ has disappeared with time as some sex behaviour and ap- 
pearance differences haye decreased. 
v fewer data. in the present study. ° 
In Table 2 | compare the several groups, using a 2 by 2 
? test in each comparison, . There seems to be a significant 








It may also reflect ° 


c* P= Likelihood of these results showing preference, based on x? test with 50%% expected preference. 
Sex difference—based on 2 by 2 y? comparisons. NS-—not significant. 





Table 2 Pairwise Comparisons 
® 


CWC, Easley, CWC, 


non-senior Easley, both faculty 
students — seniors classes staff 
Easley, both classes NS — — « 0.001 
Easley sophomores — NS a — 
CWC, all students NS ~ «0.10 «0.01 
CWC, seniors «0.02 — «0.01 NS 





(the Wesleyan Church) in the Southeastern United States. 
Perhaps the group differences are statistical flukes, but it 
seems unlikely that the lack of sex difference in. preference 
is, since it is reflected in both student bodies. 

I thank Debbie Martin, Faye LaBar, Gilda Alexander, 


. Donna Blair and Jimmy J. Kimble for technical assistance. 


MARTIN LABAR 
Central Wesleyan College, 
Central, South Carolina 29630 


Received June 29, 1973, 


t McManus, I. C., and Humphrey, N. K., Nature, 243, 271 (1973). 
? Easley, S. C., High School, Green and White, 45 (1972). 
? Central Wesleyan College, Central, S.C., Centralian, 38 (1972). 










Reference Abbreviations 


ALL abbreviations of references in Nature should now 
conform to the style of the World List of Scientific 
Periodicals, fourth ed. 
Authors submitting manuscripts are asked to ensure 
that the references are written appropriately. |. 

















(Butterworth, 1963-65). | ^ 
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Sex in the Making of Man 


Sexual Selection and the Descent of 
Man, 1871-1971 Edited by Bernard 
Campbell Pp x+378 (Heinemann 
London, June 1973) £650 


Darwin’s The Descent of Man and 
Selection in Relation to Sex contained, 
as its name suggests, two largely inde- 
pendent works The two parts are held 
together by Darwin’s conviction thaé 
many of the differences between the 
races of man cannot be explained as 
adaptations to different environments 
(and hence by natural selection), and 
therefore must be explained by sexual 
selection, and in particular by different 
concepts of human beauty Few people 
today would take this argument very 
seriously One might therefore fear 
that a collection of essays celebrating 
the centenary of Darwin’s book would 
lack unity to an even greater extent 
than most such collections In fact, 
this fear 1s not realized, these essays 
form a sustained and coherent attack 
on a related group of problems The 
credit for this must go in part to the 
editor, Bernard Campbell He has 
chosen his authors skilfully, and has 
given each of them space to develop his 
ideas It 1s also in part.the result of the 
happy accident that history has brought 
the two parts of Darwin’s book closer 
together We can now see that if we 
are to understand human evolution, we 
must also understand the evolution of 
human breeding systems, and the rele- 
vance of these systems for ecology and 
sociology on the one hand and for 
individual psychology on the other 

In the first two essays, Eiseley puts 
Darwin’s work in historical perspective 
and Simpson summarizes what is known 
of man’s physical evolution This is 
followed by an essay by Campbell him- 
self, relating man’s physical evolution to 
his ecological status In brief, he 
suggests that Australopithecus was con- 
fined to a tropical environment, that 
with H erectus man’s ecological range 
was extended to temperate regions, and 
with H sapiens to the Arctic There 
follows a clear summary by Dobzhansky 
of the genetics of human racial differ- 
ences, and an essay by Mayr intro- 
ducing the problem of sexual selection 
The latter seems to me a sad and 
uncharacteristic muddle , The phrase 
“sexual selection” has been applied to 
many different selection processes, and 
Mayr sets out to distinguish these from 
each other and from natural selection 
Unfortunately he never gets clear about 


the most fundamental distinction—that 
between intra- and interspecies selection 
—and ends up by apparently equating 
natural selection to the latter “I feel 
that here 1s an area that has not been 
thought out completely”, he writes , 
he can say that again 

Ehrman reviews the evidence on the 
genetic basis of sexual selection, and in 
particular her own fascinating work on 
the “rare male” phenomenon, whereby 
a female fruitfly, offered a choice of 
kinds of male, will prefer to mate with 
whichever kind 1s least common There 
follow three brilliant essays, by Trivers, 
Selander and Crook, on the significance 
of sexual selection , together these form 
the essential core of the present volume 
Trivers’s fundamental theme ıs that 
parental investment of the sexes 1s the 
key variable controlling the operation of 
sexual selection The argument seems 
to me correct and illuminating The 
essay is densely packed, both with theory 
and data, and is not always easy to 
follow , I hope he will expand it into a 
book I think he makes some mistakes , 
for example, can it be true that “Amer- 
can women tend to marry up the socio- 
economic scale”, unless upper class 
American women stay unmarried? 
(What 1s true—at least in Scotland—is 
that tall women tend to marry up the 
scale ) 

Selander starts with a review of Dar- 
win’s own contribution, including a 
sympathetic discussion of his mistakes 
He then reviews sexual dimorphism and 
selection 1n birds His central argument 
ıs that ecological requirements deter- 
mine breeding systems, and that these 
in turn influence sex ratios and sexual 
dimorphism This essay too 1s hard 
work because so full of illustrative data, 
but again the effort 1s worth it Crook 
discusses sexual selection ın primates, 
and, like Selander, interprets breeding 
systems as ecological adaptations He 
is less convincing, because as yet less 1s 
known of the ecology and ethology of 
primates than of birds, but his essay 15 
packed with fascinating problems For 
example, he describes how, ın the Old- 
World monkeys? males often mimic 
female genital characteristics as a 
method of warding oft aggressive 
attacks from dominant males *But why 
should it be that qp,the New-World 
monkeys, the male genitalia are some- 
times used as signals ın aggressive inter- 
male displays and are mimicked by 
displaying females? Crook discusses 


the role of sexual selection in human 
evolution Here the fundamental diffi- 
culty ıs that we do not know the breed- 
ing system of our recent ancestors 
Crook discusses Desmond  Morris's 
thess that much of human evolution 
can be understood as a series of adapta- 
tions making sexual intercourse more 
rewarding and hence cementing the pair 
bond Crook finds the idea plausible, 
but remarks that “the fact that Morris's 
story hangs together particularly well 
may tell us more about his skill as a 
writer than about the validity. of his 
views" This leads him to discuss how 
evolutionary hypotheses are to be vali- 
dated, and to suggest that they must be 
tested at levels additional to that which 
originally suggested them 

This last methodological proposal 
might be pondered by Fox, who con- 
tributes an essay on sexual selection and 
human kinship systems The essay 
contains many interesting suggestions, 
but suffers from the fact that the author 
1s obsessed by a single idea He believes 
that the human neocortex, the human 
conscience and sense of guilt, and 
human kinship systems and incest 
taboos, owe their existence to sexual 
selection operating between males in a 
society in which only dominant males 
get mates Like most obsessions, this 
1s part of the truth , 1f 1t were the whole 
truth, ıt would explain why only man, 
and not dogs or baboons, invented 
Christianity Iam also curious to know 
how Miss Greer will react to the sugges- 
tions that women owe their intelligence 
to selection between males for 
dominance 

The book ends with a useful sum- 
mary by Caspari of what has gone 
before In an apparent attempt to 
redress the balance between the sexes, 
he ascribes my work on group and kin 
selection to my wife To conclude, this 
volume is the most informative and 
stimulating discussion of sexual selec- 
tion at present available 

J MAYNARD SMITH 


Free Radicals 


Free Radicals Volume 1 Edited by 
Jay K Kochi (Reactive Intermediates 
in Organic Chemistry) Pp xvu-+712 
(Wiley-Interscience New York and 
London, April 1973) £18 75 


SCIENTIFIC progress depends almost as 
much on the formulation and critical 
examination® of theories as on the dis- 
covery of new facts Theories, cannot 
be computerized and, since the present 
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output of scientific papers in free radical 
chemistry 1s already far too great for 
thorough comprehension by personal 
reading, specialist review volumes, 
though expensive, have become essential 
secondary sources of information for 
research workers Monograph series, 
such as the Wiley-Interscience publica- 
tions, of which this 1s but one volume, 
are thus necessary additions to the 
shelves of reference libraries 

Even the poorest specialist essay pro- 
vides its readers with references that 
save days of working time ın the pre- 
paration of a card index a good essay 
in addition stimulates thought and the 
critical appreciation of the merits, fail- 
ings and basic objectives of modern 
research papers This collection of 
eleven essays on free radical reactions 
is a mixed bag in regard to both quality 
and intrinsic value Each author has 
been allowed to present his own view 
of the scientific importance of his 
selected topic Some (for example, J W 
Wilt, who contributes a mammoth 
chapter on free radical rearrangements) 
have chosen to write up a comprehen- 
sive card index, others present narrowly 
American viewpoints on small and 
highly specialized researches (for 
example, R G Bergman, who describes 
biradicals by detailed reference to tri- 
methylene, and J G Garst of the Um- 
versity of Georgia, who discusses radi- 
cal-anions mainly by reference to that 
of naphthalene), but the more experi- 
enced writers tabulate data and discuss 
eritically their overall value These 
chapters are of general interest because 
they show that few novel kinetic theories 
are now likely to emerge and that far 
too many of our published data are 
experimentally imprecise and often 
theoretically superficial 

This last comment applies particularly 
to the chapters by J D Kerr on rate 
constants in gas phase reactions, by 
K U Ingold on absolute rate con- 
stants in liquid phase reactions, by 
G A Russell on relative rate constants 
of radical reactions and to two short 
chapters by T Koenig on some typical 
homolytic decompositions and on “cage 
effects” on decomposition rate in solu- 
ton J K Kochi presents kinetic re- 
searches much more descriptively He 
deals with redox reactions of free radi- 
cals and metal complexes, covering the 
wide field of his own recent interests but 
including in some detail well known 
theories of metal ion catalyses of 
autoxidation and peroxide decomposi- 
tion A G Davies and B P Roberts, 
1n a concise but stimulating chapter on bi- 
molecular homolytic substitution at metal 
centres, extend widely the mechanistic 
outcome of their own work on the free 
radical chemistry of boron, phosphorus 
and sulphur The outstanding new 
development en free radical chemistry 
1s also described in a short chapter 
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on chemically induced dynamic nuclear 
polarization (CIDNP) by H R Ward 
This new physical technique for the diag- 
nostic detection of free radical reactions 
has great potentialities particularly for 
the study of reaction mechanisms, but 
Ward has been quite cautious in his 
assessment 

The book as a whole shows that many 
aspects of free radical chemistry have 
now been developed so extensively that 
they are declining ın academic but not 
industrial interest, though they still com- 
prise the efforts of the majority of 
research workers in this field How- 
ever, some quite new themes and exper- 
mental techniques are emerging and 
these have quite properly been brought 
to our attention 

W A WATERS 


Thermodynamics 


An Introduction to Equilibrium Ther- 
modynamics. By Bernard Morrill Pp 
x1+353 (Pergamon Oxford and New 
York, February 1973) £7 50 


I AM a chemist by training and was 
somewhat disconcerted, having accepted 
an invitation to review on title alone, to 
find that this volume 1s slanted towards 
American engineering students Never- 
theless, 1t 1s interesting to discover how 
others learn The book’s introduction 
suggests that the text is intended to 
“open up new areas of electrical en- 
gineering thought” I expected, there- 
fore, a thermodynamic discussion on 
thermocouples and _ thermoelectric 
power, Peltier effects, Johnson noise, 
fuel cells, and so forth None of these 1s 
mentioned and the most specialist treat- 
ment is reserved for steam engines, 
steam turbines and nozzles 

The main text covers a wide range 
of traditional thermodynamics, Carnot 
cycles, Gibbs functions, ideal gas mix- 
tures and the like, which are at least as 
familiar to chemists as to engineers 
The treatment takes the principles of 
the subject quite rapidly so that the 
third law and grand partition functions 
are completed by the end of chapter 2, 
to be followed by some more detailed 
work and the applications The text 1s, 
in general, competent, clear and fairly 
mathematical I improved my know- 
ledge, especially from the section on 
Legendre transformations and from the 
treatment of throttles But there ıs 
nothing exceptional for those content 
with their present text? 

There are problems, both worked and 
for the student It is in the adoption 
of Impérial unite that most 1s done 
to make the work especiallye suit- 
able for engineers I hope I shall never 
again meet the universal gas constant in 
the form 1545 3169 ft Ibf/°R lbm mole 

D H WhuIFFEN 
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Phonons 


The Physics of Phonons ByJ A Reiss- 
land Pp x1+319 (John Wiley New 
York and London, April 1973) £7 


Tuis book is based upon an excellent 
idea to present in one volume most of 
the aspects of phonon physics , and so 
it 1s even more restricted than Ziman’s 
Elections and Phonons As a refer- 
ence book for undergraduates, graduate 
students, as well as research workers, it 
presents a very convenient compendium 
I would, however, hesitate to recom- 
mend it to my own students as a text, 
especially if 1t were to be the first text 
The book 1s very light on discussion of 
the important—and usually very diffi- 
eult—concepts Why 1s a phonon called 
a quasi-particle? Why the name 
Umklapp-process? What ıs created by 
a creation operator? Why are some 
particles bosons and some fermions? 
None of these questions 1s answered— 
or asked This is a great pity because 
a useful book could have become a 
classic Jt would also have been worth- 
while to discuss and underline the simi- 
larity and difference with other quasi- 
particles (or “’ons”, as the author calls 
them ın chapter 8). 

The coverage of the book 1s com- 
prehensive and can hardly be faulted 
Through a discussion of normal vibra- 
tions phonons are introduced in chapter 
1 Chapter 2 discusses dispersion curves 
and in chapter 3 creation and annihila- 
tion operators are introduced In 
chapter 4 Reissland discusses statistics 
without, however, really making clear 
the distinction between various kinds of 
statistics—after having stated categori- 
cally that all particles are bosons or 
fermions, he mentions that the atomic 
oscillators follow Boltzmann statistics 
Anharmonicity and phonon-phonon 
interactions are introduced in chapter 5, 
and the Green function formulation fol- 
lows in chapter 6 Chapter 7 1s devoted 
to a lattice dynamical treatment of 
various solid state properties, such as 
thermal expansion, ultrasonic attenua- 
tion, and ferroelectricity In chapter 8 
the interaction of phonons with other 
“ons” ıs discussed, but I would have 
expected more than a seven-line para- 
graph devoted to superconductivity and 
at least a brief description of the basic 
ideas (such as the importance of Cooper 
pairs) would have been welcome 

The book 1s well produced—although 
a few names are muis-spelled—and as 
present-day prices go not too expensive 
The author does not mention whom he 
had in mind when writing the book 
I should have thought that ıt was pri- 
marily intended to help starting graduate 
students 1n solid-state research, or even 
the final-year undergraduate, and the 
copious references will be helpful 1n this 
respect A selection of exercises would 
have been welcome © D TER HAAR 
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Vital Statistics 


Biometiical Interpretation By N 
Gilbert Pp 125 (Clarendon Press 
Oxford, Oxford University Press 


London, May 1973) £3 boards, £1 30 
paper 

Introduction to Biostatistics By R R 
Sokal and F J Rohlf Pp xui-368 
(W H Freeman San Francisco, May 
1973) £410 


AS stated in the preface to Bo- 
metrical Intei pretation, “this book ıs 
addressed to biologists who use bio- 
metrical methods as a tool” Instead of 
justifying mathematically, or leaving 
unjustified, the statistical methods pre- 
sented, it describes plainly, thoroughly 
and concisely how a set of quantitative 
biological data can be broken down and 
analysed to show its salient structural 
features In a properly designed 
study these features will correspond as 
answers to the biologist’s questions and 
thus provide a natural basis for inter- 
pretation This book is therefore re- 
freshingly different from the many 
“recipe books” already available for the 
relatively non-numerate user of routine 
statistical methods Just because it 1s 
written to give the user an intelligent 
understanding of the way 1n which an 
appropriate statistical analysis has built 
in to itself the structural features of 
his particular problem, it 1s less easy to 
read (but far more rewarding) than a 
cook-book of bland instructions and 
formulae 

Although from the preface “the book 
assumes some familiarity with ele- 
mentary statistical methods”, the author 
has in fact explained most of the ım- 
portant ideas himself where necessary 
In the first six chapters a unified treat- 
ment is adopted, centred on least 
squares eStimation of linear relation- 
ships and additive effects in the presence 
of Normally distributed residuals 
Discussion of means and variances is 
naturally followed by an account of 
correlations, multiple regressions and 
prediction A minor criticism is that 
principal component analysis is 
described (page 40) as attempting to 
summarize the correlation, rather than 
(as I think 1s conventional) the co- 
variance, structure of a set of variables, 
readers may therefore find the discussion 
of principal components and factor 
analysis confusing The importance of 
assumptions of additivity and linearity 1s 
clearly stated common transformations 
to linearity and additivity are described, 
as 1s the use of polynomial and other 
mathematical functions—some useful 
notes on curve fitting are also given in 
chapter 13 Significance testing 18 
explained, with examplés of normal 
theory tests on means, variances and 
contingency tables 

Chapters 7 to 11 cover varied topics 
The Fisherian and Bayesian views of 


basic statistical theory are contrasted in 
chapter 7 and we are warned to temper 
with common sense our adherence to 
any particular approach Chapter 8 
stresses randomization and the appro- 
priate design of experiments Chapters 
9, 10 and 11 discuss briefly uses of 
statistics ın problems of particular 
interest to biologists indices of diver- 
sity, quantitative genetics and popula- 
ton dynamics No account 1s given of 
probit analysis, however The book 
ends with a plea for correct analysis (or 
else no analysis at all), a valuable sum- 
mary of how to tackle a specific prob- 
lem by quantitative experimentation, 
and lucid answers to most of the 40- 
odd examples set Whoever masters this 
slim volume should have a clear and 
sound understanding of most basic 
Statistical methods and the circumstances 
(not only biological) in which each 1s 
appropriate I strongly recommend this 
book 

I find little, on the other hand, to 
distinguish Introduction to Biostatis- 
tcs from many other introductory 
texts 

It 1s an elementary introduction to 
statistics, illustrated by examples drawn 
from biological applications, and 
requiring only an elementary knowledge 
of mathematics The layout of the book 
1s conventional it begins by explaining 
the nature of quantitative data and how 
their distributions may be summarized 
by descriptive statistics Next, simple 
probability theory is followed by dis- 
cussion of the binomial, Poisson and 
normal distributions Estimation, con- 
fidence intervals and tests of hypothesis 
are discussed, mainly in the context of 
normally distributed data One and two 
way analyses of variance are discussed, 
with the inclusion of a chapter dealing 
with the assumptions underlying such 
analyses, possible transformations of 
the data and the use of two-sample and 
paired-comparisons nonparametric tests 
Other topics treated are simple linear 
regression (y=a+b,), simple correla- 
tions, and x? tests of goodness of fit and 
independence in contingency tables 

A possible disadvantage of this book 
1s that answers are given to only a few 
of the examples set, however, many 
worked examples are presented with 
full details throughout the text On the 
credit side, I welcome the distinction 
made between hypotheses formulated 
before and after inspection of the data 
(page 179) In the discussion of tabular 
x’ tests, the use of the log (likelihood 
ratio) statistic (page 293) instead of the 
traditional X? statistic (page 290) ıs an 
interesting innovation Eor an element- 
ary text the book alse contain a wide 
range, of statistical ,tgbles Although 
about three times as long as Brometiical 
Interpretation, 1t comparés if anything 
unfavourably with Gulbert’s book in 
respect of the extent and depth of 
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ground covered For a discursive and 
informal presentation, the longer book 
might be preferred Among users of 
statistics, however, not only the research- 
er but also the competent undergraduate 
would in my view find the shorter and 
cheaper book far better value 
K L Q REap 


Flowers of the Field 


An Ecological Atlas of Giassland 
Plants By J Philip Grme and 
Phiip S Lloyd Pp 192 (Edward 
Arnold London, 1973) £6 


Teus book collates data from an inten- 
sıve survey of grassland sıtes ın the 
Sheffield region of Northern England 
The authors adopt an autecological 
approach to vegetation, so that the 
book tends to be an analysis rather 
than a synthesis of grassland types 
For each of the ninety-four species 
considered an attempt is made to 
correlate distribution and frequency 


with a number of environmental 
variables 
The survey covered sixty-seven 


sampling sites in which a total of 630 m? 
quadrats were selected at random 
The sites included a variety of geo- 
logical substrates, including limestones, 
millstone grit and bunter sandstone 
Within each quadrat a "frequency" 
value was obtamed for each species, 
being the percentage of 10 cm x 10 cm 
subunits m which the species was found 
rooted These data form the basis 
for the analysis of the requirements of 
the individual species which comprises 
the bulk of the book 

Summaries of the data available for 
each species are set out most clearly in 
the form of tables (covering pH varia- 
tions on the various geological sub- 


strates), histograms (showing species 
constancy against surface pH and 
slope) and whole page ordination 


diagrams in which species frequency is 
shown on aspect/slope axes These dis- 
play a great deal of information in a 
visual form which 1s very easy to inter- 
pret The book is thus not an atlas in 
the conventional sense of demonstrating 
spatial distributions of species, but it 
does construct spatial models which 
illustrate ecological preferences and 
limits 

Perhaps the greatest weakness of this 
book 1s its title, which possesses encyclo- 
paedic, authoritative overtones not justi- 
fied by its cantents Although the grass- 
land survey is intensive, it 1s limited in 
its geographical extent As a result one 
must be extremely cautious ın applying 
its findings to other parts of the 
country For example, Viola hirta 1s 
recorded as a species of southerly 
aspect by thus survey This may be true 
in the Sheffield area, where this species 
of southerly geographic&l distribution 
could be under climatic stress In South- 
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east England it is commoner on 
northerly aspects Again, the conclusion 
that Hypochoeris radicata ıs confined 
to base rich, calcareous soils does not 
appear to apply to the distribution of 
this species on the North Downs of 
Surrey and Kent where it often indicates 
the presence of acidic deposits of clay 
with flints over the chalk 

Grime and Lloyd neglect the con- 
sideration of general height of vegeta- 
tion as a microclimatic determinant for 
species of small structure Often this is 
as important as aspect 1n controlling the 
distribution of such species Could the 
fact that Medicago lupulina (a prostrate 
species) 1s restricted to southerly aspects 
in the survey simply reflect the prepon- 
derance of short turf vegetation on 
south facing slopes? 

This volume contains an abundance 
of interesting information on the 
behaviour of grassland species in the 
Sheffield area Its application in other 
areas should be undertaken with con- 
siderable care PETER D Moore 


Introducing the 
Hamiltonian 


Advanced Molecular Quantum Mech- 
ancs An Introduction to Relativistic 
Quantum Mechanics and the Quantum 
Theory of Radiation By R E Moss 
(Studies in Chemical Physics) Pp xvı+ 
300 (Chapman and Hall London, May 
1973) £590 


THE scope of this book 1s conveyed less 
accurately by the title than by the sub- 
titte—An Introduction to Relativistic 
Quantum Mechanics and the Quantum 
Theory of Radiation The reader 
interested ın advanced non-relativistic 
theory should therefore be warned that 
he will find no discussion of the general 
area of many-electron quantum 
mechanics or of theories and techniques 
for calculating electronic wavefunctions 
That being said, Dr Moss 1s to be con- 
gratulated on producing a timely and 
outstanding monograph in its field 
The book ıs concerned almost exclu- 
sively with the establishment of the 
many-particle Hamiltonian, including 
all the “small terms” arising from elec- 
tron and nuclear spins and internal and 
applied fields—terms whose effects are 
nowadays measured with considerable 
precision by electron and nuclear reso- 
nance techniques The relativistic origin 
of such terms 1s imperfectly understood 
by many of the chemical physicists who 
take their existence for granted, so also 
1s the quantum field theory needed for 
a proper treatment of the interaction 
between a molecule and the radiation 
field An acceptable treatment of this 
area, in the form of æ self-contained 
and up-to-date monograph, was lack- 
ing this text flls the gap admirably 
The reader 1s assumed to have a know- 
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ledge of elementary non-relativistic 


quantum mechanics of which he 1s- 


reminded in the first ten pages The 
next five chapters contain a fairly 
detailed account of all the matrix 
algebra, classical mechanics, relativity 
and electromagnetic theory needed in 
the second half of the book Brief but 
clear explanations often replace a 
rigorous discussion, but those who find 
the account a little terse (relativity 
theory in fourteen pages) will find 
themselves easily persuaded, and better 
equipped, to consult the references 

The next part of the book contains 
an introduction to relativistic wave 
equations, a good account of the Dirac 
equation and its reduction to Pauli 
form, a simplified discussion of the 
Breit equation and its Pauli form for a 
many-electron system, and finally the 
introduction of nuclei to give the full 
“molecular Hamiltonian" Unfortu- 
nately, the link between this Hamiltonian 
and the effective or phenomenological 
Hamiltonian used by  spectroscopists 
receives very little attention The only 
application 1s a chapter on the relati- 
vistic theory of the hydrogen atom 

The two remaining chapters contain 
a simple and well-written introduction 
to the quantization of the radiation 
field and its inclusion in the Hamil- 
tonian, leading to the theory of absorp- 
tion and emission 

Important features are the use of SI 
units throughout and the high standards 
of accuracy achieved in reproducing 
elaborate equations, much checking 
revealed remarkably few errors or mis- 
prints The quality of production is 
high and the book deserves to become 
a standard reference ın its field 

R McWEENY 


The Natural Balance 


Ecology By Robert E Ricklefs 
x+ 861 (Thomas Nelson 
September 1973) £395 


THOSE concerned with the conservation 
of our forests may well be worried by 
the present plethora of books on the 
environment and ecology It is difficult 
to conceive of a population crash, but 
one might perhaps.hope that competi- 
tion may slow down the reproductive 
rate M 

Ecology 1s becoming a word so broad 
in meaning that it 1s difficult to guess 
what a book on this subject might cover 
The present work ıs particularly broad 
in approach, covering As it does subjects 
as diverse as perception, time sense, basic 
properties of the physical environment 
(these as’ separateechapters 1n a part en- 
titled “Ecology gf Organisms | Physical 
Environment”) One aspect which it 
does not emphasise greatly 1s the effect 
of man pollution, and so forth The 
work starts by showing how easily and 
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unknowingly man can upset the environ- 
ment, but the book 1s for the biologist 
not the environmentalist, and the matter 
1s not laboured 

Apart from the perhaps over-broad 
approach, the most unusual aspect of 
the book 1s the large amount of space 
devoted to evolutionary aspects of 
animals and plants Too many books 
on ecology tend to ignore the evolu- 
tionary aspects of the subject, but this 
work emphasises them strongly The 
author divides the book into eight parts 
encompassing forty-six chapters, and of 
these, three parts and sixteen chapters 
are about evolution 1n its broadest sense 
(the parts are called “Natural Selection 
and Adaptation", "Ecological Genetics 
and Evolution", "Genetics of Popula- 
tons" While I warmly welcome the 
approach that evolution and ecology are 
closely interwoven, some of the subject 
matter in these chapters 1s again perhaps 
rather far from the title of the book 
(for example, a chapter on the rate of 
evolution) 

The other parts cover ecology of 
organisms, biological environment, 
ecology of populations and ecology of 
communities The first of these three 
covers predator and prey relationships 
and competition, as one might expect, 
but also covers social environments and 
sexual relationships (including courtship 
and territory), together with a chapter 
on the social insects The part on 
populations covers population regula- 
tion, predator-prey interactions, and 
evolutionary responses The part on 
communites deals with community 
ecology, energy flow in ecosystems, rela- 
tive abundance of species, and species 
diversity 

The book is clearly written, based 
around the numerous examples There 
1s an abundance of clear text figures 
and photographs, including a particularly 
pleasing 20-page section of photographs 
of the vegetative communities of the 
world There are nearly 40 pages of 
references which should enable almost 
anyone to make a start on the literature 
on any of the subjects covered The 
index 1s well done, though I should have 
liked it to include the names of the 
authors cited There 1s relatrvely little 
mathematics ın most of the book, though 
it appears in the chapters on population 
regulation, competition and predator- 
prey interactions, it should seldom pre- 
vent the general reader from under- 
standing the subject 

The general reader will, however, find 
the work rather long, nevertheless, by 
selecting those chapters of particular 1n- 
terest he should be able to get a good 
understanding, of the subject The 
student wishing to get a broad under- 
standing of the life of whole organisms, 
especially animals, will find a great deal 
of interest in this work 

C M PERRINS 
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Conferences in Russia ? 


SIR,—Two events occurred this summer 
which, taken together, should be of par- 
ticular concern to geneticists, as well as 
many other scientists On July 16 the 
Supreme Soviet deprived Dr Zhores 
Medvedev of his Soviet citizenship, thus 
preventing his return from Britain 
to the USSR On August 23 ıt was 
announced at the 13th International 
Congress of Genetics at Berkeley, Cali- 
fornia, that the International Genetics 
Federation had recommended that the 
next International Congress should be 
held in Moscow in five years time 

Dr Medvedev’s reputation 1s based 
both on his scientific research and his 
courageous attempts to expose some of 
the defects in the organisation of 
science in the Soviet Union His sole 
purpose throughout has been to help 
eradicate these defects One of his 
books! provides a detailed history of the 
Lysenko period, when a deliberate and 
systematic attempt was made to kill the 
science of genetics This book has not 
been published in the Soviet Union, and 
many supporters of Lysenko still hold 
influential positions 1n biology Another 
book? deals with the dffficulties he and 
other Soviet scientists have had in trying 
to communicate with or visit their col- 
leagues in other countries, and with the 
problems of censorship This book has 
not been published in the Soviet Union 
either, and there 1s every indication that 
the situation ıs now worse than 1t was 
when Dr Medvedev described it 1n 1970 
By publishing these books in the West, 
he has brought to light facts which are 
unpalatable to the Soviet government, 
and it 1s certainly for this reason that 
he was deprived of his citizenship 

Scientists should support Dr Med- 
vedev in his struggle to break down the 
barriers to communication, but they 
should not assume that attending meet- 
ings or congresses within the Soviet 
Union necessarily provides such support 
It 1s essential to realise the hypocrisy of 
the official Soviet attitude to free 
exchange of scientific 1deas and infor- 
mation In effect, the Soviet Union has 
for many years imposed a boycott on 
numerous scientific meetings or con- 
ferences outside Eastern Europe Any- 
one who has organised tonferences in 
the West and has invited a Soviet 
scientist to participate knews that the 
invitation will often be either refused or 
ignored If it 1s accepted, 1n most cases 


the scientist does not in fact come to the 
conference In many instances this has 
caused considerable confusion and has 
prevented some other well qualified 
scientists from participating 

Under these circumstances, why 
should one take seriously the attempt by 
the Soviet organisers to bring about 
exchange of information between 
scientists at an international congress 
in Moscow? Furthermore, why should 
other Genetical Societies collaborate 
with the Society organising the Moscow 
congress (N I 'Vavilovs All-Union 
Scientific Society of Genetics and 
Selection) when that body has not pro- 
tested against the exile of one of its best 
known members, who has done so much 
to reinstate genetics as a real science in 
the Soviet Union? 

I beheve that geneticists should 
attend the congress in Moscow only if 
the following conditions are fulfilled 
(1) The Academy of Science of the 
USSR must guarantee that there will be 
no restriction to participation on poli- 
tical or any other non-scientific grounds 
(Unfortunately the verbal statement to 
this effect by the Soviet delegate at the 
International Federation meeting at 
Berkeley 1s not an adequate assurance ) 
(2) There must be some evidence within 
the next few years that Soviet scientists 
who are invited to conferences in the 
West will be allowed to attend (3) Dr 
Medvedev's citizenship must be restored 

Following the decision at Berkeley, 
I think ıt 1s very important to find out 
whether geneticists ın countries outside 
the Soviet Union share or disagree with 
my point of view, and I would therefore 
welcome letters which express a clear 
opinion on this matter 

Finally, I must make it absolutely 
clear that although Dr Medvedev and I 
are collaborating ın ageing research in 
the Genetics Division of this Institute, 
this letter was written entirely on my 
own initiative, and he is in no way 
responsible for any part of 1t 


Yours faithfully, 
RoBIN HOLLIDAY 


National Institute fo» Medical Research, 
The Ridgeway, 
Mill Hill, London NW7 14A 


1 Medvedev, Zh A, die *Rise afd Fall of 
T D Lysenko, trans by Prof I M 
Lerner (Columbi& *University Press, 
New York, 1969) 

2 Medvedev, Zh A, The Medvedev Papeis, 
trans by Vera Rich (Macmillan, 
London, 1971) 


Our correspondent, W H McC, writes 


S1r,—In the London telephone directory 
there are some tens of thousands of en- 
tries having the first initial H and a 
similar number having a second initial 
W, and there are over a hundred entries 
with the name Davenport There is, 
however, as it happens, precisely one 
H W Davenport Here, for the satis- 
faction of the H W Davenport who 
wrote (from Michigan unfortunately) 
the letter you published in Nature (245, 
111, 1973) 1s a case where “three doubts 
make a truth” 

In the sentence he quotes from my 
notice, as I had stated, “item” has a tech- 
nical meaning assigned by Sturrock in 
the work I was reviewing So the quoted 
sentence has a more sophisticated signi- 
ficance than appears when it 1s taken out 
of context Nevertheless the result is 
basically the same as the probability of 
identifying someone by name and 
initials I did, in fact, comment that the 
result was expected but that Sturrock's 
quantitative illustration was highly 
interesting 


Paperback Polymorphism 


Six, —I find to my astonishment that I 
have three copies of the Dover paper- 
back edition of R A Fisher’s The 
Genetical Theory of Natural Selection 
The books are identical in every respect 
except that the cover of one is green 
another red, and the third grey—colours 
which contrast conspicuously and which 
perhaps are responsible for my having 
madvertently bought three copies 
Fisher himself was deeply interested in 
the theory of genetic polymorphism, 
and no doubt would have been delighted 
to hear that the polymorphism in the 
paperback edition of his classic work 
had possibly affected its sales It would 
be interesting to know if by producing 
the same book with different coloured 
covers affects the search image of a 
potential purchaser in such a way as 
to increase sales 


Yours faithfully, 
i D F OWEN 


Department of Anımal Ecology, 
University of Lund, 
Ecology Building, S-22362 Lund 


Anomalous Water 


Sm,—The note on the ‘Nature of 
“Anomalous Water"" by B V Der- 
jagun and N V Churaev! is not con- 


344 


vincing Many observations reported by 
Derjaguin’s school cannot be accounted 
for by the presence of minute amounts 
of impurities Thus, density, viscosity, 
and heat conductivity of anomalous 
water as given in Zssledovanyya v 
Oblastı Povei khnostnykh Sil (Studies on 
Surface Forces? deviate from the cor- 
responding properties of ordinary water 
so much that no traces of impurities 


Obituary 


such as silica can explain the deviation 
The protracted error immortalised in 
scores of publications can be due only 
to psychological (self-deception), not to 
chemical causes The ‘anomalous’ 
water belongs to the category exempli- 
fied by the N rays of Blondlot? 


Yours faithfully, 


Jacos J BIKERMAN 


NATURE VOL 245 OCTOBER 12 1973 


15810 Van Aken Boulevard, 
Cleveland, Ohio 44120 


1 Derjaguin, B V, and Churaev, N V, 
Nature, 244, 430 (1973) 

2 Issledovaniya y Oblast: Poverkhnostnykh 
Sif (Studies on Surface Forces), 3, 31, 
44 (Moscow, 1967) 


3 Blondlot, R, N Rays (Longmans, Green 
and Co , London, 1905) 





Professor N. K. Adam 


NEIL KENSINGTON ADAM, FRS, who died 
m Southampton on July 19, was born 81 
years ago, son of Dr James and Mrs 
Adela Marion Adam of Cambridge, 
and eldest of a family of three—his 
brother Arthur died in the 1914-18 war, 
his sister Barbara (Lady Wootton) 
survives him After attending Win- 
chester he went to Trinity, Cambridge, 
of which he later became a Fellow 
(1915-23) From Cambridge he under- 
took wartime chemical service with the 
Royal Naval Airships Service But it 
was in 1921 that he commenced his 
distinguished researches into insoluble 
monomolecular surface films, being 
awarded in that year the Royal Society’s 
Sorby Research Fellowship at Sheffield 

Inspired by Langmuir's earlier work, 
he (with G Jessop) designed and built a 
series of surface pressure balances 
capable of measuring to about 0 01 dyne 
em (1075 N m7), using the simplest of 
materials a brass trough, waxed glass 
strips, phosphor bronze wire, a glass 
pipette, an optical lever and a ruler 
Another eminent surface chemist has 
aptly described this as “measuring mole- 
cules with a metre stick” During the 
1920s and early 1930s he was responsible 
for a long series of Royal Society papers 
documenting the surface behaviour of a 
very wide range of amphipathic 
insoluble monolayers He was thus 
able to explore a new two-dimensional 
world with its own equations of state, 
analogous in many ways to three-dimen- 
sional solids, liquids and gases, but with 
some intriguing differences The 
extension of this work to biological 
materials, eg sterols, enabled him in 
1929, with O Rosenheim, to provide 
powerful evidence in favour of the 
cyclopentenophenanthrene „structure of 
cholesterol, a view further supported by 
Bernal’s X-ray analyses at about the 
same time N K’s tenure at Sheffield 
culminated in the appearance of the 
first edition of The Physics and 
Chemistry of Suifaces which, besides 
chronicling the whole «subject of in- 
soluble monolayers, dealt with most 
other aspectseof interfacial chemistry 
and physics 


After Sheffield, he moved to London 
to work at University College on the 
then new subject of colloidal electrolytes 
which later became the basis of modern 
detergents During this period he was 
chiefly concerned with the surface pro- 
perties of solutions of pure anionic and 
cationic surface active substances and 
their relationship to micelle formation 
Nevertheless, monolayer studies, parti- 
cularly of biological materials, such as 
sterols, oestrogens, celluloses and pro- 
teins, were continued by a succession of 
students whose names became familiar 
in the surface chemistry and biology 
journals In 1935 he was elected FRS 
The second edition of The Physics and 
Chemistry of Surfaces, which was almost 
a complete re-write, appeared at the 
end of the University College period, 
and he moved to Southampton in the 
autumn of 1937 

The situation at Southampton, not yet 
a university, was very different from 
that at University College, where Don- 
nan had been Head of the Chemistry 
Department, with Ingold occupying the 
chair of Organic Chemistry Freundlich 
was also there N K found himself 
Head of a department with two lec- 
turers, one assistant lecturer, two demon- 
strators and a research assistant occupy- 
ing premises which included two huts 
from the 1914-18 war Within two 
years war had come again, and although 
the college escaped with comparatively 
httle damage, the problems of maintain- 
ing the department ın a city that received 
so much of the enemy's attention are 
difficult to overestimate Nevertheless 
he took a leading part in the ARP 
activities, such as fire watching and gas 
detection, and yet found time to get the 
third edition of Physics and Chenustry 
of Surfaces published in 1941 After 
the war, with the growth in demand for 
university places, N K was preoccupied 
with planning new ac€ommodation for 
the Chemistry Department and became 
more and more involved in college ad- 
ministration leadiag up to the granting 
of university status in 1952 He was 
Dean of the Faculty of Science for many 
years, and of*this period he wrote that 
administrative chores were “time con- 
suming, though not always uninterest- 


ing” Just before his retirement in 1957, 
he published a second textbook, Physical 
@hemistry, written with the same clarity 
and accuracy that were characteristic of 
the earher Physics and Chemistry of 
Surfaces 

Having detailed, very inadequately, 
his academic life, one has only told part 
of the story of this very remarkable man 
His dedication to the task in hand, 
whether ıt be planning for a new labora- 
tory, preparing a lecture, or adjusting 
the tappets of his car (which was new 
m 1934 and lasted almost to the end of 
his lıfe), his addiction to "do-it-your- 
self", which extended into the labora- 
tory , his abhorrence of pretension and 
insincerity , his fiery temper, his sense 
of fun , his kindness and sensitivity , his 
generosity , his love of music, his 
passion for ducks—all these endeared 
him to those who enjoyed his friendship 
and now mourn his passing His wife, 
Winifred, whom,he married 1n 1916, and 
with whom he shared so many of his 
interests, and their son Arthur, survive 
him—their daughter Jean (Mrs Adams) 
died several years ago 

The funeral service, conducted 
according to the practices of the Church 
of Christ, Scientist, had a simplicity that 
was entirely appropriate to everything 
that N K had stood for 


Addendum 


In the article “Effect of Commensal 
Hydroids on Hermit Crab Competition 
in the Littoral Zone of Texas” (Nature, 
241, 139, 1973) by H O Wright, the 
author has informed us that the name of 
the junior author and the acknowledg- 
ments were inadvertently omitted from 
the revised manuscript G A Matthews 
should have beenelisted as junior author 
and the acknowledgments should have 
read as follows “Part of the background 
work was performed by S Brunenmeister, 
C Shaw and other University of Houston 
students We thank C Hand for suggest- 
ing the problem, based on an old personal 
communication by M Burkenroad " 
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Calculator convenience, 


* 


computer facilities 


Calculators are undeniably easy 
to operate: you enter the data, 
select the operation, and the 
machine gives the answer. With a 
normal computer you have to have 
everything perfect to start with — 
otherwise all you get is an error 
message. 


The WANG 2200 is a calculator , 


with all the facilities of a computer: 
a programming language — BASIC, 
peripherals, lots of storage. It is self- 
contained and modular — you can 
start with a low-cost system and 
add storage and peripheral facilities 
as you need them. 























The statistics calculator 
with "BASIC" 


We made the WANG 2200 easy 
to use. Programming is in BASIC, 
the simplest, most understandable 
language there is. You input a 
BASIC word with one single, silent 
keystroke. You see the calculation 
progressing on the screen, you 
check, correct, and learn more 
about your program. Any error is 
marked by a coded arrow. 


The BASIC is standard Dartmouth, 
so most existing programs will work. 


And WANG supplies a range of 


WANG ‘2200 
Calculator and Data 


Processing System 


statistical, mathematical and tech- 
nical programs free of charge. With 
the peripherals available you can 
build the system you need. 


Up to 32K of computing 
power 


The WANG 2200 has up to 32K 
bytes of program storage. Disk 
storage for 5 million characters is 
available. And if necessary, it can 
be used as a terminal. Whatever 


power your problem needs, the 
WANG 2200 can provide it. 


Plus alphabet work 
Any computer can work with 


numbers. The WANG 2200 proces- 
ses letters and symbols too. 
Wang, the specialists in 
scientific calculators 

Wang laboratories have been 
making electronic calculators for 
more than ten years. We made 
many of the innovations that made 
programmable calculators possible, 
gave them peripherals; increased 
their power. 
WANG calculating systems are 
sold and serviced in more than 
40 countries. 


| WANG ELECTRONICS Ltd. Dept. N1l 
] Olympic Way, 

| Wembley Park, Middx. 

| Tel. 01/9038755 

| The Wang 2200 interests me. Please 
[ ] send complete documentation. 

| [ ] arrange for demonstration. 

| Name 

| Position e 

| Institution * 

| Address a. e = 

| "iU 


| Satellite 








| | South African 
Journal of Science 





The South African Journal of Science is the only publication of its kind to report in depth on th ti 
of all the sciences in Southern Africa. Established 1903 and published monthly. Reports in 1973 lncides- ge 


PHYSICAL SCIENCES 

tracking—Radio observation of 
Scientific satellites and space probes in South 
African—HEWITT 

Geochemistry—Some carbonate members of 
the nama group, South West Africa—GERMS 

Protein modification—Chemical methods for 
changing the solubility and biological activity of 
insulin and other proteins-—-SUTTON 

Elementary particles—Radiative decays of 
pseudoscalar mesons—VAN DER MERWE 

Planetary physics—Did lunar capture pre-date 
2.2. aeons ?—ERIKSSON and TRUSWELL 


BIOLOGICAL SCIENCES 


Estuarine ecology—The interdependence of 
marine and estuarine ecosystems—H EYDORN 


Subscription price : £6.00 (UK and Europe) ; $15.20 (USA and Canada) ; R12.00 (RSA) 


Subscription orders should be sentto: Subscription Department, P.O. Box 31 487, Braamfontein, Johannes- 
burg, South Africa. Inspection copies sent on request. Published by Macmillan South African (Publishers) 


(Pty) Ltd. 



















Edited bv J. Richard Gorham 
Ten contributors 


Contents: The History of Natural History in 

Paraguay 

The Geography of Paraguay 

The Climate of Paraguay 

The Paraguayan Chaco and its Rainfall 

Reflections on the Geology of Paraguay 

The Conditions of Animal Life in 
Paraguay 

The Snails and Mussels of the State of 
Guaira, Paraguay 

The Ecology and Control of the Leaf- 
cutting Ants of Paraguay 


Guayaki Mythology 
Colonization and Agriculture in the 
Paraguayan Chaco 
The People of Paraguay: Origin and 
Numbers 
Indian Tribes of Paraguay 
Human Nutrition in Paraguay 


Cloth, 81/2 x 11, 296 pages, 40 photographs 
ISBN 0-913570-03-6 e 
U.S. $16.00 . 


|, Academy of the Aits and Sciences of the Americgs, 
P.O. Box 585, Coconut Grove; Florida 33133 USA 


Some Plants and Animals in Guarani and : 
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Water analysis—Application of algal bioassays 
in eutrophication analysis—TORRIEN and 
STEYN 

Whales—Observations on the birth of a sperm 
whale — calf—GAMBELL, LOCKYER and 
ROSS 

Giraffe-—The capture and 
giraffe—LANGMAN 

Cancer—Primary liver cancer in man as a possible 
short duration seasonal cancer—PURVES 


GENERAL 


Ergonomics—The environmental problems of 
man in South Africa--WYNDHAM 

Archaeology—The ancient pigment mines of 
Southern Africa BEAUMONT 










immobilization of 




























BACK VOLUMES OF 
SCIENTIFIC PERIODJCALS 


We are always interested in buying your collections of 
duplicates of Scientific, Technical and Medical Journals at 
the highest prevailing prices. Please send us your lists. of 
surplus journals, which will receive our immediate attention. 


We are Distributors of Back Issues of Journals including 
Pergamon Press Journals and many other Publishers. We 
invite you to write in for our regularly issued Bulletins and 
Catalogues and should be pleased to be of assistance in 
your acquisitions. 

BUMPUS HALDANE & MAXWELL LTD. 


Back Issues Department 
4 Midland Road, OLNEY, Bucks, England. Tel. Bedford 711529 




























A new series from the Soviet Union (in Russian) 
‘ADVANCE TECHNICAL BRIEFS’ 
24 issues p.a. 


VIROLOGY 
Ref. 72362 






Annual sub, £3.30 


PESTICIDES 

R Ref. 72402 Annual sub. £2.90 
CHEMISTRY OF WATER 
Ref. 72418 Annual sub. £4.58 


BIOCHEMISTRY OF MICROORGANISMS 
Ref, 72387 Annual sub. £5.35 


Send for* 974 catalogues of Soviet technical & scientific journals. 


Denington' Estate, : 
WELLINGBOROUGH, Northants. 
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Classified Advertisements 


CONDITIONS All advertisements will only 
be accepted on the condition that the advertiser 
warrants that the advertisements do not in any 
way contravene the provisions of the Trade 
Descriptions Act [968 ind the Race Relations Act 
1968 The Publisher also reserves the right to 
refuse, amend, withdraw or otherwise deal with 
all advertisements submitted to him at his absolute 
discretion and without explanation All advertise- 
ments must comply with the British Code of 
Advertising Practice 

The Publishers will not be liable for any loss 
occasioned by the failure of any advertisement to 
appeir from any cause whatever, nor do they 
accept liability for printers’ errors, although 
every care is taken to avoid mistakes 
Semi-displayed £750 per single column inch 
Minimum £4 50, each additional 1/10th of an inch 
75p Full page £202 00 Half page across £106 00 
25p is charged for the ie-direccion of replies to 
advertisements with a box number 
ADVERTISEMENTS SHOULD BE ADDRESSED 
TO T G Scott and Son, Limited. | Clement's Inn, 
London, WC2A 2ED Telephone 01-242 6264 
Telegrams Textualist, London, WC 2 





APPOINTMENTS VACANT ' 


Electronic 
Engineer 


UNIVERSITY OF GUELPH 


Applications are invited from persons 
interested 1n the maintenance of electron 
microscopes and ancillary electronic 
apparatus Experience in electronics and 
electron microscope maintenance 1s 
essential 


This position will involve major main- 
tenance of seven electron microscopes, 
part-time teaching of practical electron 
microscopy and some service work 


Salary commensurate with qualifica- 
tions and experience The position will 
be available November 1, 1973 


Applications, together with resumé, 
should be directed to Dr J C Jordan, 
Chairman, Department of Microbiology, 
College of Biological Science University 
of Guelph, Ontario NIG 2W1 


(1062) 


ZOOLOGICAL 
RECORD 


The Zoological Society of London re- 


quires Recorders for the Zoological 
Record a bibliography of the world’s 
zoological literature Duties include 
scanning literature and indexing relevant 
material using a computer-assisted sys- 
tem 


Apphcants should possess a degree in 
Zoology Linguistic ability 1s preferable 
but not essential 


The post 1s based at the British Library 
(Lending Division), Roston Spa, York- 
shire Salary £1,409 on scale to £1,958 
after six years 


Apply in writing toe 


The Establishment Officer, 
Zoological Society of London, 
Regent's Park, : 
London NW1 4RY, 


not later than October 19, 1973 
(1121) 





Wanted 
Field Crop Scientist 


A Scientist with a M Sc ora Ph D , who has a broad interest and experience tn 


field crop problems 


Experience with the potato is almost essential since this is the major crop 
Other areas of activity are peas, beans and cole crops 


Acts as technical advisor on a large scale farming and contract farming operation 
Acts as a problem solver Must be able to confidently interpret and extrapolate 


information he gathers 


This man can talk directly to those now producing information on the subject 
in question and counsel management on optimization of results from various 


field crops 


Location—Eastern Canada Full range of company benefits with a fast-growing 
Canadian-based international food company 


Please write full details of education and work experience with record of 


earnings, to 
Attention: M Strong. 





HUDDERSFIELD 
HOSPITAL MANAGEMENT 
COMMITTEE 


Huddersfield 
Royal Infirmary 


Applications are invited for the post of 


McCain Foods Limited Florenceville, NB Canada, 


(1071) 


Basic Grade Biochemist 


at the above District General Hospital 


The Department ts well equipped 


and offers good opportunities for training 


The successful candidate would be encouraged to work for a higher 


qualification 


Whitley Council Conditions of Service 
(1) £1,566-£1,980 p a 
OR 


Probationary period 


depending on qualifications 


(11) £1,278-£1,980 pa 


Post-probationary period 
Salary scale 


£1,704-£2,370 pa 


Application forms available from the Group Secretary, 

Huddersfield Hospital Management Committee, St Luke’s Hospital, 
Huddersfield HD4 5RH Closing date for receipt of applications 

26th October 1973 





NATIONAL INSTITUTE 
OF AGRICULTURAL BOTANY 


RESEARCH ASSISTANT 


Applications arc invite for the post of rescarch 
assistant to carry out a detailed investigation of the 
causes of poorly filled grain in the cereal crop Can- 
didates should hold a degree in agriultaral botany, 
agriculture, or an equivalent qualificayon Some 
knowledge of statistical pro&dures would be an ad- 
vantage, The officer appointed may apply for his 
work oM the project to be @ogsidered by a university 
for a higher degrce 

Commencing salary £1,217 at age 21 up to £1,627 
at age 26 or over rising to a maximum of £2,567 per 
annm FSSU 

Application forms and further particulars may be 
obtamed from the Establishments Officer, NI AB 
Huntingdon Road, Cambridge CB3 OLE (1068) 


(1109) 


UNIVERSITY OF 
NEWCASTLE UPON TYNE 


RESEARCH ASSOCIATE 


Applications are invited for an MR C financed 
post-doctoral research post ın the Department of 
Dermatology for work on research into the endo- 
crine control of steroid metabolism of the skin 
Candidates for this post should have previous ex- 
perience in steroid biochemistry The appointment 
will be for onc year in the first instance, renewable 
up to a maximum of three years m all Salary in 
the range £1,929 toe £2,223 per annum 

Applications giving the names of two referees 
should be submitfed within 14 days of this advertise- 
ment to Professor S Shuster, Department of 
Dermatology, Royal Victoria Infirmary, Newcastle 
upon Tyne NE| 4LP, from whom further details 
can be obtamed if required (1102) 
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Pathologist 


Head of Department 


The Huntingdon Research Centre 1s 
the recognised international leader in 
contract research ın the life sciences 


We now wish to appoint a Head of 
Department to assume total responsibi- 
hty for all histopathology activities 


We are looking for a recognised leader 
in the field of Pathology Applicants 
should be qualified in either the medi- 
cal or veterinary professions, have some 
knowledge of comparative pathology 
and be able to maintain and expand 
high level contacts with the Huntingdon 
Research Centre's clients. Previous staff 
management experience will be advan- 


United Kingdom Active participation in 
scientific meetings will be deemed an 
essential part of the duties of the post 


The Centre 1s located in an attractive 
part of the country with good access by 
road and rail to London We offer excel- 
lent working conditions in modern, well- 
equipped laboratories The substantial 
initial salary underlines the importance 
of this position and 1s accompanied 
by suitable fringe benefits, including 
acar 


Please write or telephone for an 
application form to John Halliday, 
Personnel Officer, Huntingdon Research 


tageous since the successful Centre, Huntingdon, PE:18 
candidate will be respon- C. 6ES Telephone Woolley 
sible for one of the largest H.R. e | (STD 048 086) 431, 
pathology groups in the quoting reference no 269 


Huntingdon Research Centre 


(1092) 
































Dow 1s a world wide chemical company 
with sales around £800 million and an 
outstanding record of growth The 
European Division directs an extensive 
manufacturing and sales organisation 
throughout the Continent and UK from 
its headquarters in Zurich The UK 
company has production facilities in 
King’s Lynn and Barry, with sales 
offices in London, Wilmslow and 
Birmingham 


At King's Lynn the company 
manufactures plastics and agricultural 
chemicals, and also has the European 
Research Centre for Agricultural 
Chemicals 


The town itself 1s an active port 
situated close to the Norfolk Broads 
and holiday beaches A growing 
industrial centre, 1t offers economic 
housing, good schools, shopping and 
recreational facilities 


Registration 


Specialist 
for work throughout Europe 


We are lookmg for a man or woman to join our recently 
formed and rapidly expanding Agricultural Research Centre 
m King’s Lynn, which deals with research, development and 
introduction of new products 1n Europe and Africa. 


This ıs a challenging position with responsibility for the 
registration of new products and close contact with registra- 
tion authorities throughout Europe He or she will be in- 
volved in planning toxicological and environmental safety 
work, and drafting reports and professional opinions in 
support of the registration of a new product 


Candidates should have the following qualifications 

@ university degree in pharmacology, medicine or 
biochemistry 

@ experience in the registration of pharmacological, plant 
protection and veterinary products 

@ fluency in French, German and/or other European 
languages 1s highly desirable 













*Trademark of the Dow borg! 
Chemical Company " 


* The function 1s considered one of the most critical of our 
development efforts and consequently, offers an excellent 
salary level which ıs negotiable Benefits mclude contribu- 
tory pension scheme, BUPA membership and comprehensive 

° removal allowances 


Please writé for an application form quoting reference U 141, 
to D Prichard, Personnel Manager, Dow Chemical 
Company Limited, King’s Lynn, Norfolk 


(1113) 
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NORTH EAST LONDON 
POLYTECHNIC 


FACULTY OF SCIENCE 


ELECTRON 
MICROSCOPE TECHNICIAN T 5 


Applications are invited for the above post based 
at our West Ham Precinct, Romford Road, London 
E15 4LZ 

The successful applicant will be responsible for 
the day-to-day running of a new electron microscope 
suite in the Faculty of Science, organized by the 
Department of Biological Science The suite con- 
sists of one scanning and two transmission micro- 
scopes (Cambridge Stereoscan S4-10, A EI Corinth 
275 and Philhps 75), together with the usual ancillary 
facilities 

Salary on a scale rising to a maximum of £2,340 
per annum inclusive 

Please contact the Staffing Officer, Ref S/CF 122, 
Romford Road, London E15 4LZ, tel 01-555 0811, 
ext 31, for an application form for return by October 
25, 1973 (1131) 





THE UNIVERSITY 
OF LANCASTER . 


DEPARTMENT OF PHYSICS 


POST-DOCTORAL 
RESEARCH ASSOCIATE 


Applications are invited for the position of 
Research Associate to work with Dr P M 
Lee on a theoretical study of the ultrasonic 
properties of liquid 3He The work forms part 
of a project financed by the Science Research 
Council involving experimental measurement of 
ultrasonic. properties of 3He in collaboration 
with low temperature physics groups at 
Lancaster and Bedford College, London 
Candidates should have completed a PhD 
and preferably have experience in the area 
of the theory of liquid He The appointment 
is from October 1973 for two years Starting 
salary in the range £1,929 to £2,388 per 
annum 

Please send letter of application (two copies), 
including curriculum. vitae. and the names of 
two referees, to the Establishment Officer, Um- 
versity House Bairigg, Lancaster LAL 4YW, 
as soon as possible Closing date for applica- 
tions wil be October 19, 1973 (1106) 





EUROPEAN ORGA ATION FOR 
RESEARCH ON ATMENT OF 
CANCER (EORTC) 
INSTITUT JULES BORDET, BRUSSELS 


2 BIOSTATISTICIANS 

EORTC is seeking 2  biostaticians 
(Doctorate and Master level) interested in 
cooperative clinical trials in cancer Their task 
will be to advise on protocol design, to follow- 
up on-going studies, to assume quality control 
and to perform data analysis for the new 
therapies of cancer, and in general to deal 
with all aspects of statistics as applied to 
clinical and experimental medicine They will 
be also expected to carry their own research 
There exists excellent facilities at the Brussels 
University for such type of work libraries, 
computer centre, etc Knowledge of another 
European language is an asset but not essential 

Salaries will vary according to experience 

Write with curriculum vitae and references 
to Dr M Staquet, Institut Jules Bordet, 1 
rue Héger-Bordet, 1000 Bruxelles (Belgium)— 
tel (02) 38 57 90 (1108) 





UNIVERSITY OF MELBOURNE 
SOHOOL OF AGRICULTURE AND FORESTRY 


LIMITED-TENURE 
LECTURESHIP IN AGRONOMY 


Applications are invited for the above-mentioned 
position. commencing on or before January 1, 1974 
The appointee will be required 

() To assist with the teaching of undergraduate 
Students in the general area of crop and pasture 
Production, crop physiology and crop ecology 
(1) To develop research and supervise the training 
of postgraduate students in this area 

Qualifications Ph D or equivalent, and preferably 
some postdoctoral experience in teaching and/or 
research 

Salary range $A8,698 to $A11,982 per annum 

Period of Appointment Limited tenure of 2-3 years 
depending on commencement of appointment, but 
not beyond December 31 1976 

Details of application procedure, and conditions of 
appointment are available from the Association of 
Commonwealth Universities (Appts), 36 Gordon 
Square London WCIH OPF 

Applications close on October 31, 1973. (1123) 


THE UNIVERSITY COLLEGE 


University of Würzburg 


Federal Republic of Germany 


X-RAY GRYSTALLOGRAPHER 


Applications are invited for the position of head of a research unit for 
X-ray crystallography of Biopolymers to be established by the Deutsche 
Forschungsgemeinschaft at The University of Wurzburg 


Candidates must have proven ability and experience in the X-ray crystallo- 
graphy of protems The scientist needed for this position must be capable 
to independently plan and develop this unit and finally lead a team of X-ray 
crystallographers and biochemists 


The initial appointment will be for 5 years with the possibility of renewal 
for another 5-year-period Appointments will be made at an annual salary 
scale of approximately DM 45,000 


The Deutsche Forschungsgemeinschaft will provide funds for the personnel 
and the permanent equipment of the unit It will provide a yearly budget 
for research Modern laboratory space, workshop and adequate computing 
facilities are available 


Although the head of the unit need not be a citizen of the Federal 
Republic of Germany, some knowledge of German would be valuable since 
he should build up a training programme in X-ray crystallography of 
proteins 


Would interested applicants please write with fullest details to Professor 
Ernst Helmreich, Physiologisch-Chemische Institut der Universitat Wurzburg, 
87 Wurzburg, Koellikerstr 2 


(1138) 


SENIOR ENGINEER 


required by Wallop Industries Limited 


We are a small but expanding Company, the leading UK _ specialists in 
pyrotechnics We carry out research, design, development and manufacture 
of pyrotechnic devices for military and civil uses, mainly in the aerospace 
field 


We now have a need for a Senior Engineer to operate at 2nd line 
management level and whose task will be to integrate existing Drawing 
Office and Engineer teams — The successful applicant will be in the age 
range 35-45 He will be qualified as A M I Mech E or equivalent and will 
have had experience ın workshop, drawing office design and development, 
administration and Government Contract procedures Experience in tool 
design would be an advantage Good pay and conditions, excellent con- 
tributory Pension Scheme 


Please send brief career/education details to 


R. J. Hicks, Personnel Officer, 

Wallop Industries Limited, 

Nr. Stockbridge, Hants SO20 8DX. 

Tel. Wallop 456. dnd 





UNIVERSITY OF STIRLING 





X 











OF WALES DEPARTMENT OF CHEMISTRY 
ABERYSTWYTH In vitro analogies for the postulated cyclisation 
. of monocyche derivatives in sesquiterpene 
DEPARTMENT*® OF BOTANY AND biosynthesis 
MICROBIOLOGY Applications are invited for an SRC POST- 






DOCTORAL RESEARCH _ASSISTANT 


to 


Applications are invited for the post of 
RESEARCH ASSISTANT to @ork on, the Role of 
Ethylene in Weed Seed D@rmancy, under the direc- 
uon of Dr M A Hall 

The appointment will cÉnfinence on or as soon as 
Possible after October 1, 1973 


Salary range £830 to £910 pe? annum 


Application forms obtainable from the Registrar, 
to whom they should be returned as soon as ictal 
(10 





work in collaboranon with Dr J S Roberts 
and Professor W Parker The appointment 
will be for one year, tenable from October 1, 
*1973, at a salary of £1,929 per annum plus 
FSSU 

Applications, ‘accompanied by a brief cur- 
riculum vitae and the names of two referees, 
should be sent to the Secretary (NAT), Uni- 
versity of Stirling, Stirling, «s soon as pos- 
sible (1098) 
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Training 
Opportunity 


m the 


PHARMACEUTICAL INDUSTRY 


We are looking for a TECHNI- 
CAL TRAINING ASSISTANT 
who will be involved in devising, 
controlling and participating m 
training courses for our sales 
staff Additionally there will be 


The desirable background is a 
degree in a biological science 
with some teaching or lecturing 
experience, although any candi- 
date 1n the age range 24-30 with 
less to offer will be considered 


considerable research and infor- 
mation activity 


The position offers a worthwhile 
career step for the confident, 
communicative person who has 
high intelligence and an eye for 
detail 


The salary will be up to £2,000 
with attractive fringe benefits 


Applications stating how you 
meet our needs and the reason 
for your interests to 


The Personnel Manager, 
SCHERING CHEMICALS LIMITED, 


Burgess Hill, Sussex. 
(1117) 











Statistician/ Programmer 


for Medical Research Council 
in Edinburgh 


Applicants should have a degree in statistics and some experience of, and 


an interest ın, computer programming A wide variety of medical and 
biological problems in data management and data analysis will be 
encountered, in the company of several other specialist statisticians Salary 
in the range £1,173-£2,073 


Applications in writing, giving full personal particulars and that of two 
referees, to the Administrative Officer, MRC Clinical and Population Cyto- 
genetics Unit, Western General Hospital, Crewe Road, Edinburgh EH4 2XU, 
by October 20, 1973 

(1103) 








BENTHIC 
ECOLOGIST, Ph.D. 


An immediate opening exists for a Benthic Ecologist to 

participate ın an interdisciplinary academic res@arth 

programme, USA -based Candidates are expected to 

participate in interdisciplinary research courses Should 

be capable of independent work — Salgry commensurate 
with experience © 


Send résumé stating date of availability ta e 
Box [073, T. G. Scott & Son, Limited, 
] Clement’s Inn, London WC2A 2ED. 


(1073) 





THE OPEN UNIVERSITY 


NUFFIELD 
LECTURSHIP(S) 
IN BIOLOGY 


One or more temporary Lectureships are available 
in the following areas Biochemistry, Genetics, 
Neurophysiology, Physiology, Evolutionary 
Biology The Lectureships are funded through 
a grant to the University from the Nuffield Founda- 
ton Successful candidates will participate in the 
planning and preparation of Open University 
nd and 3rd level Biology courses and in aspects 
of the department research programme Appoint- 
ments will be for one year in the first instance 
with the possibility of further renewal, and are 
likely to be made in the lower part of the Lecturer 
scale £1929-£4548 p a 


Details are available from The OPEN UNIVER- 
SITY (B2), PO Box 75, Milton Keynes, MK7 6AA 
(Tel Milton Keynes 74066 ext 3068) Closing date 
for applications. 26th October 1973 


(1087) 


UNIVERSITY OF NOTTINGHAM 


SCHOOL OF AGRICULTURE 
SUTTON BONINGTON, LOUGHBOROUGH 


ENVIRONMENTAL PHYSICS 
(a) RESEARCH ASSISTANT 


Applications are invited for a research assistant to 
work on the measurement and analyss of radiation 
and energy exchange at land surfaces Candidates 
should preferably have a higher degree and experi- 
ence in relevant aspects of meteorology, instrumenta- 
tion and computing. The work is supported by the 
Natural Environment. Research. Council and the post 
is tenable for three years at a starting salary of 
£1929 (73/96) 


(b) TECHNICIAN 


The Agricultural Research Council is supporting 
research on the effect of environmental factors on 
the growth of winter wheat Outputs from a wide 
range of sensors will be recorded on a computer- 
con.rolled data logger The successful candidate will 
be responsible for the construction, calibration and 
maintenance of instruments and for operation of 
the logger systems, including some programming 
Applications are invited from candidates with rele- 
van experience in instrument design, electronics and 
digital systems The appointment will be made up 
to the level of Grade 5 (1e starting salary £1,539 to 
£1,881) for a maximum of five years (73/97) 

Further information about both research projects 
mav be obtained from Professor J L Monteith, and 
application forms are available from the Secretary at 
the school (1084) 





NATURAL ENVIRONMENT 
RESEARCH COUNCIL 


INSTITUTE OF TREE BIOLOGY 


The Institute requires a PLANT PHYSIOLOGIST 
to work for three years in the first instance in root 
and bud initiation, in relation to the improvement of 
important tropical timber trees by vegetative multu- 
plication—a project being sponsored by the Overseas 
Development Administration 

Applicants should have at least two years post- 
graduate experience, preferably in some aspects of 
whcle-plant or hormone physiology Familiarity 
witt woody plants and glasshouse techniques would 
be an advantage 

The successful candidate would be based in Edin- 
burgh, with the possibility of short visits to the 
tropics 

The appointment worfld be graded Semor Scien- 
ufic Officer (£2,615 to £3,640) or Higher Scientific 
Officer (£2,076 to £2,667) according to qualifications 
and experience " 

Sarung date January 1974, or as soon as possible 
thereafter 

Application forms and further paruculars from the 
Director, Institute of Tree Biology, Department of 
Forestry and Natural Resources, Edinburgh Univer- 
a Kings Buildings, Mayfield Road, Edinburgh EH9 

Closing date November 8, 1973 (970) 
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CHEMISTS 
and 


LIFE SCIENTISTS 


for research and development 


Vacancies exist at various levels in Ministry of 
Defence research and development establishments 
located in the south of England 


Electronics/Bioelectronics/ 
Physiological Reseaxch 


Army Personnel Research Establishment, 
Farnborough a designand construction of new 
bioelectronic devices, development of new 
electronic techniques, modification of existing 
electronic measuring apparatus, b providing 
scientific and technical backing for the physiological 
evaluation of military clothing and prototype 
equipment, field trials in UK and overseas 
Appointment as Scientific or Higher Scientific Officer 


Chemical and Physico-Chemical 
Kinetics 


Chemical Defence Establishment, Porton Down 

a study of interaction of organic compounds with 
model and natural membranes 1n group concerned 
with biologically active compounds, b study of 
organophosphates contaming leaving groups and 
nucleophiles designed to detoxify organophosphate 
i in-vivo/in-vitro systems Scientific Officer 


Trauma Research 


Chemical Defence Establishment, Porton Down, 
concerned with research into certain aspects of 
trauma, involving inanimate models a investigating 
physical/physiological variables 1n production of 
open/closed injury and their influence on recovery, 
b assessing severity of trauma, correlating 
physiological/biochemical change with 
injury/recovery, extrapolate data to man 
Appointment as Higher or Senior Scientific Officer. 


Carbon Dioxide Toxicity 


Institute of Naval Medicine, Alverstoke Investigation 
into effects of extended human response to low levels 
of CO, , study of CO, toxicity and means of measuring 
physiological/biochemical parameters of interest 
Appointment as Higher or Senior Scientific Officer. 


Biochemical and Microbiological 
Research 


Microbiological Research Establishment, Porton 
Down a in Experimental Plant as Biochemical 
Chemist or Extraction Biochemist, b in Analytical 
Unit, providing centralised analytical service to 
research stations and taking control of Unit when d 
necessary Appointment as Scientific or Higher 
Scientific Officer 


Reaction Kinetics /Thermo-Chemistry 


Process Research Division, Chemical Defence 
Establishment, Nancekuke, Cornwall R&D of wide 
range of organic chemical reactions, investigating 
aspects of reaction kinetics and thermo-chemistry 
required for process optimisation Application of 
data to scale-up problems of chemical plantdesign , 
studies of alternative methods of synthesis, including 
feasibility of application to larger-scale preparations 
Appointment as Scientific or Higher Scientific Officer. 


Explosives (including forensic work) 


Royal Armament Research and Development 
Establishment, Sevenoaks Evaluation of commercial 
explosives, and examination of samples for 
inspection/customs purposes , application of 
scientific methods to forensic problems to do with 
explosives , research into new methods of chemical 
detection by vapour acquisition, research into 
electrochemistry relating to primary/secondary 
battery systems, Appointment as Higher or Senior 
Scientific Officer 


Electrochemistry 


Admiralty Engineering Laboratory, West Drayton 
Developing lead acid and high energy battery 
systems , study of electrode corrosion, evaluation of 
effect of charge/discharge regimes on performance 
of battery systems Senior Scientific Officer 


Welding/Casting/Corrosion 


Central Dockyard Laboratory, Portsmouth Work 
concerned with welding technology, ferrous and 
non-ferrous casting processes, corrosion technology, 
component failure analysis Chemical/mechanical 
metal-cleaning processes experience advantageous 
Appointment as Scientific or Higher Scientific Officer 


Metallurgy/Metallography 


Royal Small Arms Factory, Enfield Concerned with 
day-to-day running of Metallurgical Laboratory 
providing material/process control on quality and 
support service for design Controlling staff engaged 
in routine chemical analysis/radiography , 
undertaking all aspects of metallography and defect 
investigations Appointment as Scientific or Higher 
Scientific Officer 


A degree, HNC or equivalent in an appropriate 
subjectis essential For 550, Ist or 2nd class honours 
degree or equivalent, with at least four years’ 
postgraduate experience, and age normally under 
32 , for HSO, at least two years' postgraduate 
experience, and age under 30, for SO, age under 27 
Salary ranges are SSO, £2615-£3640 , HSO, 
£2076-£2667 , SO, £1318-£2177 


e 
For full details and an application form (to bè returned by 16 November 1973) write to 
Civil Service Commission, Alencon Link, Bagmgstoke Hants RG21 1]B Quoting ref 654/D/ 


Ministry of Defence SEE 
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Graduate 


Teratologist 


required for 
Pfizer Research Centre, Amboise, France 


The Pfizer Research Centre in Amboise was established in 1964 [t is situated 
in the Loire Valley, some 15 miles from Tours Ninety people are currently 
employed to conduct studies on long-term drug and food additives toxicity, 
carcinogenicity, teratology, reproduction, pharmacological and toxicological 
drug interaction and drug metabolism Significant expansion in terms of 
building, equipment and personnel! will take place during 1974 


The primary function of the Centre is the development of compounds 
stemming from Pfizer Central Research Laboratories in the US and the UK 
In consequence, collaboration and close contact with Groton (Connecticut) 
and Sandwich (Kent) is an essential part of the Centre's activities 


The teratologist we seek must have several years experience in the evaluation 
of drugs in teratological and reproduction studies and must be used to the 
evaluation and writing of reports for submission to regulatory authorities 


He must be reasonably fluent in French and able to write reports and 
correspondence in English 


The salary will be dependent upon qualifications and experience, and for the 
right person at least NF 4000 per month Fringe benefits include 13th 
month payment at year end, "participation" profit sharing scheme, four 
weeks annual holiday 


Applications, including fuil c v , publications, etc , will be treated in confidence, 
and should be addressed to 


í Dr H. Reinert, 
Director, 
Research Centre Pfizer, 
37400 Amboise, France 


(1130) 


IMMUNOCHEMIST 


For a multi-disciplinary team developing comprehensive 
radioimmunoassay systems of the highest quality 

The work should be particularly appealing to anyone wanting to 
direct his scientific efforts towards products for use in clinical 
determinations to aid diagnosticians 

In his late 20's and with a versatile approach to research and 
development the person appointed must be able to contribute 
significantly to the Company s whole programme in this field 

The starting salary will be within the range £2800- £3865 pa 
depending on qualifications and experience 

Please ring the Personnel Officer on Little Chalfont 4444 or write 


for an application form and further information uota 
 @ the Radiochemical Centre 
ve d dE 





Amersham . Bucks 


(1133) 


"22772 
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SENIOR 
EXPERIMENTS OFFICER 


Salary rising to £4,400 


STATES OF GUERNSEY 
HORTICULTURAL ADVISORY SERVICE 


Applications are invited for the post of 
SENIOR EXPERIMENTS OFFICER from 
science graduates with a knowledge of statis- 
ties and experience in research and experi- 
mental work, preferably in horticulture, and, 
more particularly, in glasshouse crops 


The successful applicant will be in charge 
of the Experiments Section of the Guernsey 
Horticultural Advisory Service experimenting 
mainly on the production of glasshouse vege- 
tables, cut flowers, and ornamental plants 


Contributory superannuation scheme 


Further details and application forms may 
be obtained from the Establishment Officer, 
Guernsey Civil Service Board, Grange House, 
@t Peter Port 
completed 


Closing date for 


November 3, 1973 


applications 
(1097) 


AGRICULTURAL RESEARCH COUNCIL 


Applications are invited for a Milk Marketing 
Board Fellowship to be held at the UNIT OF 
REPRODUCTIVE PHYSIOLOGY AND BIO- 
CHEMISTRY, Cambridge 


The work involved js a study of physiology of 
animal production and in particular the transfer and 
low-temperature preservation of eggs in cattle 


The appointment is tenable immediately and appli- 
cants should have a good Honours degree or a 
veterinary qualification, and salary would depend on 


experience and qualifications The post is not 
pensionable 
Applications should be submitted to the Unit 


Secretary at the Animal Research Station, 307 Hunt- 
ingdon Road, Cambridge CB3 0JQ (1095) 





MEDICAL RESEARCH COUNCIL 
RESPIRATORY PHYSIOLOGIST 


Applications are invited for an appointment 
(Scientific Staff scales) to join a group studying the 
function of the lungs in relation to the Jong-term 
effects of exposure to inhaled substances The team 
requires a member on the lung mechanics side who, 
as well as the fundamental aspects, 1s interested in 
the applications of respiratory physiology in environ- 
mental medicine Applicants should have a first or 
upper second class honours degree The post may 
suit a newly qualified PhD graduate 


Apply, giving details of age, qualifications, and 
the names of two referees, to Director, MRC 
Pneumoconiosis Unit, Llandough Hospital, Penarth, 
Glamorgan CF6 1XW (1116) 


PLANT ECOLOGIST 


Applications are invited from plant ecologists for 
a faculty position in the Department of Botany, 
University of Toronto The appointment can be 
made at any rank appropriate to the qualifications 
of the appointee at a salary between $12,000 and 
$20,000 per annum The starting date for the ap- 
pointment ıs July 1, 1974 


Please send curriculum vitae and the names of 


three people from whom references can be sought 
to Jack Dainty, Chairman, Department of Botany, 
University of Toronto, Toronto, Ontario M5S 1AI 
Canada, by December 31, 1973 


(969) 





THE HANNAH RESEARCH INSTITUTE 
BIOCHEMISTRY DEPARTMENT 
SCIENTIFIC OFFICER required to assist 
with work on the lipid metabolism of rumen 
micro-organisms Candidates should have a 
degree or HNC 1n Chemistry or Biochemis- 
try The appointment will have a starting 
salary within the range £1,318 to £2,177, 
according to age, qualifications and experience, 
with prospect of promotion to a higher grade 
Superannuation, for which a non-pensionable 
allowance of 5} per cent is added to salary 

to offset contributions 
Applications, ‘giving age, curriculum vitae 
and the names of three referees, should be 
forwarded to the Secretary, The Hannah Re- 
search Institute, Ayr KA6 SHL, by November 
1973 (1067) 
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AUSTRALIAN ACADEMY OF SOIENCE 
AUSTRALIAN ACADEMY OF THE 
HUMANITIES 


ACADEMY OF THE SOCIAL SCIENCES 
IN AUSTRALIA 


THE BOTANY BAY PROJECT 
Appointment of Academic Staff 


Post-doctoral, Research and Semor Research 
Fellows, Project Scientists, Senior Project 
Scientists and Seconded Staff 


Applications for imitial appointments to the 
research staff of the Botany Bay Project are invited 
from persons with suitable academic qualifications 
and with research experience preferably in the fields 
of public health, medicine, biology, chemustry, 
physics, civil, water and chemical engineering, 
economics, government and political science, law, 
sociology psychology, social welfare or geography 
Persons appointed will be responsible to the Project 
Director and will be expected to work in close 
association with each other and with others contribut- 
ing to the Project on a part-time or contract basis 
Full-time work on the Project will begin by January 
1, 1974, when the Director takes up his appointment 
Some research contracts have already been made 
and part-time work has been started It 1s hoped 
to make several full-time appointments early, 10 
1974 

The Botany Bay Project is a multi-disciplinary 
research project sponsored bv the Academies of 
Science, Humanities and Social Sciences and sup- 
ported by a grant to the Academies from the 
Australian Government It is intended to conduct 
enquiries over a five-year period to contribute to 
national urban environmental policy The Director 
of the Project is Professor N G Butlin, of the 
Australan National University 

Staff appointed to the Project wil be located 
either in Sydney in association with the University 
of New South Wales or 1n Canberra in association 
with the Australian National University Appoint- 
ment to research positions with the Project will 
normally be for three years with the possibility of 
extension to five years Most appointments made 
in association with the Australian National Univer- 
sity will be at the level of post-doctoral fellow, 
research fellow or senior research fellow Those 
located at the University of New South Wales will 
be appoinied as Project Scientists In certain cases 
appointments at other levels may be possible, par- 
ticularly where applicants may seek to be seconded 
for a period of time from existing positions 

Academic staff of the Project will be accordea 
academic privileges by either the Australian National 
University or the University of New South Wales, 
subject to the normal conditions of appointment at 
these universities Provision for superannuation will 
normally follow the pattern of the appointing Uni- 
versity but in certain cases other arrangements may 
be possible 


Salary ranges are as follows 
Australian National University 
Post-doctoral Fellow $88,698 to $A11,901 per 
annum (fixed) 
Research Fellow $A8,698 to $A11,901 per 
annum 
Senior Research Fellow $A12,778 to $A15,116 
per annum 
University of New South Wales 
Senior Project Scientist 
Grade I $A12,268 to $A13,084 per annum 
Grade II $413,492 to $414,308 per annum 
Project Scientist 
Grade I $A8,698 to $A10,106 per annum 
Grade JI $A10,575 to $A11,982 per annum 


(hese salaries will not necessarily be applicable 
where secondment 1s arranged In these circum- 
stances the Botany Bay Project will be prepared to 
pay normal employer's contribution to  exisung 
superannuation schemes of persons being seconded 
Further particulars of the Project are available 
from the Director, Botany Bay Project, Box 244, 
GPO, Canberra, ACT 2600, Australia 


Applications with a full statement of qualifications 
and experience and with the names of three referees 
should be directed to the Academic Registrar, 
Australian National University, Box 4, GPO, 
Canberra, ACT, 2600, Australia, or to the Bursar, 
University of New South Wales, PO Box 1, 
Kensington, IN SW , 2033, Australia 


Applicauons close on November 20, 1973. 
(1101) 





UNIVERSITY OF 
NEWCASTLE UPON TYNE 


DEPARTMENT OF INORGANIC AND ORGANIC 
CHEMISTRY 


RESEARCH ASSOCIATE 


Apphcations are invited for a post-doctoral post 
as Research Associate to dgvelop the use of the low- 
temperature matrix-isolation techniques in the photo- 
chemistry of organic molecules Applicants should 
have experience 1n organic chemistry, but no know- 
ledge of matrix isolation 1s negessary This appoint- 
ment will be for two years from October 1, 1973, or 
as soon as possible thereafter, in the salary range 
£1,929 to £2,223, with FSSU 

Applications should be sent to Professor J J 
Turner at the School of Chemistry, University of 
Newcastle upon Tyne, Newwcastle upon Tyne NEI 
7RU, from whom further details can be obtained if 
required (1096) 


Agricultural Development 
and Advisory Service 


SOIL SCIENTISTS 


Five Advisers for work which is conducted from 
Regional Centres situated in various parts of England 
and Wales Level of appointment according to age, 
qualifications and experience 


ADAS Soil Scientists, assisted by field staff, carry out 
experimental and survey work, in the field and in the 
glasshouse, on manuring, liming, trace elements and 
on improving the physical condition of the soil 
Duties include lectures to colleagues and farmers, and 
preparation of advtsory literature 

All candidates (aged at least 20) must have a degree, 
or an equivalent or higher qualification, in agricultural 
science, natural science or applied biology, with 
specialisation in soil science Ability to drive essential 
For the higher level posts, candidates should normally 
have had at least 3 years’ further relevant study or 
employment 

Salary Grade !li £2087-£3640, Grade IV £1402- 
£1925 Starting salary may be above the minima 
Non-contributory pension scheme Prospects of 
promotion 

For full details and an application form (to be returned 
by | November 1973) write to Civil Service Com- 
mission Alencon Link, Basingstoke, Hants RG2I 
1JB, or telephone BASINGSTOKE 29222 ext 500 or 
LONDON 01-839 1992 (24 hour answering service) 
Please quote S/8407/3 


Ministry of Agriculture 


Fisheries and Food 
(1061) 


. GLASGOW 
COLLEGE OF 


TECHNOLOGY 


Applications are invited for RESEARCH ASSISTANTSHIPS 


in the following departments — 


BIOLOGICAL SCIENCES 


to study biochemical aspects of insect development 


OPHTHALMIC OPTICS* 


to undertake research tn one of the following areas — 

Clinical Refraction, Binocular Vision, or an aspect of Physiological Optics One of the 

clinical problems ts concerned with an investigation of the correlates of errors of 

refraction . 

Research Asgistants are required to register for a research degree (MPhil/PhD) which 

normally means that they must hold an honours degree or its equivalent in an appro- 

priate discipline 

Starting salary in the range £910-£1094 with possible extension for exceptional 
. 


experience : . 


" *It may be possible to augment this salary from other sources 
e 


. 
Application forms and further particulars are avatlable fromeThe Director, Glasgow 
College of TechnologyNorth Hanover Place, Glasgow G4 OBA, to whom completed 
forms should be returned by October 22, 1973 duis 
. 
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Chief Scientist (Agriculture) 


Plant health and propagation 


This appointment carries responsibility for the direction 
and control of the Department's Agricultural Scientific 
Services Station at East Craigs, Edinburgh, which has a 
scientific staff of 100 and ts mainly concerned with 
plant health and the quality of plant propagation 


material 


The Chief Scientist will also contribute to the 
formulation of Departmental policy including the effect 
of entry into the EEC and act as scientific adviser in 
determining research and development programmes for 


agriculture 


management 


£7930 


Candidates, aged at least 35, should have a good 
honours degree tn an appropriate subject plus expertence 
in agricultural research and its administration and 


Non-contributory pension scheme ' 


Fuller details of this appomtment may be obtained by 
writing to the Scottish Office Establishment 
Division, Room 172, St Andrew's House, 
Edinburgh EH1 3BX, quoting reference $/8409/U 


Closing date 2 November 1973 


DEPARTMENT OF AGRICULTURE & FISHERIES FOR SCOTLAND 


Public Service Fonction publique 


Canada 


Canada : 


This competition is open to both men and women 


RESEARCH 


SCIENTIST 


Salary up to $16,055 


Environmental Management Services 
Glaciology Division 
Department of the Environment, Hull, Quebec 


Duties To conduct independent research into the physical and mechanical properties 
of avalanches, in particular the assessment of avalanche hazards, the prediction of 


avalanche events and measures for protection 





The research will be undertaken in 


cooperation with scientists from other agencies and will involve extensive periods of 


winter field work tn Western Canada 


Qualifications Include university graduation in physics, engineering glaciology or a 
related field at the doctorate level or at a lower level with a proven record of having 
carried out independent research equivalent to that required for a doctorate degree, 
extensive experience in avalanche research, satisfactory physical condition Knowledge 
of the English language is essential for this position 


Forward a detailed résume by November 9, [973 to — 
SCIENCES AND TECHNOLOGY PROGRAM 
PUBLIC SERVICE COMMISSION OF CANADA 
OTTAWA, ONTARIO KIA OM7 


Please quote reference number 73-110-64 in all correspondence 


Appointments as a result of this competition are subject to the provisions of the Public 


Service Employment Act 


MASSEY UNIVERSITY 
PALMERSTON NORTH NEW ZEALAND 


LECTURER/SENIOR LECTURER IN 
VETERINARY PHARMACOLOGY 


Applicants for this post 1n veterinary pharmacology 
would normally be expected to have a registrable 
veterinary qualification and should be experienced in 
the field of drug metabolism An applicant who 1s 
experienced in other aspects of veterinary pharma- 
cology would be considered A recent graduate with 
limited experience in applied. pharmacology might be 
offered an appointment within the Jower part of the 
lecurer range and be given the opportunity to under- 
take further study e 

Present salary scales (subject to regular review) are 
Lecturer $NZ6,335 to $NZ8,013  Semor Lecturer 
$NZ8,249 to $NZ9,723 (bar) $NZ10,606 

Applicants for a semor post would normally be 
expected to hold a higher degree or have equivalent 
research experience and be capable of supervising 
the work of postgraduate studenis 

Further details of the position and of the univer- 
sity, together with conditions of appointment, may 
be obtained from the Secretary-General, Association 
of Commonwealth Unnersities (Appts), 36 Gordon 
Square, London WCIH OPF, or from the Registrar 
of the university S 

Applications close, on November 15 1973 (1093) 


Natural Environment Research Council 
ý (1086) 





(1063) 





UNIVERSITY OF 
NEWCASTLE UPON TYNE 


CHAIR OF ENERGY STUDIES 


Applications are invited. for the Chair of Energy 
Studies, the establishment of which has been made 
possible by contributions from a number of bene- 
factors to the University through the University 
Development Trust The University intends to 
develop Energy Studies as a general academic disci- 
phne covering both the engineermg and economic 
aspects of energy resources and, uulzation The 
Chair will provide a centre for existing activities in 
the University and associations between the Univer- 
sity and energy-based industries 

Further particulars, including details of salary and 
superannuation, may be obtained from the Registrar 
of the University, 6 Kensington Terrace Newcastle 
upon Tyne NE1 7RU, with whom applications (15 
copies), giving the names of not more than three 
referees, must be lodged not later than November 
30, 1973 (Applicants from outside the British Isles 


may submit onc copy, only ) (1043) 
ge € 

IMMUNOLOGIST—Mithigan State University 
Opening available Dec er 1973 Recent #hD, 


with experience or interfst ın work on gut-associated 
lymphoid tissue, transplantation, and cancer and 
cellular immmunolog$? Write Edward D Coppola, 
MD Department of Surgery, Michigan State Uni- 
versity, East Lansing, Michigan 48824, US A Michi- 
gan State University ıs an equal opportunity 
employer (1072) 


(1114) 


RESEARCH ASSOCIATE AND 
POST-DOCTORAL FELLOWSHIP 
POSITIONS IN INTERMEDIATE 

ENERGY PHYSICS 


A Research Associate position with a three- 
year term will be available starting July 1, 
1974, 1n experimental nuclear/particle physics 
using the Triumf 500 MeV cyclotron — Interest 
and experience in fast electronics and counter 
technology is essential Minimum salary 
$10,000 


Postdoctoral Fellowships in both experimen- 
tal and theoretical intermediate energy physics 
will also be available 


Send vita, list of publications and names 
of references to Dr Garth Jones, Depart- 
ment of Physics, University of British Colum- 
bia, Vancouver, BC, Canada (968) 


INSTITUTE OF 
TERRESTRIAL ECOLOGY 


SCIENTIMIC OFFICER 
SALARY RANGE £1,318 TO £2177 


A Scienufic Officer 1s required by the Institute of 
Terrestrial Ecology to assist with research on birds 
of prey in southern Scotland The research will 
involve much field work, including the routine check- 
ing of breeding sites and the collection and analysis 
of prey remains Applicants should have some pre- 
vious research experience in a relevant field and must 
be prepared to tackle some tree and rock climbing 
The officer appointed will be expected to live within 
daily travelling distance of the institute’s sub-office 
in Castle Douglas, Kirkudbrightshire 

Candidates should be under 27 years of age with 
a degree or equivalent in a relevant subject A cur- 
rent driving licence is essential 

Starting salary may be above the minimum 

Superannuation arrangements 

Application forms and further particulars are avail- 
able from Establishment Division, Natural Environ- 
ment Research Council, 27/33 Charing Cross Road, 
Londcn WC2H 0AX Please quote reference E2/D1/ 


23 
November 2, 1973 (1086) 


Closing date 
UNIVERSITY OF DAR ES SALAAM 
TANZANIA 


Applications are invited for (a) SENIOR LEC- 
TURESHIP or (b) LECTURESHIP IN PHYSICS 
Applicants must have a PhD or equivalent in 
physics Duties of appointee will include under- 
graduate and postgraduate teaching of physics Areas 
of specialisation which bear on problems posed by 
the Tanzanian environment will be given special con- 
sideration Salary scales (a) T£2,380 to T£2 800 
per annum (b) T£1,898 to T£2,318 per annum (T£1— 
£119 sterling) The British Government may supple- 
ment salary in range £550 to £950 per annum (ster- 
ling) for married appointee or £300 to £650 per 
annum (sterling) for singe appointee (normally free 
of all tax) and provide children's education allow- 
ances and holiday visit passages  FSSU Family 
passages, biennial overseas leavc 

Deta led applicatiofs (2 copies), including a cur- 
riculur vitae and naming 3 referees should be sent 
by arr mail not later than November 6, 1973, to the 
Chief Academic Officer, University of Dar es Salaam, 
PO Box 35091, Dar es Salaam "Tanzania Apph- 
cants resident in U K should also send 1 copy to 
Inter-University Council, 90/91 Tottenham Court 
Road, London WIP ODT Further particulars may 
be obtained from either address (1105) 


ons 
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THE OPEN UNIVERSITY 


Research Assistant 
in Biology 


The person appointed will work with 
Dr V G Daniels on the development 
of function 1n the small intestine of the 
newborn animal Experience in Histo- 
logy or organ culture will be desirable 
but 1s not essential The appointment, 
which ts immediately vacant, will be for 
one year imtially at a salary of £1,323 
per annum The successful candidate 
will be given the opportumty to register 
for a higher degree 


Further details are available from thé 
Acting Personnel Manager, The Open 
University, PO Box 75, Walton Hall, 
Milton Keynes MK7 6AL 


Closing date for applications 
day, October 29, 1973 


Mon- 


(1124) 


YORK. UNIVERSITY 
TORONTO CANADA 


PHYSICAL AND THEORETICAL 
CHEMISTRY 


Post-doctoral positions are available immediately 
to work im the following areas 


(a) Expermmental precision reaction calorimetry, 
drop calorimetry, gaseous thermal explosions 


(b) Theoretical; irreversible kinetics (diatomic and 
Polyatomic), rates of entropy production m 
relaxation processes, velocity of sound in relax- 
ing diatomic gases exact quantum calculations 
on the ground state of H, and highly excited 
states of He 


Persons- having experience ın these fields, and 
(for the theoretical projects) possessing considerable 
computational experience are invited to contact Dr 
H O Pritchard, CRESS, York University, Downs- 
view, Ontario M3J 1P3, ging details of this ex- 
perience, and the names of at least two referees 
Inquiries from students wishing to work towards 
a PhD in any of these areas are also welcome 
(1104) 





UNIVERSITY OF QUEENSLAND 
AUSTRALIA 


TUTORS IN 
PHYSIOLOGY / PHARMACOLOGY 


DEPARTMENT OF PHYSIOLOGY 


Applicants should hold an honours degree in 
Physiology or in a related subject The appoint- 
ments will offer opportunities for research for higher 
degrees in topics acceptable to the Head of the 
Department in several fields of physiology The 
successful candidates will be required to take up 
appointment as soon as possible 

Salary $A5,332 to $A7,015 per annum 

Additional information and application forms are 
obtainable from the Secretary-General, Association 
of Commonwealth Universities (Appts), 36 Gordon 
Square, London WC1H OPF Applications close in 
London and in Brisbane on November 1, las) 


THE QUEEN’S UNIVERSITY 
OF BELFAST 


LECTURESHIP IN ZOOLOGY 


This newly created post is tenable from 
January 1, 1974, or such other date as may 
be arranged The initial appointment, which 


will be subject to a period of probation of 
up to three years, will be made at one of the 
first three points on the lecturers’ scale £1,929- 
£2,058-£2,223, rising to £4,948, wth contribu- 
tory pension rights under the FSSU Appli- 
cations should be received by October 31, 1973 


Further particulars may be obtained from 
the Personnel Officer, The Queens University 
of Belfast BT7 INN Northern Ireland 
(Please quote Ref 73/N) (1074) 





and chromatography 


XXV 





Experimental 
Officers 


DRUG METABOLISM 


A vacancy exists in the Drug Metabolism Section of our Safety of 
Medicines Department for an Experimental Officer to join a team working 
on the Safety Evaluation of candidate drugs The main area of work would 
be determination of the metabolic fate of drugs in laboratory animals and 
man. Techniques worked would include all aspects of spectrophotometry 


The successful candidate is likely to be a graduate fn chemistry, 
biochemistry or pharmacology although consideration would be given to 
applicants with equivalent technical training. Experience with animals ts 
not essential but this and a knowledge of radio-active counting techniques 
would be advantageous. Training will be provided where required 


The position gives scope for plenty of initiative to a person capable of and 


willing to accept responsibility 


BIOLOGY AND BIOCHEMISTRY 


Two experimental Officers of graduate or equivalent experience are 
required to Join small teams in our Research Department We would like 
applicants preferably to have had industrial experience of organising and 
taking part in a biological screen, or a working knowledge of methods for 
determining the toxicity of chemicals to biological systems 


BIOLOGY 


He or she will be responsible for testing new chemicals as potential 
pesticides for the control of animal ectoparasites and insect pests of 
public health and amenity importance The work will be mainly concerned 
with preliminary evaluation of compounds and there will be opportunities 


for original research 


BIOCHEMISTRY 


This team is working on the coccidiosis of poultry A qualification in 
biochemistry would be prefered, although not all! the work will be of a 
biochemical nature, The remit involves planning and superviston of a drug- 
screening and development programme. 


The Pharmaceuticals Division i$ very attractively situated in rural North 
Cheshire within easy reach of main road and rail routes. Conditions of 
service, career opportunities and assistance given to married men in moving 
home are designed to attract and retain staff of high calibre, 


Applications in writing, giving brief details of age, qualifications and 


experience, should be addressed to 


M. F. Losse, 
Personnel Officer, 


Imperial Chemical Industries Limited, 


Pharmaceuticals Division, 
Mereside, Alderley Park, 
Nr. Macclesfield, Cheshire 


UNIVERSITY OF MELBOURNE 


CHAIR OF 
AGRICULTURAL ENGINEERING 


The University of Melbourne has created a Chair 
of Agricultural Engineering within the Department of 
Civil Engineering ‘Phe® appointee will be expected 
to develop teaching and research in Agricultural 
Engineering and to participate in Departmental and 
Engineering Faculty programmes He will also be 
expected to develop strong Jinks with other groups 
including the Faculty of gAgriculture “nd Forestry 
and the Centre for Environmental Studies 

Salay $A19,102 per agnym 

Further information about the position, including 
details of application procedure, superannuation 
travel and removal expenses, hdbsing assistance and 
conditions of appointment 1s available from the 
Association of Commonwealth Universities (Appts ), 
36 Gordon Square, London WCIH OPF 

Applications close on January 19, 1974 (1122) 





THE QUEENS AMARO 
1966 1967 1968 1969 1970 1977 


(1136) 
GRADUATE ASSISTANTSHIPS 


Research and teaching assistantships are available 
for graduate study in physics Experimental and 
theoretical research programmes are active in solid 
state nuclear, Mgh energy and other major areas of 
physics Graduate research 1s conducted in conjunc- 
ton with Argonne National Laboratory, the National 
Accelerator Laboratory and the Synchrotron Labora- 
tory of the University of Wisconsin Appointments 
for well-qualified students can begin at any semester 
For application forms or additional information 
write Chairman, Department of Physics, Northem 
Uuno University, DeKalb, Illinois 60115 — (1066) 


RESEARCH ASSISTANT/TECHNICIAN required 
for interesting research in a busy laboratory Suit 
BSc or equivalent Whitley Council scales and 
conditions Applications in writing to the Secretary, 
University College Hospital Me@ical Schqol, Univer- 
sity Street, London WCIE 67J quoting Reference 
JH/164 j (1078) 
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TEGHNIGAL TRANSLATOR 


NATURE OCTOBER 12 1973 


(HIGHER SCIENTIFIC OFFICER/ 
SENIOR SCIENTIFIC OFFICER) 


ıs required by the United Kingdom Atomic Energy Applicants must also have undertaken post-graduate 
Authority Reactor Group Headquarters at Risley, work or had other relevant experience since 


near Warrington, Lancashire qualifying, the minimum periods being as follows 
The post ts within the Library and Information (a) Applicants with Ist or 2nd class honours degrees 
Department Duties will include oral and written or equivalent qualifications should have had at least 
translations for Engineers and Scientists 2 years’ post-graduate experience, 

throughout the Group, and the scanning and (b) Other applicants should have at least 5 years’ 
selection of current literature The subject matter appropriate expertence after qualifying 

covers a wide range, including chemistry, physics, Salary will be assessed within the scales 

metallurgy and most branches of engineering Higher Scientific Officer—£2,225 to £2,855 

A sound knowledge of technical German and Senior Scientific Officer—£2,800 to £3,895 

French is essential and additional languages of according to age, qualifications, experience and 


technology will be a distinct advantage additional languages 
Applicants should normally have one of the 


following qualifications Please write for Application Form, quoting 

(a) A degree in an appropriate subject reference S460/N to Staff Officer, Room 

(b) Degree-standard membership of an appropriate E303B, United Kingdom Atomic Energy 
Professional Institution Authority, Reactor Group Headquarters, 

(c) A Higher National Certificate or a Higher Risley, Nr Warrington, Lancashire 

National Diploma in an appropriate subject Closing date for the return of application forms 


(d) A qualification equivalent to at least (c) above December 7, 1973 


Wallop Industries Limited (Pyrotechnists) 


have a vacancy for a 


PHYSICS TECHNICIAN 


'The successful applicant will be a member of a small, multi-discipline 
Research and Development team Duties will include operation and main- 
tenance of electronic and optical equipment and assistance with development 
of special 1nstruments for such purposes as measurement of various types 
of radiation We require a practical man with HNC or equivalent and some 
practical experience Good pay and conditions, excellent contributory 
pension scheme 


Please send brief career/education details to 
R J Hicks, Personnel Officer, 
Wallop Industries Limited, 
Nr. Stockbridge, Hants SO20 8DX. 


Tel. Wallop 456. 
(1139) 





UNIVERSITY OF THE WEST INDIES 


TRINIDAD Major International Company in 
Applications are invited. for (a) LECTURESHIP the Health Products Field 
or (b) ASSISTANT LECTURESHIP IN ZOOLOGY 
in the Department of Biological Sciences, tenable as seeks 
soon as possible Appointee will be expected to 
participate in the teaching programme in zoology RESEARCH DIRECTOR 
at undergraduate and postgraduate levels in the 
Faculties of Agriculture and of Science, and to to contro] major new Pharmaceutical Research 
supervise postgraduate research — Salary scales (under Centre to be established in a most attractive 
review) (a) £1,850 to Mn per enam, e Su location in France 
Pandy Path annam AI. PS E This is a unique situation for an outstanding 
Detailed applications (6 copies), including a cur- UE ot hish b Up standıng with a 
riculum vitae and naming 3 referees, should be sent road background in biological sciences 
by airmail as soon as possible to the Secretary, Knowledge of English, French, and German 
University of the West Indies, St Augustine Trini- essential 
UM Further particulars will be sent to zl ga Applications, with a comprehensive curricu- 


lum vitae Ist of publications and recent photo- 


BIRKBECK COLLEGE Panao Box 11-7614, Publicitas, ets 
(UNIVERSITY OF LONDON) 


Applications are invited for the post of LEC- 
TURER IN BOTANY to teach Microbial Genetics JUNIOR TECHNICAL OFFICERS required in 
in courses of BSc and MSc level his own the laboratories of the Institute of Cancer Research 
research interest need not be precisely in that area Sutton Successful cgndidates will work in a new 
Candidates qualified in other aspects of Genetics or department cencerned" with the biochemical pharma- 
ın Molecular Biology will be considered Salary cology of anti-tumour agents, and should possess 
scale £1,929 by £129 to £2058 by £165 to £4363 either A-levels in science, subjects (chemisttp and 
by £180 to £4,548 plus London allowance of £162 biology, ONC, HM (pharmacology and/or 
per annum Initial salary will ‘thot exceed £2,388 biochemistry), or equivalent qualifications Salary in 
per annum ° the range £1,299 to €2,199, according to age, qualifi- 

Further details and forms of application should cations and experience Apply ın duplicate, with 
be obtained from the Secretary, Birkbeck College names of two referees, to the Secretary, 34 Sumner 
(NI2/10, Malet Street, London WCIE 7HX Place, London SW7 3NU, quoting Ref 301/B/487 
Closing date November 1, 1973 * (1099) (1080) 











(1145) 


UNIVERSITY OF SURREY 
LECTURESHIP IN TOXICOLOGY 


A new post for a Lecturer ın Toxicology is to be 
created in the Department of Biochemistry (Head of 
Department Professor D V W Parke) 

The successful candidate will be required to con- 
tribute to the teaching programmes of the depart- 
ment including the MSc ın toxicology and the 
BSc biochemistry (toxicology), and to pursue re- 
search into some aspects of toxicology Applica- 
lions are invited from experienced toxicologists and 
also from biochemists, biologists and other basic 
scientists with an interest in the correlation of 
molecular changes with morphology, who may wish 
to apply their expertise to the development and 
teaching of toxicology 

Salary will be on the scale £1,929 to £4,548 with 
FSSU provision 

Further particulars may be obtained from the 
Academic Registrar (L§G), University of Surrey, 
Guildford GU2 5XH Telephone Guildford 71281 
Extension 452 Applications, in the form of a 
curriculum vitae, together with the names and 
addresses of two referees, should be sent to the 
same address by Monday, November 5 (1111) 





BRYOLOGIST 


Applications are invited for a position made avail- 
able by a retirement The appointee will be expected 
to continue the active graduate teaching and research 
programme in bryology now in the department and 
wil have curatorial responsibilities for the large 
bryolcgical collections The rank and salary of the 
appointee are open to negotiation 

To ensure consideration, an application and 
curriculum vitae should reach Dr A Murray Evans, 
Chairman Screening Committee, Department of 
Botany, University of Tennessee, Knoxville, Tennessee 
37916, USA, by November 15, 1973 (944) 





UNIVERSITY OF LIVERPOOL 
DEPARTMENT OF BIOCHEMISTRY 


App ications are invited for the post of POST- 
DOCTORAL FELLOW in the Department of Bio- 
chemis'ry The work involves the development of 
affinity chromatography on group specific matrices 
The successful applicant will be expected to start 
as soon as possible and the post is renewable 
annually Salary will be decided according to the 
candidate's age and experience Applications to 
the Registrar The University, PO Box 147, Liver- 
pool L69 3BX Quote Ref  RV/iN/80515 ian 

(1107 


ORGANIC CHEMIST with experience in syntheuc 
heterocyclic chemistry required in the laboratories of 
the Institute of Cancer Research, Fulham Road, 
London SW3, to assist fn the preparation of new 
anti-tumour agents 

Prospective candidates should possess HNC, 
LRIC or a degree in chemistry The successful 
candidate will be expected to work without close 
Supervision 

The appointment 1s in the Technical Officer Grade, 
salary in the range, £2,742 to £3,183 

Apply in duplicate, with a full curriculum vitae 
and the names and addresses of two referees, to the 
Secretary, Institute. of Cancer Research, 34 Sumner 
Place, London SW7 3NU, quonng Ref 301/B/488 

(1081) 








on 
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UNIVERSITY OF EDINBURGH 
DEPARTMENT OF GEOPHYSICS 















Applications are invited for the post of 
ELECTRONICS TECHNICIAN The success- 
ful applicant will be expected to take charge 
of the geophysical research and teaching labora- 
torres Responsibilities will include the design 
and construction of equipment for Geophysical 
research and teaching and the servicing of 
eleotronic equipment Salary on scale £2,007- 
£2,382 per annum 


Written applications, quoting the post 
reference number, should be addressed to the 
Personnel Officer, University of Edinburgh, 63 
South Bridge Edinburgh, EHI ILS Telephone 
number 031-667 1011 ext 4325 Ref No T5402 


(1141) 





UNIVERSITY OF EDINBURGH 
GRANT INSTITUTE OF GEOLOGY 
Applications are invited. for the post of 
Technical Officer (Electron Probe) in the new 
Regional Electron-Probe Muiücroanalytical Unit 


This Unit has been established jointly by the ® 


University of Edinburgh and the Natural 
Environmental Research Council and 1s to be 
supported by NERC Grant ull Augst 31, 
1977 The successful applicant will work within 
the group operating the Microscan V Electron- 
Probe Duties involve the traming and super- 
vision of microprobe users together with a 
limited amount of microanalysis on a wide 
range of collaborative research projects 
Experience of X-ray analytical techniques would 
be an advantage Salary on scale £2,007-£2,382 
per annum 

Written applications, quoting the post refer- 
ence number, should be addressed to the 
Personnel Officer, University of Edinburgh, 63 
South Bridge Edinburgh EHI ILS Telephone 
number 031-667 1011 ext 4325 Ref No 
T5301 (1142) 





UNIVERSITY OF SHEFFIELD 


THE MANCHESTER-SHEFFIELD 
SCHOOL OF PROBABILITY AND 
STATISTICS 
APPOINTMENT OF A LECTURER 


Applications are invited for the post of LECTURER 
tenable from September 1, 1974, in the Department 
of Probability and Statistics in the University of 
Sheffield Candidates may be specialists 1n any area 
of Probability or Statistics Salary m the range 
£1,929-£4,548 

Further particulars from the Registrar and Secre- 
tary The University, Sheffield®S10 2TN, to whom 
applications (3 copies) should be sent by November 
19, 1973 Quote Ref R 82/G (1144) 


EDINBURGH CORPORATION 


NAPIER COLLEGE OF SCIENCE 
AND TECHNOLOGY 


DEPARTMENT OF BIOLOGICAL SCIENCES 
RESEARCH ASSISTANT 


To join a team investigating the biological 
and microbiological effects of domestic and 
industrial sewage pollution on the flora and 


fauna of the intertidal zone of the Firth of 
Forth The assistant will specialise in bio- 
chemical and ecological aspects of the work 
The opportunity to work for a higher degree 
will be available Candidates should possess a 
good honours degree 1n Biology or Ecology and 
have studied chemistry to at least first year 
university standard 


Salary £1,100 per annum 


Information and application forms from The 
Principal, Napier College of Science and Tech- 
nology, Colinton Road, Edinburgh EH10 5DT 


(1143) 





LARGE TELESCOPE USERS 


The Science Research Council invites. applications 
to its Large Telescope Users’ Panel for observing 
tume on the 98-inch Isaac Newton Telescope at 
Herstmonceux during the three months 1974 April 
to June inclusive . 

In considermg the allocation of time, the Panel 
will especially support group applications, particu- 
larly where they result from collaboration between 
a university department and a Royal Observatory 

Applications must be made in respect of proposed 
programmes that cannot be accomplished on tele- 
scopes of smaller aperture, and will be considered by 
the Panel at its winter meeting ‘They should be 
submitted by November 1 on a form obtainable from 
the Secretary of the Panel, Dr A Hunter, Royal 
Greenwich Observatory, Herstmonceux Castle, Hail- 
sham, Sussex (1137) 
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CORPORATION OF GLASGOW 


THE DAVID DALE COLLEGE , 
DEPARTMENT OF BIOLOGICAL SCIENCES 


POST OF SENIOR TEACHER 


(READVERTISEMENT) 
(Salary Maxıma £3,573 or £4,047) 


Applications are invited for the above post from teachers with a Degree or equivalent in a 
biological science (preferably with Honours) 


Candidates should have some experience or tramung in one or more of blood transfusion, 
haematology, histopathology, medical microbiology, physiology, or related subjects Relevant 
experience in research, in industry or in a hospital laboratory will be an advantage The 
Department provides basic educauonal courses for laboratory technicians including Ordinary 
National Certificate courses in Biology and Medical Laboratory Technology The successful 
candidate will be expected to participate in development work associated with these and other 
courses of a similar nature, in addition to his administrative. and teaching duties 


Applications already received will be considered and need not be re-submutted 


Salary will be £1 551 to £2,727 or £1,821 to £3,201 according to qualifications with a responsi- 
bility payment of £729 per annum and afurther addition of £117 per annum for an approved 
teaching qualification 


Application forms may be obtained from the Principal, The David Dale College, 161 Broad 
Street, Glasgow G40 2TP, to whom completed forms should be returned by November 5, 1973 
(1147) 


Robert Gordon’s Institute of Technology 
School of Pharmacy 


Senior Lecturer or 
Lecturer in Pharmaceutics 


Applications invited from Pharmacists with Higher Degree or proven 
research ability in physical aspects of pharmacy Industrial experience 
advantageous To teach on Honours Degree and Degree Courses 
Research facilities available in modern, well-equipped laboratories 


Salary in range up to £4,617 
Assistance with removal expenses 


Details from Director, Robert Gordon’s Institute of Technology, 
Schoolhill, Aberdeen AB9 1FR. 


(1146) 





Please mention this Journal 


when answering advertisements 
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HEAD, DEPARTMENT OF 
VETERINARY MICROBIOLOGY 


The Western College of Veterinary Medi- 
cine, Uniwersity of Saskatchewan invites 
applications for the position of Head of De- 
partment of Microbiology, effective July 1, 
1974 

The successful candidate will have teaching 
and research experience have achieved inter- 
national recognition in a specific arca of 
Microbiology, and be able to give leadership 
to a dynamic department DYM PhD, 
and administrative experience are expecicd 

Please send resume and names of three 
referees to 

Dr D L T Smith, Dean, 

Western College of Veterinary Medicine 

University of Saskatchewan, 

Saskatoon Saskatchewan, 

Canada S7N 0WO 


(1070) 


PORTSMOUTH POLYTECHNIC 
SCHOOL OF ‘PHARMACY 


LECTURER II 
IN PHARMACOLOGY 


Applications are invited. from pharmacists or 
pharmacologists to participate mainly in the teaching 
of Pharmacology to students of the Pharmacy degrees 
and the Honours degree in Pharmacology, and to 
assist with the teaching of other courses in the School 
of Pharmacy A higher degree together with teaching 
or research experience 1s desirable Excellent 
research facilities are avatlable 

Salary scale £2,515 to £3,243 per annum 

Application forms and further particulars may be 
obtained from the Staff Officer, Alexandre House, 
Alexandre Road, Portsmouth PO! 2QQ, to whom 
completed applications should be returned by October 
22 1973, quoting reference R 47 (1134) 





AUSTRALIAN 
NATIONAL UNIVERSITY 


Applications are invited for the following 


RESEARCH SCHOOL 
OF EARTH SCIENCES 


PROFESSORIAL FELLOW IN EXPERIMENTAL 
PETROLOGY A high level of achievement in 
the field of experimental petrology with empha- 
sis upon studies of natural rock systems relating 
to the deep crust and upper mantle 1s required 
Familiarity with the techniques of high pressure- 
high temperature experimentation and electron- 
probe microanalysis ijs essential 


PROFESSORIAL FELLOW IN GEOCHRONO- 
LOGY The appointee will be responsible for the 
operation of a large mass-spectrometric labora- 
tory and specifically for the imitation and 
execution of research programmes which apply 
rubidium-strontium and lead-uranium — dating 
methods to terrestrial, lunar and meteoritic 
problems He will also be responsible for the 
design of new mass-spectrometric. equipment 


Salaries Salary of a  Professorial Fellow is 
$A17,648 per annum (Current exchange rates are 
approximately $A1 55np $US1 41 ) 


Other conditions Tenure of appointment as Pro- 
fessorial Fellow to retiring age (at present 65) 


‘Reasonable travel expenses are paid and assistance 
with housing is provided for an appointee from out- 
side Canberra Superannuation is on the FSSU 
Pattern with supplementary benefits 


The University reserves the right not to make 
an appomiment or to make an appointment by 
invitation at any time 


Further information should be obtained from the 
Association of Commonwealth Universities (Appts ), 
36 Gordon Square, London WC1H OPF 


Applications close on November 9, 1973 
(1100) 


SOUTHERN UNIVERSITIES 
NUCLEAR INSTITUTE 


(under the auspices of the Universiues of 
Cape Town and Stellenbosch) 


RESEARCH FELLOW 


A vacancy exists for a Research Fellow on a three- 
year contract basis As a member of the Nuclear 
Chemistry Division the incumbent will be required to 
maintain and further develop the existing programme 
for the application of nuclear techniques im the field 
of medicine The commencing salary, depending on 
age and qualifications, will be on one of the follow- 


ing scales 

Research Officer R4,800 x 300—R6,900 

Senior Research Officer R6,300 X 300—R8, 100 

plus an additional 15% allowance 

Applications, stating qualifications experience, pre- 

sent position and salary, state of,health and names 
of referees should reach the Chief Scienust 
Southern Universyres Nuclear Institute, PO Box 17, 
Faure, GP South Africa, before October 31, 1973 


' (945) 





INSTITUTE OF OPHTHALMOLOGY 


(University of London) 
JUDD STREET, LONDON WCIH 90S 


TECHNICIAN (HNC or IMLT) required to 
work in diagnostic/research virology laboratory Ex- 
perience in cell culture and 1mmunofluorescent tech- 
niques would be an advantage Salary in scale 
£1 566 to £2,418 per annum 

Apply in writing with names and addresses of 
two referees to the Secretary at the above address 


(1094) 





LISTER INSTITUTE 
OF PREVENTIVE MEDICINE 


A TECHNICIAN with HNC or equivalent quali- 
ficauons im biochemistry and a JUNIOR TECH- 
NICIAN with ‘A’ levels in chemistry and biology 
are required in the Biochemistry Department to 
assist 1n investigations on the immunochemistry and 
biosynthesis of blood group specific glycoproteins 

Apphcations in writing to Professor W M Wat- 
kins, Lister Insutute, Chelsea Bridge Road, London 
SW1W 8RH (1112) 





THE UNIVERSITY OF MANCHESTER 
DEPARTMENT OF CHEMISTRY 


POSTDOCTORAL ASSISTANT 


Applications are invited for this post for work on 
the alkaloids of Gelsemuum sempervirens The ap- 
pointment will be for two years commencing 
November 1, 1973 Salary per annum £1,929 to 
£2058 with FSSU benefits Applicauons with 
the names of two referees, should be sent to Dr 
G F Smith Department of Chemistry The Univer- 
sity Manchester M13 9PL (1083) 





STUDENT TECHNICIAN, Endocrinology research, 
Oxford Interesting work on thyroid hormones in 
busy laboratory Training provided for unqualified 
person but experienced person welcomed 

Salary up to £1,395 per annum depending on age 
and experience Further details from Dr C W 


Burke Department of Endocrinology, Radcliffe 
Infirmary, Oxford Applications should be submitted 
by October 24, 1973 (1123) 





JUNIOR TECHNICIAN/TECHNICIAN RE- 
quired in Department of Haematology Minimum 
qualifications GCE O’ level passes in English, 
Mathematics and two science subjects Dav release 
available for further study Salary according to age 
and qualifications —Applications to the Secretary, 
Royal Postgraduate Medical School, Hammersmith 
Hospital Ducane Road London W12 OHS quoting 
Ref 7/GEN/N 0118) 


UNIVERSITY OF DUNDEE 
DEPARTMENT OF BIOLOGICAL SCIENCE 


NERC 
RESEARCH ASSISTANTSHIP 


Applications are invited from recent graduates 
in microbiology or biochemistry for a Research 
Assistantship to. work under the direction. of 
Dr C M Brown on a project enutled Bacterial 
Aspects of the Marine Nitrogen Cycle The 


starting date will be as soon as possible and 
the appomtment will last for up to three years 
candidate may be able to 
Salary approxi- 


The successful 
register for a Higher Degree 
mately £1 200 per annum 
Applications quoting ref  Esi/72/73] and 
contaiming the names and addresses of two 
referees should be sent by November 2, 1973, 
to The Secretary, The University Dundee 
DD! 4HN (1127) 


NORTH STAFFORDSHIRE Polytechnic 
College Road Stoke-on-Trent Department of 
Ceramic Technology RESEARCH ASSIS- 
TANTS There are vacancies in the Depart- 
ment for research into problems connected 
with Ceramic Technology, including clay 
properties, high temperature studies, glazes 
glass ceramics and special ceramics Candi- 
dates, who will have aechoice of projects, will 
be expected to work for higher degrees 
(M Phil or Ph D) and should therefore have 
at least second class honours degrees in 
ceramics or natyral science, or equivalent pro- 
fessionaé qualificatiogs The appointments will 
be for one year inilially, but will be reviewed 
annually to a maximum of three yearse The 
salary 1s £1308 pd Ynnum —Application forms 
and further particulars may be obtained from 
Dr Gerald Gittens, Department of Ceramic 
Technology, North Staffordshire Polytechnic, 
College Road Stoke-on-Trent ST4 2DE 

(1125) 
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UNIVERSITY OF BRISTOL 
RESFAROH ASSISTANT IN GEOLOGY 


Applications are invited from good gradu- 


ates of Gcology or Geology and Chemistry for 
the above position (annually renewable) which 
ıs concerned with operating, and teaching the 
use of, 


an X-ray fluorescence spectrometer 
Applicants should preferably have some re- 
search experience and an interest 1n computing 
and geochemistry but X-ray experience is not 
essential Salary according to qualifications 
and experience in the range £1,269 jo £3,048 
(maximum) 


Applications should be sent to Dr B E 
Leake, Geology Department, University, 
Bristol 8, by October 29, 1973 (1064) 


UNIVERSITY OF OXFORD 


RESEARCH POSTS 
IN NUCLEAR PHYSICS 


* Applications are invited for post-doctoral rescarch 
posts in a group carrying out experimental research 
in high energy physics Appointments will be for 
an imtial period of three ycars at a salary on the 
lecturer scale, depending on age and experience, and 
with a maximum of £3,378 Pension arrangements 
through FSSU 

The activities of the group at present include con 
vertional experiments in hydrogen bubble chambcrs 
aided by an automatic film measuring system 
(PEPR) neutrino experiments in a large heavv liquid 
chamber development of muluwire drift. chambers 
for parucle identification, etc Future diversification 
to new techniques is actively encouraged There are 
gocd in-house computing facilities and a terminal to 
an IBM 360/195 

Applications (one copy) with curriculum vitae 
list of publications and names of two referees. should 
be sent to Professor D H Perkins, Nuclear Physics 
Laboratory Keble Road, Oxford OX1 3RH (1115) 





FELLOWSHIPS AND 
STUDENTSHIPS 


UNIVERSITY OF EDINBURGH 
DEPARTMENT OF BOTANY 


Applications are invited for an SRC spon- 
sored POSTDOCTORAL RESEARCH FEL- 
LOWSHIP, available immediately, to col- 
laborate on a study of the synthesis and func- 
tion of polydisperse RNA ın higher plants 
Experience with RNA polymerase hybridiza- 
and general nucleic acid technology 1s 
The starung salary will be within 
the range £1,764 to £2,079, and may be 
renewed for a second year 


Applications, with curriculum vitae and the 
names of two referees, should be sent as soon 
as possible to Dr J Ingle, Department of 
Botany, The King’s Buildings, University of 
Edinburgh, Mayfield Road, Edinburgh EH9 
3JH Please quote Reference 5064 — (1065) 


uon, 
desirable 


UNIVERSITY OF KENT AT CANTERBURY 


Research Fellowship 
m the Biological Laboratory 


Applications are invited, preferably from micro- 
biologists with a biochemical background, for a 
post-doctoral Research Fellowship concerned with 
physiological and genetic studies on bacterial plas- 
mids, with special reference to drug-resistance factors 
Salary intially £1929 in the range £1929 to £2,223 
Appl cation forms and further particulars of the 
post mav be obtained from the Assistant Registrar, 
Faculty of Natural Sciences, Chemical Laboratory, 
The University Canterbury, Kent to whom com- 
pleted application forms should be submitted by 
October 26 1973 Please quote Ref ATUS 


UNIVERSITY OF BIRMINGHAM 


RESEARCH FELLOW / ASSOCIATE 


IN EXPERIMENTAL ELECTROENCEPHALO- 
GRAPHY 


Applications are mvited for the above post to 
work on electroencephalographic correlates of 
cerebral dommance The post 1s open to graduates 
with a background of neurophysiology, psycho- 
biology or clinical neurology Applicants with a 
doctorate who have worked in the field of cerebral 
dominance will be preferred 

Salary £1,569 4o £2,718 plus FSSU 

App ications (3 copies) naming three referees, by 
October 29 1973, to the Assistant Registrar The 
Medical School, University of Birmingham, B15 2TT 

, (1128) 
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UNIVERSITY OF DUNDEE 


DEPARTMENT OF BIOLOGICAL 
SCIENCES 


POST-DOCTORAL FELLOWSHIP 


Applications are invited for a Post-Doctoral 
Fellowship in the Department of Biological 
Sciences, University of Dundee The person 


appointed will work on the biochemistry and/ 


or genetics of nitrogen-fixing algae and the 
salary. will be ın the range £1,929-£2,223 plus 


Applications (including the names and 
addresses of two referees) and quoting Refer- 
ence Est/71/73J should be sent by October 20, 
1973, to the Secretary, The University Dundee 
DD1 4HN 


Further details can be obtained from Pro- 
fessor W D P Stewart, Department of Bio- 
logical Sciences, University of Dundee (1075) 





ROTHAMSTED EXPERIMENTAL 


STATION . 
HARPENDEN, HERTS ALS 27Q 


PLANT PATHOLOGIST or VIROLOGIST to 
Study virus disease of tropical crop plants and 
especially those attacking taro (Colocasia esculenta) 
in the Solomon Islands Qualifications 1st or 
2nd class honours degree with at least two years’ 
relevant experience PhD desirable 

Three-year post based at Rothamsted financed as 
a fellowship by the Overseas Development Admini- 
stration Appointee may be required to spend some 
time in the Solomon Islands Applicants are advised 
to request further details from the Secretary 

‘Appointment in grade of Higher Scientfic Officer, 
£2,076 to £2,667 Superannuation under FSSU 

Applications naming two referees and quoting 
reference 1992 to the Secretary by November 9, 
1973 (1126) 





MISCELLANEOUS 


YOUNGER RESEARCH WORKERS 
INTERCHANGE SCHEME 1974 
Applications are invited from British re- 
search workers in the physical, biological and 
social sciences, and in all fields of technology, 
for short visits to centres working on similar 
problems in any of the following countries 
Austria, Belgium, Denmarg, Finland, West 
Germany, Italy, Netherlands, Norway, Poland, 
Spain, Sweden, Switzerland Details and appli- 
cation forms have been sent to university and 
Polytechnic registrars for circulation Com- 
pleted forms, endorsed by the head of depart- 

ment, to be returned by November 12 to 
Higher Education Department, The British 

Council, State House, High Holborn London 

WCIR 4SZ (1069) 





LECTURES AND COURSES 





THE ROYAL SOCIETY 
THE RUTHERFORD SCHOLARSHIP 


Applications are invited from graduates of a 
university within the British Commonwealth who are 
under 26 years of age, or if holding the degree of 
PhD under 28 years of age, on May 1, 1974, for 
the RUTHERFORD SCHOLARSHIP This will be 
awarded for experimental research in any branch of 
the natural sciences, but if there are candidates of 
similar merit preference will be given to experimental 
physics The scholarship will be tenable for three 
years in some part of the British Commonwealth 
other than that 1n which the applicant graduated It 
will not normally be awarded to a graduate who has 
already held a senior research award 

The value of the scholarship will be adjusted to 
meet the circumstances of the appointment but if 
held in the United Kingdom it will be between £950 
and £1,200 per annum (or up to £1,600 per annum 
for post-doctoral candidates) Additional allowances 
will be granted for travel, university fees, etc The 
appointment will date from October 1, 1974 or such 
other date as may be arranged 

The appointment wil be made by the President 
and Council of the Royal Society Application 
from university graduates outside the United King- 
dom should be made through their univers,ties to 
the Royal Commission for the Exhibition of 1851 
on forms of apphcation for the 1851 Exhibition 
Science Research Scholarship Application from 
university graduates in the United Kingdom should 
be made before February 15, 1974, on forms obtain- 
able from the Executive Secretary, The Royal 
Society, 6 Carlton House Terrace, London SWLY 
SAG (1077) 


UNIVERSITY OF LONDON A lecture, entitled 
“On the Evolution of Biological Energy Conversion!" 
will be delivered by Professor H Baltscheffsky 
(Stockholm) at 430 pm on October 18 at King’s 
College, Strand, WC2 Admission free, without 
ticket Academic Registrar (1089) 








UNIVERSITY OF LONDON A course of two 
lectures, entitled “The Physiology of the Pollen and 
Stigma Interaction, I and II", will be delivered by 
Professor J Heslop-Harrison (Kew) at 530 pm on 
October 16 and 23 at University College (Botany 
Lecture Theatre), Gower Street, WCI Admission 
free, without ticket Academic Registrar (1091) 








UNIVERSITY OF LONDON A lecture, entitled 
“Recent Studies at the National Institute of Nutri- 
tion, Hyderabad (India)", will be delvered by Dr 
S G Srikantia (Hyderabad) at 530 pm on October 
19 at the London School of Hygiene and Tropical 
Medicine, Keppel Street (Gower Street), WCL Ad- 
mission free, without ticket Academic Registrar 

(1088) 


UNIVERSITY OF LONDON A course of two 
lectures, entitled 1 “The Place of Neopilina in 
Metazoan Evolution” and 2 “Biology of North 
Atlantic and Arctic Opisthobranchs’’, will be delivered 
by Dr Henning Lemche (Copenhagen) at 515 pm 
on October 16 at Bedford College (Room 96/97, 
Tuke Building), Regent’s Park, Inner Circle, NW1 
and at 5 pm on October 17 at Queen Elizabeth 
College (Allen Lecture Theatre, Atkins Building), 
Campden Hill Road, W8 Admission free, without 
ticket Academic Registrar (1090) 


THE QUEEN’S UNIVERSITY OF BELFAST 
DEPARTMENT OF CHEMISTRY 


POSTDOCTORAL FELLOWSHIP 


Applications are invited for an SRC Postdoctoral Fellowship for work on the development 
of laser pulse techniques for the study of chemical and photophysical relaxat;ion processes in 


solution 


The appointment will be for one year, salary in the range £1 929-£2,058 plus superannuation 


benefit 


Applications, together with the names of two referees, should be sent as soon as possible to 
Dr J J McGarvey, Department of Chemistry, David Keir Building, Stranmillis Road, Belfast 


RESEARCH ASSISTANT 


BT9 SAG 


Department of Mental Health 


A Research Assistant is required to assist with a Medical 


Research Council-sponsored project concerned with possible enzymic abnormalities. ın schizo- 


phrenia 


Initially for a period of eighteen months, appointment will be made on the scale £1,050- 


£1,629 per annum, but where a suitable applicant is a graduate the option of submitting for an 
MSc degree 1s given at the salary of £951 per annum 
Applicants should have qualifications and experience in Biochemistry or an allied subject, and 


an interest in, or knowledge of, cell culture would be of value 


An applicant wishing to opt 


for the higher degree should have an appropriate Primary degree 
Applications, with the names of two referees, should be sent as soon as possible to Dr C H 
Williams, Department of Mental Health, at the Queen’s University of Belfast Medical Biology 


Centre, 97 Lisburn Road, Belfast BT9 7BL 


RICHARDSONS ULSTER STUDENTSHIP 


Open to graduates in Agricultural Chemistry, Biochemistry or Chemistry with suitable subsidiary 
subjects, the Studentship i awarded for research work connected with plang nutrition dm the 


biochemistry of plant growt! 
the University 
ment 


to be undertaken and the holder may register for a higher degree of 
The work will be carried out in the Agficultural and FoodgQpemustry Depart- 


The Studentship is for a three-year period and its value will be £600 in the first year rising 
annually by £50 to a maximum of £700 An allowance of £150 per annum Js available Tor approved 


expenses 


Candidates should, apply 1n writing to the Dean of the Faculty of Agriculture and Food Science, 


Queen's University, at Belfast BT9 5PX by October 27 





(1120) 








RESEARCH WORKSHOP IN 
MOLECULAR AND 


DEVELOPMENTAL BIOLOGY 
GLASGOW—EASTER, 1974 


A short, intensive, research workshop "will 
be held in Glasgow from March 17-30, 1974 
Intended for post-doctoral workers wishing to 
enter research in the area of common interest 
to molecular and developmental biologists, in 
exceptional circumstances postgraduates who 
could make a significant contribution can be 
considered Participants will be asked to 


contribute to the programme 


A fee of £6000 will be charged and wall 
cover board and lodging The workshop is 
sponsored by SRC and appropriate British 
Participants may have the fee paid in full 

The workshop will be run by the Beatson 
Institute and the Departments of Botany, Cell 
Biology, Genetics, Immunology, Microbiology, 
Virology and Zoology of the University of 
Glasgow Further details, and application 
forms which should be returned by January 1, 
1974, can be obtained from the Secretary, 
Department of Zoology, Glasgow University, 
Glasgow G12 8QQ (X844) 


GRANTS & SCHOLARSHIPS 


SCIENCE POSTGRADUATE— 
RESEARCH STUDENTSHIP 
UNIVERSITY OF BIRMINGHAM 
DEPARTMENT OF OBSTETRICS AND 
GYNAECOLOGY 
A grant is available from October 1973 for 
a graduate to jom a project investigating the 

causes of carcinoma of the cervix 

A suitable candidate will be able to register 
for a PhD 

The project 1s run in close collaboration 
with the Departments of Virology and Anatomy 
and involves studies on the effects of virus on 
human cervical material maintained in organ 
culture 

Several promising avenues of investigation 
have developed these include quantitative 
studies on viral replication in cultured tissues, 
changes in the cellular surface characteristics 
seen under the scanning electron microscope, 
and investigations using DNA-RNA hybridiza- 
tion techniques to locate viral genome within 
cervical material 

The project 1s based in the Birmingham 
Maternity Hospital, which is part of the Queen 
Ehzabeth Hospital and University complex 

Applicants with a good honours degree in 
Microbiology, Biological Sciences or an allied 
subject, should send a curriculum vitae and 
names of two referees to 

Dr. G H Thomas, Department of Anatomy, 

University of Birmingham Medical School, 

Vincent Dnve, Edgbaston, Ime, 13 


THE ROYAL SOCIETY 


GOVERNMENT GRANT 
FOR SCIENTIFIC INVESTIGATIONS 


Applications for grants from the third allotment 
of the Government Grant for Scientific Investigations 
for the year 1973 should be made as soon as possible 
on forms of application to be obtained from the 
Executive Secretary of the Royal Society, 6 Carlton 
House Terrace, London SW1Y 5AG No applica- 
tion can be considered which ıs received later than 
November 20, 1973 

Applicants must be of British nationality, resident 
in Great Britain or Northern Ireland Grants may be 
made for purposes in connection with the promo- 
tion and support of research im pure science other 
than for personal maintenance or payment of 
stipends for the assistance of scientific expeditions 
and collections, but not in aid of scientific publica- 


tions (1085) 





FOR SALE AND WANTED 


Always wanted 


BACK RUNS OF JOURNALS 
IN SCIENCE AND THE HUMANITIES 


WM DAWSON & SONS LTD 


Back Issues Department, 
Cannon House, Park Farm Road, 
Folkestone, Kent, England 


Tel  Folkestone 57421 (D 





FOR SALE Back Issues Brit J Apphed Physics 
1954-1967, Brit 4| of Scientific Instruments 1954- 
1967, Nature 1964-1966 Physics and  Electncal 
Engineering abstracts 1960-1967, —- Apply Dr 
D M J P Manley,” Sheldons Farmhouse, Hook, 
Nr Basingstoke, Hants RG27 9LD (1132) 
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Marine Pollution Bulletin is the only British Journal to deal 
specifically with this international problem. It contains news, 
comment and research on all matters relating to the pollution of 
estuaries, the sea and other large bodies of water 


The latest (September 1973) research reports include 


Trace Metals in Sediments of New York Bight 
D J Carmody, J B Pearce and W E Yasso 


Trace Metals in the North Sea 
J W R Dutton, D F Jefferies, A R Folkard and P G W Jones 


Trace Metals in Carbonate and Organic Rich Sediments 
D A Segarand R E Pellenbarg 


Mercury in Fish and the News Media 
June Olley 


Edited by Professor R B Clark, Department of Zoology, The University, Newcastle upon Tyne, 
NE1 7RU, England 


Published by Macmillan Journals Ltd 
Annual Subscription: £6 00 (UK and rest of the world), £7 50 (USA and Canada) 


Subscriptions may be sent to Macmillan Journals Ltd, Subscription Dept, Brunel Road, 
Basingstoke, Hants, England 





Editorial Department 
Subscriptions to NATURE MACMILLAN JOURNALS LIMITED 
4 LITTLE ESSEX STREET, LONDON WC2R 3LF 
Subscription Department, Macmillan Journals Ltd , Brunel Telephone Number 01-836 6633 Telegrams Phusis London WC2R 3LF 
Road, Basingstoke, Hampshire RG21 2XS Toles 262024 
MACMILLAN JOURNALS LIMITED 
711 NATIONAL PRESS BUILDING 
Please send me 52 issues of NATURE starting with the WASHINGTON DC 20004 
issue dated Telephone Number 202-737 2355 Telex 64280 
| enclose £16 (USA & Canada £20) (Prices applicable Subscription Department 
only to orders received before 31st December 1973) MACMILLAN JOURNALS LIMITED 
BRUNEL ROAD, BASINGSTOKE, HANTS RG21 2XS 
Telephone Number Basingstoke 29242 
NAME Display Advertisement Department 
MACMILLAN JOURNALS LIMITED 
e 4 LITTLE ESSEX STREET, LONDON WC2R 3LF 
ADDRESS Telephone Numbers UK 01-836 6633 ,USA 202-737 2355 


Classified advertisements 


T G SCOTT & SON, LIMITED 
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Registefed Office -4 Little Essex Street, London WC2R 3LF 





Copyright (€ Macmillan Journals Limited, "October 12 1973 


NATURE OCTOBER 12 1973 = ] R Cover 3 








up to 
a six tier 
universa 
roller 


Designed to meet the demands for the 
production of large quantities of cells 
for use in biochemical, microbiological 
and other relevant techniques. 


The Luckħam Universal roller has been 
manufactured so that the basic two 
tier model can have further tiers added 
to a maximum of six. This feature 
reduces to a minimum the space taken 
in the "hot" room or incubator. 


The Universal roller is a slow variable 
speed machine for rolling bottles of 
95mm to 100mm diameter or the Sterilin 
plastic vessels. Other sizes to special 
order. There is a choice of two motors: 


The RMV/12/06 giving roller speeds of 
0.146-0.6 rpm 


The RMV/12/10 giving roller speeds of = Ss 
2.47-10.0 rpm  ——— RMV/12 (6 TIER) 





. 
For full information of our complete range of Laboratory Metalware, please write or telephone 


Jj LUCKHAM LIMITED LABRO WORKS, VICTORIA GARDENS, BURGESS HILL, SUSSEX, ENGLAND RH15 90N 


Telephone ; Burgess Hill 5348 (3 lines). Telegraphic Address: Labro-Burgess Hill. Telex: 87323 F.S.1. BRIGHTON. Code Luckham 
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| Become acquainted 
with Aldrich enzymes 





Off-the-shelf delivery on enzymes and enzyme-related 


products for the research biochemist. 


ENZYMES 


Consult the Aldrich Handbooks for a 
diversified listing of enzyme preparations, 
such as acetylcholinesterase, catalase, 
glucose oxidase, lipase, lysozyme, per- 
oxidase, ribonuclease and trypsin. 


ENZYME SUBSTRATES 


We offer numerous substrates, including 
Neacetylneuraminic acid (N-acetylneura- 
minie acid aldolase), N - -benzoyl-L-ar- 
ginine ethyl ester (trypsin), o-carboxy- 
pheny! phosphate (phosphatase), 
6-chloropurine riboside (adenosine de- 
aminase), 1|,3-dihydroxyacetone (galac- 
tose oxidase) and ribonucleic acid (ribo- 
nuclease), 


ENZYME INHIBITORS 


Our listings feature many potent enzyme 
inhibitors such as acetohydroxamic acid 
(urease), carboxymethoxylamine hemi- 
hydtochloride (Y-aminobutyric acid 
ketoglutaric acid transaminase), diisopro- 
pyl fluorophosphate  (acetylcholinester- 
ase) 2-methyl-1,2-di-3-pyridyl-1 -propan- 
one (adrenal steroid hydroxylase), ]-phe- 
nyl-3-(2-thiazolyl)-2-thiourea (dopamine 
B-hydroxylase) and others. 


ENZACRYL® C 
IMMOBILIZED 
ENZYMES 


Five enzymes immobilized on cellulose 
precoated with ENZACRYL® C. This 
novel method of attachment combines 
economy with higher efficiency and oper- 
ational stability. ENZACRYL® C can 
also be applied to other supports 
including Celite®, glass, nylon, Neosyl®, 
carboxymethyl cellulose, diethylamino- 
cellulose and their molecular sieve 
versions. Moreover, ENZACRYL® C 
exhibits good re-use profile. 


Let us know your particular choice of 
enzyme and support in order to help us 
plan future preparations. 


ENZACRYL® CATALASE, ENZ- 
ACRYL® DEXTRANASE, ENZ- 
ACRYL® GLUCOSE OXIDASE, 


ENZACRYL® £-GLUCURONIDASE 
and ENZACRYL® URICASE are avail- 
able as freeze-dried powders. 


ENZACRYLS® 


Hydrophilic copolymers of acrylamide 
and its derivatives broaden the scope of 
water-insoluble enzyme technology. 
These ENZACRYLS® contain functional 
groups potentially active in enzyme 
binding. Check our handbook for 


ENZACRYL® is a Registered Trademark of Koch-Light Laboratories, Ld. England. 


ENZACRYL® AA, ENZACRYL® AH, 
ENZACRYL® POLYACETAL, ENZ- 
ACRYL® POLYTHIOL, ENZACRYL® 
POLYTHIOLACTONE and the ENZ- 


ACRYL® KIT containing lg of each of 
the ENZACRYLS.® 


ENZACRYL® GEL 


For gel permeation chromatography and 
gel filtration. ENZACRYL® GEL is 
copolymer of N-acryloylmorpholine andi 
N, N'-methylenebisacrylamide and is 
offered in two porosities, ENZAC RYL 
GEL KI and ENZACRYL GEL K2, each, 
of which is available in three bead sizes 
viz, coarse (150-3004), medium (75 
1501) and fine (40-754). The coarse an 
medium grades are recommended for us 
in aqueous and organic solvents, and th 
fine grade Yor organic solvents only. 1 
the appropriate solvent the beads swell t 
form zerogels capable of separating mole | 
cules by size via column chromatography... 
Please specify porosity and bead grad 
when ordering. 


FREE DATA SHEETS 


Write or call for free, detailed data sheets 
packaging and pricing information o 
ENZACRYLS®, ENZACRYL® C IM 
MOBILIZED ENZYMES and ENZ 
ACRYL® GEL. 






























. Aldrich Chemical Company, Inc. 


Craftsmen in Chemistry 


Home Office: 

Aldrich Chemical Co., Inc. 

940 W. St. Paul Ave. 

Milwaukee, Wisconsia 53233 
.* 


og 


in Great Britajn: . 

Ralph N. Emanuel Ltd. * 

264 Water Rd., Wembity Middx., 
HAO 1PY, England. 


Belgium 


In Continental Europe: 
Aldrich-Europe 
B-2340 Beerse, 


ALDRICH 
. 06 


in Germany: 

EGA-Chemie KG 

7924 Steinheim am Albuch 
* Germany 
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ell 


a journal of the molecular biology 
of cells and their viruses 


Cell is intended to become a gen- 
eral focus for communication in 
a wide area of cellular biology. 

It will be published by the MIT 
Press at monthly intervals with 
its first issue on January 1, 1974. 


Cell wil! publish papers reporting 
research of general interest in cell 
and viral biology. Decisions on 
manuscripts will be taken as rap- 
idly as possible and papers accept- 
able to the referees will be pub- 
lished within three months, Papers 
may be submitted in molecular 
biology, cell biology, tumor virol- 
ogy and immunology, genetic 
development and other related 
areas. 


Cell also includes reviews. In ad- 
dition to reviews with the tradi- 
tional role of discussinga field in 
some detail, short reviews will 
give conceptual accounts of re- 
cent advances in areas of cellular 
biology. Book reviews and re- 
views of some meetings will also* 
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ERTS — Technological Success, Scientific Failure ? 


INEQUALITY 1n the distribution of research funds does not 
always matter much The mathematician may need no 
more subsistence than a living wage and some money to 
buy pencils, whereas the biologist may want assistants, 
laboratories and electron microscopes No-one, certainly 
not the mathematician, would begrudge that inequality 
There are others, however, which are less justifiable and 
they have sprung up with more regularity 1n recent years 
when the white heat of the technofogical revolution has 
been igniting, with the aid of vast funds, projects which 
ın previous times would have had no cause to take light 
It is now necessary to take a very hard look at some of 
the products of this earlier largesse Consider, for 
example, NASAs Earth Resources Technology Satellite 
for which we must accept the inelegant acronym ERTS 

There can be no doubt that aerial observation of the 
Earth 1s in some circumstances a desirable tool for a 
wide range of disciplines Photography from aeroplanes 
on specific missions has clearly solved many important 
problems Military aerial reconnaissance from satellites, 
such as 1s regularly practised by both the United States 
and the Soviet Union, has established itself as contribut- 
ing in a surprisingly effective way to stability between the 
super-powers Meteorological satellites have shown their 
worth 1n a number of applications Will ERTS observa- 
tions prove equally useful? 

The ERTS launched in July 1972 carried three 
devices— x 


9 a data collection system for relaying data from scattered 
ground sites back to base 

€ a return beam vidicon consisting of three cameras 
operating in different parts of the visible spectrum, and 
€ a multispectral scanner producing continuous strip 
images for four colours, one in the near-infrared 


The satellite ıs ın polar orbit and crosses the equator 
on each orbit at 930 am local time, when viewing is 
said to be most favourable The same spot 1s rephoto- 
graphed once every 18 d 

How useful 1s all this? And if useful, ıs ıt worth the 
money? Such questions are extraordinarily difficult to 
answer At one time Hertz’s work on electromagnetic 
waves was thought to have no uses, on the other hand 
no-one was investing tens of millions of dollars in it 

The operation suffers from one major defect—it is too 
generalised It 1s not possible simultaneously to please a 
large constituency and provide each of them with what 
they need Furthermore it 15 by no means clear that many 
of the users of the ERTS data can make much of 1t beyond 
the 'gee-whizz stage When more detailed work *is* 
attempted the resoltition 1s too poor (objects less than a 
few tens of metres across may be invisible), the time of 
the photograph is unsuitable for the problem or the effect 
is not suitably sampled in 18-d intervals ‘For instance 
one of the uses of ERTS has been claimed to be flood 
assessment, and indeed rather good photographs of flood- 
ing on the Mississippi have ‘been released. But if there is a 


need for rapid assessment, ERTS may not be available for 
many days and even then may be blotted out by clouds, 
whereas a tatlormade aircraft survey could do the job 
quickly and repeat ıt at will It has been claimed that 
ERTS will assist 1n pollution monitoring, and there 1s no 
doubt that it can do so 1n certain circumstances, but 1s 1t 
necessary? Maybe chimneys can be seen smoking, and 
rivers being polluted but this ıs a most expensive sub- 
stitute for ground or near-ground work, and indeed one 
which only records visible or near-visible pollution on a 
largish scale and then only at predictable times and when 
there 1s no cloud cover 

Much has been made of the geological uses of ERTS, 
indeed the publicity has tended to imply that geology ıs 
the study of lineations, and lineations can mean metal 
deposits One cannot imagine why any geologist would 
be prepared to make a partial map of his area— partial 
because of the finite resolution. and because structures 
not visible at 930 am would not be recorded 

Perhaps ERTS is valuable ın agriculture and land-use 
surveying If so, 1s 1t demonstrable that ad hoc low-level 
surveys would not have served the same purpose equally 
well? Unfortunately 1t may be easier for NASA to spend 
tens of millions on ERTS than for some agricultural 
authority to spend a small fraction of this on a more 
conventional survey 

It 15 not possible to examine all the hundreds of ERTS 
projects and to come to any reasoned conclusion that the 
whole ERTS operation 1s poor value or scientifically 
ineffectual, and indeed this very proliferation of projects 
can be used by apologists for ERTS Nevertheless one 
has the distinct feeling that no matter where one looks 
ERTS does not make good sense as a scientific programme 
of high priority for the seventies There are signs that 
NASA may feel the same way The next satellite, 
planned for this year, has been delayed to 1976 Maybe it 
should just be forgotten about 





WE learn from the Bulletin International of the Pans Obser- 


vatory, that Lieutenant Parem and Dr Wykander, while 
passing the winter of 1872-3 on the coast of Spitzbergen, made 
a series of spectrum observations on the Aurora, and determined 
seven different spectral lines, which, according to Wykander, 

, are identical with the spectrum at thé bottom of the flame of, a 
candle or petroleum lamp. * 


From Nature, 8, 536, October 23, 1873. 
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Nobel Recognition for Ethology 


Professors R. A. Hinde 
and W.H. Thorpeof Cam- 
bridge University Sub- 
department of Animal 


Behaviour assess the sig- 
nificance of the award last 
week of a Nobel Prize 
to three animal behaviour- 
ists. 


THE award of the Nobel Prize for medi- 
cine and physiology to Karl von Frisch, 
Konrad Lorenz and Niko Tinbergen 
marks the full emergence of the study of 
animal behaviour from one of the less 
respectable corners of natural history to 
the forefront of the biological sciences 
Before the 1930s most studies of 
animal behaviour were conducted under 
conditions which bore little or no 
relation to those for which the animal 
was adapted, and yet were thought to 
provide material for almost limitless 
generalisations Alternatively they in- 
volved field studies of individual species, 
sometimes conducted with great insight 
but with little apparent generality 
Konrad Lorenz’s great contribution was 
made possible by a quality which stu- 
dents of behaviour had come to look 
upon as a mere nineteenth century 
virtue—the ability to observe with ın- 
sight Through this he acquired an 
extraordinarily detailed knowledge of a 
few species and a broader knowledge of 
many others This permitted him to 
attempt generalisations which began to 
weld the biological studies of behaviour 
into a coherent whole 

As a biologist his early interests were 
in the evolution of behaviour, and he 
focused on stereotype movement pat- 
terns as providing material for the com- 
parative studies of closely related 
species This simultaneously involved 
him 1n studies of internal causation on 
the one hand and ontogeny including 
perceptual development and imprinting, 
on the other Previous to Lorenz's 
work, the ‘problem of instinct’, though 
raised acutely by Darwin, had been 
largely 1gnored because the terms used 
in its discussion were ill*defined or 
meaningless and their relation to each 
other obscure Lorenz, using concepts 
derived from a variety of sources in the 
United States and Europe as well as new 
ones of his own, produced for the first 
time a general system of behaviour with 
reference to both ‘instinctive’ and 
‘learned’ aspects which showed at what 
point observational and physiological 





work could most effectively be directed 
This released a torrent of research in 
the following thirty years Inevitably 
there are some issues on which Lorenz 
turned out to be incorrect Hus energy 
model of motivation, inherited from 
Freud and McDougall, which led him 
into insecure speculation. about the 
nature of aggression 1s now generally 
seen to be misleading, his early attempts 
to divide behaviour into innate and 
acquired elements he later refined into 
a dichotomy of sources of information 
for adaptedness, and he has often been 
too ready to generalise from animal to 
man On such issues as these popularisers 
have done further harm by misunder- 
standing and dramatising the issues But 
1t ıs indisputable that Lorenz 1mparted 
a momentum to the study of behaviour 
it has not since lost 

Lorenz is an acute observer But he 
has never been an experimentalist Both 
von Frisch and Tinbergen have used 
an experimental approach but neither 
has felt that the only way to do experi- 
ments on behaviour ıs to bring the anı- 
mal into a carefully controlled labora- 
tory setting—rather the experiment must 
often be taken to the anımal in its 
natural environment Von Frisch's 
major behavioural work arose from the 
manifest absurdity of C von Hess’s 
claim that bees were colourblind The 
claim had been based on a grotesque 
experiment in which bees had been con- 
fined in darkened boxes with variously 
coloured exits Because they chose at 
random they were assumed to be colour- 
blind Since bees appeared to use 
colour in feeding, von Frisch started a 
careful examination of their foraging 
behaviour This led him to discover the 
now widely known communication sys- 
tem of the bee dances By the very 
nature of the problem he was forced to 
experiment in the field Only because 
he did so did he discover the dance 

Tinbergen's early work was guided by 
the great tradition of natural history in 
Holland and primarily involved seal 
studies In 1938 Lorenz invited him to 
his laboratory ın Austria, and the year 
they spent together, rudely interrupted 
in 1939, was crucially important Tin- 
bergen moved to England a few years 
after the war 

Before he left Holland, Tinbergen had 
already initiated threee major lines of 
work which have continued to occupy 
him and his students One was con- 
cerned with ways 1n which predatory in- 
sects orient in their natural environment, 
and another invofved studies of the life 
history of the*herring gull The third 
and perhaps the best known was made 
possible by the choice of a species al- 
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most ideal for experimental studies—the 
three-spined stickleback Its great merit 
arises from the fact that 1t 1s possible to 
create in a laboratory tank a near 
natural environment where experiments 
can be carried out with great precision 
Its choice by Tinbergen was no mere 
matter of luck 

Perhaps the most important landmark 
in this field of science was Tinbergen’s 
publication, in 1951, of The Study of 
Instinct This brought together the pro- 
ducts of his earlier field studies, of his 
studies of sticklebacks, and of his 
collaboration with Lorenz Perhaps 
even more important was the way in 
which it delineated the problems com- 
paised in behaviour study—not only 
the problems of its immediate causation, 
bui its development in the individual, 
its evolution and its adaptedness From 
this point on there was both a central 
body of theory and a basis of hard 
facts from which to proceed—and also 
some indication of how to proceed, with 
careful observation preceding experi- 
ment and resynthesis accompanying 
analysis to avoid the reductionist fallacy 
Although some parts of the book came 
in for criticism, 1t proved to be a major 
Inspiration for behaviour studies through 
the fifties and sixties 

Three qualities of Tinbergen’s work 
require special mention First it 1s he 
who really perfected the field experi- 
ment While observation always pre- 
cedes experiment in his work, the one 
merges into the other 1n a manner that 
permits a biologically valid analysis 
Second, by applying this method Tin- 
bergen has opened up a previously al- 
most totally neglected set of problems— 
the adaptedness of behaviour The issue 
IS raised by comparative studies, just 
why 1s ıt that closely related species 
differ in their behaviour? By careful 
field experiments Tinbergen has demon- 
strated the adaptive significance of 
many aspects of gull behaviour and 
shown how the different behavioural 
characters of a species fit together to 
form an integrated and adapted whole 
Finally in a subject which too easily 
lends itself to woolly thinking, Tin- 
bergens clarity set standards which 
all can now attempt to emulate The 
importance of this cannot be over- 
emphasised in an area where limited 
lessons about our own behaviour are to 
be learned, but slick generalisations are 
easy 

This award has not been made for 
the solution of a particular problem in 
an established field, but for the creation 
of a new science—ethology, the biologi- 
cal study of behaviour Konrad Lorenz, 
Karl von Frisch and Niko Tinbergen 
have nurtured it through the storms and 
controversies that accompanied 1ts emer- 
gence, and richly deserve the recognition 
they now receive 


H 
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The Life Game: Expectations Disappointed 


Professor J. H. Edwards, 
of the Department of Hu- 
man Genetics, University 


of Birmingham, reviews 
The Life Game, shown on 
BBC TV last Saturday. 





NIGEL CALDER, writing in Nature last 
week (245, 293, 1973) stated the aims and 
the means, and clearly defined the iimi- 
tations of having to keep milions of 
viewers awake for over two hours by 
conducting them, ın Faraday’s words, 
"over paths strewn with flowers" 

The path was evolution, the flowers 
the living evolutionists, captured on film 
and tape and pinned down against the 
background of their studies These 
Specimens were brought from as far as 
possible, preferably from the USA The 
inscrutable East was represented by 
Kimura, who speaks English well, speak- 
ing Japanese while awaiting equally 1n- 
scrutable printed output from a com- 
puter 

We may ask, as of*a many-authored 
book, are the parts accurate, are they 
lucid, do they entertain, are they rele- 
vant, is there a central theme, and is it 
worth the price? 

The standard of accuracy was high, 
and the scrupulous procedure which 
allowed this unusual achievement was 
made clear in Nigel Calder’s prologue 
Lucidity was variable the static models 
which furnished the central lecture 
theatre were rather disappointing, at any 
rate in black and white The haemo- 
globin molecule was not obviously com- 
pounded of sub-units, nor were these 
obviously single stranded 

The DNA spiral, like a rungless 
ladder, lacked its basic asset The studio 
floor showed only the end of evolution 
and lacked a time scale These limita- 
tions were by no means compensated 
for by hiring an elephant which stood 
throughout the programme with daunt- 
less patience 

Some pomts which needed visual 
phylogenetic aids, including the gulls of 
the world, the flies of Hawan, and the 
protein sequences of Fitch, were handled 
ın mere words The scientists did not 
seem to have access to the sort of 
models the BBC seems able to fabricate 
so expertly, or even to have access to a 


blackboard This dominance of editor 
over scientist—or patron over poet— 
lost the essence of science, the child's 
view, the trrumph of simplicity over 
complexity, and the eureka moment 
This was not a programme to make 
viewers rush back to school to change 
their courses and fit themselves for the 
frontiers of ignorance 

The most lucid exposition, and the 
most beautiful, was the dance of 
Swedish school children dressed as bases 
and amino acids Why the BBC went 
to Sweden was not explained Unfortu- 
nately for lucidity the aesthetic challenge 
of a revolving spiral somewhat obscured 
the distinction between replication and 
transcription and no static models were 
used to clarify this basic dogma Muta- 
tion was handled with elegance and 
mystery, but not in the most conven- 
tional way, which would have been easy 
with so many ingredients for childish 
error — Lucidity did not always flow 
from the laboratory in some the 'teams 
in tidy rooms’ relentlessly pursuing truth 
or rejecting hypotheses suggested the 
analogy of a war correspondent coming 
back with films of a regimental parade 

Entertainment value was difficult to 
assess The scientists themselves were 
not as entertaining as they might have 
been in a less constrained environment 
their occasional demonstrations of swim- 
ming underwater, piloting aeroplanes, 
and the distress felt by one over Viet- 
nam, did little to sweeten the pill 

The central theme, which I take to 
have been ‘chance or necessity’ pro- 
vided a far from constant and coherent 
thread some parts, including the 
differentiation of Hydra and chick, 
seemed of little relevance in spite of 
their intrinsic. interest and excellence 
The games theory approach was ingen- 
tous but its lucid introduction by May- 
nard Smith came almost at the end The 
Life Game differed from The Violent 
Universe and The Restless Earth in being 
less observational and more exper- 
mental in content and this made it more 
difficult to handle as a spectator sport 
under the dominance and guidance of 
a director, and évén more difficult under 
a changing cast of directors 

Notwithstanding clayns to the con- 
trary, nothing whick was expressed re- 
quired computers éhg possibility of dis- 
playing synthetic evolution in real time 
on computer consoles was not realised 
although this would seem ideally suited 
to television Nor were sounds exploi- 


ted the calls of neighbouring gulls, or 
even the courtship noises of the flies, 
might have broken the silence or the 
music 

Finally, was the expense of this 
extravaganza justified? Unfortunately 
the cost seems a trade secret 1t would be 
of interest to know how it compared with 
its dlustrious predecessors on earth or 
sky, or with Bronowski’s one-man tour, 
or with the annual budget of the Open 
University series, or even with War and 
Peace or The Forsyte Sage, those other 
epics of chance and dissolution 

An apparently reasonable question 1s 
why did our national broadcasting com- 
pany spend so much on travel when 
many of the problems, and the experts, 
were at hand? When the haemoglobin 
molecule was unravelled ın Cambridge 
and both negro immigrants and Africans 
are at hand, why go to New York to 
photograph a family being screened for 
sickle cell disease? When the natural 
protein variabilittes were first extensively 
studied on man 1n London, why demon- 
strate it on fles m Chicago? When 
Edinburgh ıs a world centre for repeti- 
tive DNA why go to film this 1n Califor- 
nia? When one of Kimura's leading 
mathematical critics 1s in Brighton, why 
track down his major non-mathematical 
critic in the USA? Why film children's 
games in Stockholm, rather than Shep- 
herd’s Bush? The answer is that the 
programme ıs being jointly produced by 
many countries, each of which pre- 
sumably needs at least a slice of the 
action British taxpayers, unaware of 
this, might have wondered whether the 
expense was justified 

The problems are difficult, as Calder 
pomts out it is easy to find fault but 
not easy to succeed in the challenge to 
retain uninformed viewers for two and 
a half hours on Saturday evenings To 
have avoided either error or sensation- 
alsm is a considerable triumph of in- 
tegrity over temptation The investment 
is, one hopes, not fully exhausted as the 
many items each justify a programme in 
their own eettings and some, including 
the Galapagos, have yet to be seen The 
reviewer was ill-sutted to judge the edu- 
cational value, lacking the appropriate 
ignorance of the field His expectations 
had been aroused before the programme 
by David Attenborough's television pro- 
gramme on the giant caves of Borneo 
earlier thaf week and by Nigel Calder's 
prologue in Nature on the preceding day, 
and he wa$ disappointed 
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Hope at Last for Civil Servant Scientists 


AT long last the Government has 
announced that it has referred to the 
Pay Board the question of what criteria 
and methods should be used for deter- 
mining the pay of the science group 
within the Civil Service The govern- 
ment's intention was first made public 
last April but 1t has taken six months for 
Whitehall actually to present the issue 
to the Pay Board 

Mr William McCall, General Secre- 
tary of the Institution. of Professional 
Civil Servants said. this week that the 
position. of civi] service scientists 1S 
now much worse than it was at the 
beginning of the present campaign to 
bring the salary of government scien- 
tists into Ime with the administration 
and technology grades He also said 
that it 1s imperative to get acceptable 
recognition for government scientists 
and that it 1s essential to solve the long 
term problems of parity with other 
grades 

The problem “merits being designated 
a special case” under Phase Three of the 
government’s pay plan, said Mr McCall, 
and it will be quite inequitable if the 
government does not accept that 

The Pay Board will not determine 
the pay scales of government scientists 
but what it will decide are the methods 
and criteria for determining pay In 
the past, the pay of government scien- 
tists has been determined by a process 
known as Pay Research under which 
the salaries of government scientists are 
compared with the salaries of scientists 
working outside the service, for example 
in industry Such a system, according 
to the IPCS, ıs unfair as there are so 
many scientists working ın government 
(about 17,000) that ıt ıs 1nevitable that 
salaries outside the civil service are 
to some extent determined by the 
salaries paid by the government. There- 
fore the system breaks down ‘The 
institution would much prefer to see 
equity developed within the civil service 
and the pay of the scientists matched 
to the pay of the administration and 
the professional and technology grades 
An Administrative Principal working 
outside London now commands a 
salary at the top of the scale of £4,708, 
and a Professional and Technology 
Principal’s maximum ıs £4,760 The 
Principal Scientific Officer 1s very much 
at the bottom of the league table earn- 
ing, at most, £4,387 What is distressing 
to the scientists and their anion officials 
ıs that as recently as 1969 the’ maximum 
salaries of alb three grades were 
comparable . 


The issue first came to a head ın the 
summer of 1971 when massive demon- 
strations 1n favour of an 1ncreased salary 
for government scientists occurred. Mr 
McCall at this time boldly stated that 
there would never be another pay 
exercise for scientists in government 
employ in Britain The issue, at that 
time, resulted 1n an independent tribunal 
being set up which brought in a verdict 
which did not wholeheartedly favour 
the scientists’ case But it offered them 
more than the government was prepared 
to do following a pay research inquiry 

Since then the situation has developed 
into a stale mate The IPCS pressed 
for an independent committee to deter- 
mine the criteria by which the pay of 
government scientists should be deter- 
mined The government prevaricated 
until September 1972, when the first 


phase of the current prices and income 
strategy was introduced, which effec- 
tively brought negotiations, for what 
they were, to a halt Finally ın April of 
this year the government agreed 1n prin- 
ciple to refer the matter to the then 
newly set up Pay Board 

A decision 1s expected from the board 
within two months The procedure will 
be that the IPCS and the Civil Service 
départment will both present their cases 
and both sides will be bound by the 
boara’s decision 

Mr McCall says that he 1s confident 
that the institution’s case is so strong 
that there ıs no likelihood of the board 
recommending a return to pay research 
But if the worst comes to the worst 
the institution will accept the Pay Board’s 
decision, provided the official side does 
likewise 


Pe ee SS MŘi 


Uranium Resources 


Uranium demand for nuclear power 
programmes, currently 19,000 tonnes 
of metal a year, will treble by 1980 
and quintuple by 1985 By then 100,000 
tons per annum will be needed, accord- 
ing to a report published by the Organ- 
ization for Economic Cooperation and 
Development “It 1s therefore essen- 
tial that urgent steps be taken to increase 
the rate of exploration for uranium so 
that an adequate reserve may be main- 
tained" 

The report also gives a fuller guide to 
Britain's uranium deposits than has 
been available to date The Institute 
of Geological Sciences undertook a five- 
year survey for the United Kingdom 
Atomic Energy Authority in 1965 to 
try to find uranium in Britan Al- 
though the fact that the search was 
successful has been announced, the 
quantities discovered have not been 
disclosed The report states that wide- 
spread but low-grade enrichment was 
found in Caithness and Orkney in 
Devonian sediments, with local enrich- 
ments providing “a few thousand tons 
of U40, probably coming within the 
$10-15 per pound price range" In- 
vestigations in the sovtthfwest of Britain 
have revealed concentrations associated 
with wrench fgults ın proximity to 
Hercyniam* granites The report 
suggests that sorge, structures "show 
evidence of continuity sufficient to 1ndi- 
cate resources 6f the order of hundreds 
of tons of U,0," 

The report—a joint study undertaken 


by the Nuclear Energy Agency and the 
International Atomic Energy Agency 
puts reasonably assured world resources 
of uranium that can be mined at $10 
per pound at 866,000 tonnes with a 
further 916,000 tonnes of estimated addi- 
tional resources that can be mined at 
the same price Oace the price increases 
to up to $15 per pound a further 680,000 
tonnes of reasonably assured resources 
are thought to be available, along with 
632,000 tonnes of estimated additional 
resources 

Although these figures are appreciably 
larger than those produced by the last 
OECD report on uranium (published in 
1970) the agencies note that "current 
uranium prices are generally not quite 
adequate to permit the necessary 
exploration or to provide the increased 
expansion of production capability 
needed” The agencies also point out 
that in arriving at their estimate the 
possibility that many countries may 
accelerate their nuclear programmes 
because of an energy shortage “was not 
taken into account” 

The agencies warn that some means 
must be found to ensure that the produc- 
tion levels required are achieved so as to 
avoid an unstable market in the 1980s 

No solutions are suggested, but a 
further warning m issued about the 
demand for uranium enrichment plant 
Existing and planned capacity over the 
next decade 1s likely to be adequate until 
the early 1980s, but when additional 
capacity 1s needed it will be needed very 
quickly indeed, to meet a huge leap in 
demand 
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Short Notes 


Geophysics Comparison 
AN interesting, even if outdated, com- 
parison of the systems of teaching and 
research ın Earth science departments 
in Britain and the United States is to 
appear in the next issue of Comments 
on Eaith Sciences Geophysics In 1970 
a questionnaire was distributed to 25 
British based Earth scientists who had 
spent a substantial part of their careers 
in the United States The questionnaire 
asked these scientists to grade on a 
scale of —2 to +2, different aspects of 
Earth science departments in the two 
countries A —2 mark implied that 
the system in the USA 1s very superior 
whereas a +2 mark implied the 
superiority of the British system It 
comes as no surprise to most, perhaps, 
that the system in the USA came out 
In most aspects to be better, in the 
opinion of the 25 scientists polled In 
particular, it was felt that in the United 
States there ıs much more encourage- 
ment and opportunity for the scientists 
to present papers at professional meet- 
ings The British system ıs only con- 
sidered to be superior in a few aspects, 
one of which was that the quality of 
students, at least in 1970, was better 
in Britain Surprisingly, there also 
seemed to be more technicians available 
in Britain than in the United States 

Professor Keith Runcorn of the Uni- 
versity of Newcastle on Tyne, who with 
Professor N D Watkins and Dr Peter 
Smith organised the questionnaire, said 
last week that it 1s important to realise 
that the opinions reported did refer to 
three years ago and that the tight money 
Situation in. the United States might 
bring out different opinions if the poll 
were carried out now 

The questionnaire has, however, had 
one effect The Education Committee 
of the Geological Society of London 
and the Committee for Higher Educa- 
tion in the Earth Sciences are jointly 
organising a symposium next May on 
post-graduate teaching in the Earth 
Sciences It 1s proposed to discuss the 
implications of the questionnaire at this 
meeting It would be of real value 
if a more up-to-date questionnaire could 
be made available by then It will ın- 
evitably be asked to what extent the 
financial squeeze in the United States 
and the growing awareness of the defects 
of the British system of post-graduate 
teaching has affected the situation in the 
past three or four years 


Student Grants . 

BorH the Department of Education and 
Science and the Committee of Vice 
Chancellors and Principals had some- 
thing to say about student grants last 
week The committee’ issued some 
appropriate advice to the department 
about student grants The department, 


on the other hand, increased the allow- 
ance in respect of the first child of a 
student who has no wife or husband, 
from £2 02 to £4 81 a week 

The department points out that its 
main awards scheme is designed to “dis- 
courage students from taking on com- 
mitments—such as marrying and raising 
a family—after their course has started" 
Under this scheme many students find 
that they are not eligible for dependent’s 
allowances as these are only provided for 
students who are both married and over 
25 years of age (21 for women) or who 
have supported themselves for three 
years before their course started The 
Students who are left out in the cold 
by these conditions can apply to their 
local education authorities but if the 
LEA turns down the request the stu- 
dent then has to apply to the Supple- 
mentary Benefits Commission. The 
new arrangements will ensure that uni- 
form treatment is accorded such stu- 
dents in future 

There is no doubt that the Com- 
mittee of Vice Chancellors and Princi- 
pals feels that students are under- 
supported It points out that in recent 
years the government has begun to 
threaten the principle that grants 
should be available to cover the basic 
maintenance costs “by fixing grants 
which fall short of basic living costs” 

This, says the committee, is in direct 
conflict with government policy which 
requires universities to make economic 
charges for board and lodging In this 
respect the committee points out that 
Student protest directed against the uni- 
versities “ıs misconceived" “It wastes 
time and money on conflicts which are 
not created by universities and which are 
not in their power to resolve ” 

The advice from the committee to the 
DES ıs that student grants should be 
fixed at realistic levels and reviewed 
annually to take into account changes 
in the cost of living Such statements 
are bound to find favour with students 
although the department might well find 
the exuberance of the committee 
embarrassing 


Scientific Information 


THE Office for Scientific and Technical 
Information (OSTI) after eight years 
within the Department of Education and 
Science will be transferred to the aegis 
of the British Library next April Once 
this has been done OSTI will extend tts 
activities, which now include the natural 
and social sciences, to cover also the arts 
and the humanseties 

But there are some aspects of OSTI’s 
present work which will not go along to 
the British Library gex? Aprik Respon- 
sibijty for the coordination of national 
effort ın scientific *afid. technical infor- 
mation will remain within the DES, as 
will the allocation of postgraduate train- 
ing awards in information science, while 
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the Science Research Council will take 
over the support of critical data compila- 
tion 


Daresbury Decision “imminent” 
A DECISION from the Department of the 
Environment on whether the nuclear 
structure facility planned for Daresbury 
can be built is "imminent" a spokesman 
for the Science Research Council said 
this week A public inquiry on the 
facility was held in July this year at 
which Professor Alick Ashmore, Direc- 
tor of the Daresbury Laboratory, gave 
evidence along with a number of his 
staff and other SRC witnesses Other 
witnesses who spoke for the project, 
which will provide the SRC with a 20 to 
30 million volt electrostatic accelerator, 
included the Cheshire County Planning 
Officer 

The inquiry resulted from Mr 
Geoffrey Rippon, Secretary of State at 
the Department of the Environment 
calling the plans in, after Cheshire 
County Council had approved them 
Objections came chiefly from the Dares- 
bury villagers as the proposed accelera- 
tor's tower would be seen from the vil- 
lage, particularly from the church Feel- 
ing was that with Runcorn and Warring- 
ton both expanding fast the Daresbury 
area should be protected as a small 
island of relatively unspoilt countryside 

Assuming Mr Rippon approves the 
plans soon, only six months will have 
been lost as a result of the inquiry If 
any major changes are recommended, 
however, the whole project would have 
to be seriously rethought At the in- 
qury Dr R G P Voss, deputy director 
of Daresbury, argued strongly on tech- 
nical grounds that the accelerator should 
not be turned over on its side—the posi- 
tion used to date for most other electro- 
Static accelerators which have been built, 
for example, the 15 million volt machines 
built by the High Voltage Engineering 
Corporation of Burlington, Massachu- 
setts If Dr Voss's case has not carried 
the day, 1t 1s possible that the old argu- 
ments as to where the facility ought to be 
sited will have to be reopened 


Tea and Sympathy 

Two new additions to the Soviet cuisine 
were announced this week, a high- 
protein, high-vitamin content “delicat- 
essen páté" of Antarctic krill, and an 
instant tea produced from waste clip- 
pings of the tea-bush, said by the tasters 
to be indistinguishable from a well- 
known Afnerican brand made from 
“the usual leaf” 


Credit where Credit is Due 
‘CONVERSION from wavelength metres 
fo frequency KHz was by permission 
of World Radio-TV Handbook ' 


Acknowledgment at the end of a 
Sunday Times colour Supplement article 
October 14 
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Energy Research Expands Rapidly 


by our Washington Correspondent 


Tue first instalment of a massive 
research and development programme, 
aimed at opening up new sources of 
energy within the United States, was 
unveiled last week Administration 
officials outlined plans to spend more 
than $1,000 million on energy research 
and development this financial year— 
about $115 million more than had 
originally been set aside for such activi- 
tes Moreover, as President Nixon 
announced in June and reiterated last 
week, the extra helping 1s simply a pre- 
lude to a programme which will soak up 
more than $10,000 million by 1980 

At the end of June Nixon promised, 
as part of his second message on the 
energy crisis (see Nature, 244, 4, 1973), 
to step up spending on energy research 
and development He then dumped 
into the lap of Dr Dixie Lee Ray, 
Chairman of the Atomic Energy Com- 
mission, the problem of how an extra 
$100 million can best be spent on such 
activities this year Ray produced her 
report in a little over two months, it 
was reviewed by the Office of Manage- 
ment and Budget and the White House s 
Office of Energy Policy, and it was the 
fruit of those endeavours that was 
unveiled last week 

Coal research 1s the chief beneficiary 
of the largesse, for it 1s set for an in- 
crease of some $50 million above the 
president's budget request Projects 
aimed at liquefying coal will get $304 
million this year—nearly three times 
more than last year—and research into 
coal gasification 1s set for $63 million, up 
from $33 4 million last year 

Also earmarked to share in the 
bonanza is research and development 
on geothermal energy resources, fusion 
and solar energy s: 

Among other areas scheduled for large 
Increases above the original 1974 
budget request are the following 


@ The development of technologies to 
remove sulphur oxides from fuels and 
stack gases, which will allow the use of 
high sulphur oil and coal without harm- 
ing the environment , this is earmarked 
for an increase of $12 millign over the 
budget request 

@ Energy conservation, which ts set for 
a $6 million increase, particularly for 
programmes expected to produce results 
in the relatively near future i 
€ Research and development on gas 
cooled nuclear reactors, with the bulk of 
the increase going to research on 
thorium as a nuclear fuel, and on 


reactor safety, $7 million has been added 
to the budget for those activities 
@ The development of new automobile 
engines which will be more efficient ın 
their use of fuel, such programmes get 
an extra $6 million 

As usual in such matters, however, the 
figures put out by the Administration 
last week are a little misleading, and 
seen 1n relation to Congressional activi- 
ties, they are not as generous as they 
seem 

First, the Administration. claims. to 
have added $115 million to the $887 
million it had requested in its original 
1974 budget estimates, but a look back 
at the figures in that budget shows that 
the Administration was requesting only 
$772 million The difference is ex- 
plained by the fact that the definition of 
‘energy research and development’ has 
been broadened to include such items as 
energy conservation, environmental 
effects and automotive research The 
inclusion of such items brings the total 
expanded programme to the politically 
appealing figure of $1,000 million 
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Second Congress has already passed, 
or 1s about to wrap up, appropriations 
bills which have added between $80 and 
$90 million to the Admiunistration’s 
original budget request Thus the plan 
unveiled last week 1s only some $20-$30 
million greater than Congress has al- 
ready approved 

One aspect which 1s causing some con- 
cern, however, is where the money will 
came from As President Nixon ıs 
repeatedly telling the world, he has no 
intention of raising taxes, and has a firm 
commitment to hold federal spending to 
$269,000 million this year The ques- 
tion, therefore, 1s will the extra money 
for energy research come from some- 
body else’s budget—biomedical research, 
for example? Ata press briefing in the 
White House last week, Dr H Guyford 
Stever, Director of the National Science 
Foundation and the Presidents science 
adviser, Dr Ray and other Administra- 
tion offictals indicated that the money 
would simply be added on to the total 
budget, but there is still considerable 
confusion about the matter 


pu CE M MEL Sa 


MEDALS OF SCIENCE 


Nixon Speuks 


by our Washington Correspondent 


Ir is not often that President Nixon 
talks in public about science, but when 
he does, his words are carefully watched 
for any indications. of the way the 
budgetary winds are blowing Last 
week, Nixon made many interesting 
remarks about science, but unfortun- 
ately they received little notice because 
they clashed with a rather more news- 
worthy event—Mr Agnew's resignation 
'The occasion was a White House cere- 
mony during which eleven scientists 
received the National Medal of Science 
He tackled an area in which his 
Administration has been heavily criti- 
cised by the scientific community—the 
inadequacy of the science budget 
“Well, the budget is a problem in 
many areas I can only say, however, 
that in the field of basic research, when 
it comes to problems of,energy, when it 
comes to problems of the environment 
we must allocate a larger proportion of 
our natiogal inceme to those areas 
“What I am sayrffg is simply this We 
all know that becsute the United States 
needed a concentration on defense at a 
critical time, and then later a concentra- 
tion on space that this opened up broad 


new vistas in the areas of science, and 
this also resulted in a much greater 
federal contribution and the justification 
for it from a budgetary standpoint But 
now as we turn from war to the works 
of peace, we must not cut back on that 
research 


"What we must do is channel the 
efforts in the field of research to peace- 
ful uses, the field of energy [and] eco- 
logy and not, of course, by men- 
tioning these two to in any way down- 
grade the efforts we should make in 
the fields of health, education and 
others 


As for the Medals of Science, they 
were not awarded im 1971 or in 1972 
and no explanation has been offered by 
the Administration for the lapse This 
year's winners are Dr Daniel I Arnon, 
University of California, Berkeley, Dr 
Carl Djerassi, Stanford, Dr Harold 
Edgerton, MIT, Dr William Maurice 
Ewing, University of Texas, Dr Arie 
Jan Haagen-Smit, California Institute of 
Technology, Dr Valdimir Haensel, Uni- 
versal Oil Products Inc, Dr Frederick 
Seitz, Rockefeller University, Dr Earl 
W Sutherland Jun, Miami University, 
Dr John Wilder Tukey, Princeton, Dr 
Richard T Whitcomb, NASA, and Dr 
Robert Rathbun Wilson, National 
Accelerator Laboratory 
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NEWS AND VIEWS 


And Now the Rolling Mantle 


Ir may never be easy to come to terms with a major new 
hypothesis, idea or way of looking at thmgs during its 
early years For one thing, there is the purely practical 
point that 1t is likely to be difficult to see precisely what 
is going on The central idea itself may be only vaguely 
formulated or imperfectly expressed, 1ts characteristics 
and implications may be unclear or in dispute, the data 
required to confirm or refute speculation may be 1ncom- 
plete or even non-existent, and what data are available 
may be interpreted im different ways by different people 
to give conflicting conclusions Ultimately, the idea will 
evolve to the point where it 1s either rejected or accepted 
as the conventional wisdom, but in the meantime the 
Situation 1s likely to be confusing to participants and 
onlookers alike 

Such 1s the case with the concept of thermal plumes in 
the mantle, and one can understand Tozer’s exasperation 
(Nature, 244, 398, 1973) at the apparent use of the phrase 
‘thermal plumes’ to indicate little more than ‘states of 
mind’ Do plumes exist or not? If they exist, how do 
they differ from conventional views of rising magma? 
Are the supposed plumes fixed to the mantle or are they 
in motion? And if they move, do they do so randomly 
(with or without reference to the processes embodied in 
the new global tectonics), in small or large groups, or all 
together? Does material from rising plumes replenish 
the asthenosphere? How might plumes be used to infer 
something about, say, the possibility of polar wandering? 
The list of questions 1s endless, and none has yet been 
answered satisfactority For the time being one can do 
little more than fall back on the old clichés that it 1s early 
days yet and time will tell 

The state of uncertamty is well illustrated by some 
recent attempts to come to terms with the question of 
whether the supposed mantle plumes (or hot spots) move 
Last year, Morgan (Mem Geol. Soc Am, 132, 7, 1972) 
concluded that relative motion between plumes in the 
Pacific could have been as much as 1 cm yr”, and Duncan 
et al (Nature, 239, 82, 1972), assuming plumes to be 
fixed with respect to the Earth’s rotational axis, showed 
that European plate motion predicted by plume traces 1s 
Inconsistent with palaeomagnetic data for the past 
50 million years, and invoked polar wandering to explain 
the discrepancy Munster et al (Eos, 54, 238, 1973) have 
used observations of relative velocities between plates at 
plate margins to construct a numerical model of instan- 
taneous plate tectonics which is consistent with the view 
that plumes (with the exception of Iceland) are fixed 1n 
the mantle Molnar and Atwater (Eos, 54, 240, 1973), 
on the other hand, have rotated plates back to their 
13 my and 38 my positions to show that some hot spots » 
(especially Iceland and St Paul/Amsterdam) probably 
move with respect to each other Clague and Jarrard 
(Eos, 54, 238, 1973) constructed a rotational model for 
the Pacific plate based on the Hawauan het spot and, 
on the assumption that Pacific hot spots are fixed with 
respect to one another, successfully predicted the ages of 
other Pacific seamount and island charms (with the excep- 
tion of two ages in the Austral chain) 
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A few weeks ago, however, Burke et al (Nature, 245, 
133, 1973) showed that all hot spots cannot maintain a 
stable configuration, although the members of small 
groups of hot spots may well remain fixed to one another 
It may also be noted in passing that the same authors 
(Kidd et al, Eos, 54, 238, 1973) have concluded that all 
plumes are not permanent anyway, durmg the past 
100 my, new plumes have appeared and others have 
disappeared, and there are some which exist but fail to 
make any volcanic mark on the surface even when 
beneath stationary plates 

Into this confused situation, Hargraves and Duncan 
have now introduced (on page 361 of this issue of Nature) 
what may turn out to be a reconciling factor—the possi- 
bility of mantle motion mdependent of the lithosphere 
(mantle roll)—largely m response to a dilemma posed by 
their earlier work (Duncan ef al) and that by McElhinny 
(Nature, 241, 523, 1973) The problem was that soon 
after Duncan and his colleagues had invoked polar 
wandering to explain the discrepancy between European 
plume traces and palaeomagnetic data, McElhinny used 
purely palaeomagnetic results from all hthospheric plates 
to show that the lithosphere has not moved as a unit with 
respect to the rotational axis for the past 50 my In 
other words, if the European discrepancy is not to be 
attributed to polar wandering in its guise as movement 
of the whole lithosphere, what must be involved 1s move- 
ment of just the mantle (rather than Just the lithosphere, 
or the mantle and hthosphere together) with respect to 
the rotational axis, or movement of the plumes with 
respect to the mantle 

By extending their analysis to more plume traces on 
other plates, Hargraves and Duncan now show that the 
discrepancy between palaeomagnetic and plume trace 
data is a feature of several plates and thus, ruling out 
lithospheric rotation as the cause, that the plumes must 
move in relation to the Earth's spin axis Moreover, the 
discrepancies are different for different plume traces The 
fact that the discrepancies are not equal suggests, on the 
face of 1t, that plumes move with respect to each other 
im the mantle, in which case there 1s no need to invoke 
any movement of the mantle with respect to the rotational 
axis But Hargraves and Duncan have chosen to look 
at the problem in a different way and ask the followmg 
question Is there any systematic motion of the mantle 
as a whole with respect to the rotational axis which, 
carrymg the plumes with 1t, can account for the various 
different trace-palaeomagnetic discrepancies without 
destroying the stable configuration of the plumes? 

The answer to this questioh seems to be positive, at 
least ın the sense of least squares, for Hargraves and 
Duncan have been able to identify a best-fitting axis for 
mantle rotation which reduces the apparent motion 

e betweeft plumes to a minimum In other words, accepting 


e ethat the lithosphere ås a whole remains fixed with respect 


to the rotational axis, they propose that the mantle may 
nevertheless rotate or roll about an axis which differs 
from the Earth's spm axis As 1f does so, it carries the 
plumes with it in a near-stable configuration, relative 
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motion between plumes 1s minimal, but the possibility of 
some interplume motion cannot be completely excluded 
Because the mantle rotates, the existence of plume trace- 
palaeomagnetic discrepancies is expected; and because ıt 
rotates about an axis independent of the Barth's spin 
axis, the magnitude of any discrepancy will depend on 
the distance between the relevant plume and the pole of 
the mantle roll axis 
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It 1s this ability to view the apparently disparate 
behaviour of mantle plumes as the result of a single process 
which makes the Hargraves-Duncan model of particular 
interest. The behaviour of the eight plumes used to 
derive the model must clearly be consistent with ıt The 
obvious question to ask now 1s whether the hundred or 
more other plumes can be fitted 1nto the same pattern 

PIS. 


Where are the Messengers Going? 


Ir ıs remarkable how rapidly wonder gives way to bore- 
dom as new messenger RNAs, one after the other, appear 
on the biological scene It 1s only five years since the first 
reports confirming the existence of mRNA in animal cells 
were published, first a note on a heterologous system using 
two genetic variants of rabbit globin differing ın one amino 
acid position ın the o chain from Schapira and his col- 
leagues, then the definitive work of Lingrel and his group 
Lingrel ın particular realized that ıt 1s neither the purity 
of the cell free system that 1s used, nor its distance (in 
speciation) from the added mRNA, that 1s critical, but the 
existence of a sensitive and positive assay for the newly 
synthesized protein A mixed system of mouse and rabbit 
or mouse and duck reticulocyte components 1s every bit 
as definitive as one using Escherichia coli ribosomes, pro- 
vided the new protein can be clearly separated from any 
endogenous protems that are made Although purified 
protein synthesis systems have now been perfected which 
respond to added mRNAs, the crude reticulocyte lysate 
first used in this way by Lingrel 1s still a most active and 
favourite method for assaying new messengers 

It 1s interesting to note m retrospect that the only inter- 
specific cross which cannot be obtained easily ıs the very 
one most sought after in early work—the translation of 
mammalian mRNA by a bacterial cell-free protem 
synthesis system Bacteriophage Q8 mRNA can be trans- 
lated in mammalian cell-free systems (Aviv et al , Science, 
178, 1293, 1972) and rabbit globin has been synthesized 
using wheat embryo translation machinery (Efron and 
Marcus, FEBS Lett, 33, 23, 1973) Any messenger 
specific factors 1n translation may be quantitative rather 
than absolute 1n their effect, or involve systems such as 
virus-infected cells 

Using traditional techniques of sucrose gradient centri- 
fugation several mRNAs were isolated from cells which 
make predominantly one type of protem—globin, of 
course, from several species, immunoglobulin, lens crystal- 
lns Occasionally biological tricks come to one's aid 
rather than plague one—histone synthesis 1s particularly 
active ın early embryonic stages, and ıs confined to 
smaller polysomes Only a few mRNAs can, however, be 
isolated 1n this way, and some of the most interesting will 
only be present in low ameunts 1n any given cell type 

Dramatic recent advances have been made in the 
development of techniques for the :solation of ‘minor’ 
messenger RNAs, some making use of the ubiquitous 


polyadenylicacid sequence and others mmunologtoally pfe- , 
cipitating specific polysomes Using such immunological, , 


procedures the mRNAs for catalase, K-type 1mmuno- 
globulin, ovalbumin and specific lens crystallins have been 
obtamed Sinte the nascent polypeptide chain often has 
the same immunological specificity as the completed pro- 


tein, and antibodies can be prepared at high activity and 
stringent specificity, this ıs a method of very great poten- 
tal The technical problems are for the most part those 
of the immunological component of the system ways of 
preventing non-specific polysome precipitation and of 
removing contaminating ribonucleases from the anti- 
bodies Although each group has found its own solution 
to the problems, the various ways chosen would indicate 
that any method giving a very highly purified ribonuclease- 
free antibody would succeed A good example of the use 
of antibodies for the preparation of ovalbumm mRNA has 
been described by Schimke and his colleagues (J biol 
Chem , 248, 540, 1973) 

Since there are several thousand cellular proteins to 
which antibodies have been produced, many of defined 
function 1n cellular but not molecular biology, the scope 
of these techniques 1s now such that one can predict the 
isolation of many mRNAs ın the near future—including 
some for proteins of mainly biological and developmental 
mterest The aberrant size of some bovine crystallin 
mRNAs (Mathews et al., Nature new Biol , 236, 5, 1972) 
has focused attention back onto the size and amino acid 
sequences of the proteins . 

Of course, only one or two per cent of the RNA found 
m polysomes ıs mRNA, the rest 1s mostly ribosomal RNA, 
1nvolved ın protein synthesis but carrying no information 
for the amino acid sequence of proteins As 1s now well 
known, most animal (and probably plant) messenger 
RNAs, with the exception of histone mRNA, carry 
poly(A) sequences from 50-300 residues long at the 3’ 
terminus These long poly(A) sequences are added after 
transcription, m the nucleus The poly(A) sequence will 
specifically interact with poly(U) or poly(T), forming 
hydrogen bonds like those found ın double-stranded 
nucleic acids Since only mRNA contains poly(A) 
sequences, ribosomal RNA will not bind to poly(U) or 
poly(T) attached to inert columns of cellulose or Sepharose 
The bound mRNA can be eluted by lowering the ionic 
strength of the buffer or with formamide, which weaken 
the hydrogen-bonding interaction Therefore, if the poly- 
somes making a specific protein can be isolated free from 
other polysomes, the messenger RNA can be prepared 
completely pure of other mRNAs and of ribosomal RNA 


. » Alternatively, a shotgun approach sometimes succeeds 


total mRNA 1s prepared free of ribosomal RNA, and then 
the fraction of the approximately correct size 1s taken 
from a gel or gradient This is then tested ın a sensitive 
cell-free system Of course, such mRNAs must be less 
pure than those prepared with a preliminary 1mmuno- 
logical step, but such a technique can be applied to muscle 
(for the isolation of the mRNAs for actin and myosin, 
which are widely different in molecular weights), liver, 
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where Shafritz et al (J biol Chem , 248, 3220, 1973) have 
recently identified ferritin mRNA, or similar tissues with 
a restricted spectrum of protein synthesis 

The discovery of reverse transcriptase, a viral enzyme 
which can make DNA copies of RNA molecules, has had 
a very considerable impact on the technology of the study 
of mRNA The copies can be made very hot—up to 
approximately 80X 10* d pm per ug with tritum. Thus 
for the first time the number of genes for a specific mRNA 
can be accurately estimated even when the genes are 
present only as single copies—looking for one part in 
10 million in the mammalian genome The cDNA copied 
from the mRNA hybridizes to the ‘mmus’ strand of the 
gene, rather than the coding strand, but the two are, of 
course, present at the same multiplicity New techniques 
using 10dine labelling of RNA, which also give very high 
specific activities, may allow an easy extension of these 
hybridisation techniques to most MRNA molecules 

Most of the mRNAs which have been looked at seem 
to be copied from ‘unique’ DNA, thought to be present 
In single copies—this is true for globin from several 
species, ovalbumin and probably immunoglobulin light 
chain constant region Only histone genes have been 
shown to be present at a multiplicity of several hundreds, 
m the case of sea urchins One- cannot but surmise that 
the absence of poly(A) and the gene multiplicity, both of 
which are at this time unique attributes of histone mRNAs 
among the admittedly few mRNAs studied, may be in 
some way related to one another But 1t 1s early days yet 
only some twenty mRNAs have been identified and, of 
these, the genetic linkage and numericity has only been 
determined for some half dozen, and that but tentatively 

Once a specific messenger RNA can be obtained, what 
use 1s 1t, other than as a molecular biologist’s plaything? 
The practical potential 1s considerable As Friedmann 
and Roblin recently pointed out in a very thorough exam1- 
nation of ‘gene therapy’ for human diseases (Science, 175, 
949, 1972), there are still many problems to be overcome 
before absent or defective genes can be supplied or cured 
for conditions such as phenylketonuria or sickle cell 
anaemia The existence, however, of messenger RNAs 
for such important protems would be the first step in 
determing the gene sequence and either isolating the 
gene directly by hybridisation or synthesising it enzymati- 
cally 

Gene isolation procedures are merely an extension of 
existing DNA/RNA hybridisation technology. As Shih 
and Martin (Proc natn Acad Sci USA., 70, 1697, 1973) 
have shown for the simian viral DNA SV40, once a 
Bene specific RNA (for example, a messenger RNA) can 
be obtained ın large quantities, 1t can be linked to cellulose 
chemically and will function to anchor its homologous 
DNA by a straightforward hybridisation mteraction 
Attempts are already in progress in several laboratories to 
extend such isolation procedures to other mammalian 
systems 

But before moving to the science fiction realm of trans- 
forming cells with necessary or pleasant genes, there ares 
more mundane possibilities which have received less 
attention It is well known that cells grown from amniotic 
fluid removed during early pregnancy may reflect specific 
enzymatic or chromosomal defects which can be corre- 
lated with specific human genetic disorders Accurate 
chromosome mapping procedures coupled with im situ 
hybridisation of specific labelled mRNA or complemen- 
tary DNA copies made with reverse transcriptase should 
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allow a correlation between the structural defects seen and 
their enzymatic manifestations 

After many years of hints from various groups of 
attempts to sequence specific mammalian mRNAs, the 
first report of success appeared m August of this year 
(Brownlee et al, Nature new Biol, 244, 236; 1973) 
Immunoglobulm mRNA ıs a single polynucleotide chain 
(globin mRNA ıs a mixture of messengers for o and £ 
chains) and 1s isolated from a tissue culture line, and there- 
fore can be labelled to a high specific activity with 9P- 
phosphate Histone mRNAs, although a mixture of 
several messengers, can also be highly labelled im sea 
urchin embryos, and partial sequences for the mRNA for 
histone f2a, have been obtained (Grunstein et al, reported 
at Cold Spring Harbor, 1973) The sequence of much 
of an mRNA can be obtained more easily than that of 
ribosomal RNA or tRNA as the protein sequence specifies 
approximately two-thirds of the coding bases Interesting 
though the coding sequence 1s, the untranslated portions 
at the start and end of the mRNA, which are thought to 
contain control signals, may prove even more interesting 
—and harder to elucidate " 

It 1s fitting that the final acknowledgment in this report 
should be to genetics, which has contributed so much of 
the background to modern molecular biology By com- 
bining the amino acid sequences of normal human a globin 
and the mutants Constant Spring (Clegg et al , Nature, 234, 
337, 1971) and Wayne (Seid-Akhaven et al . Blood, 927, 
December 1972), 1t 1s possible to deduce an unambiguous 
sequence twenty-six nucleotides long, including and just 
following the normal termination triplet—UAA But as 
so often 1s the case with sequences, the only remarkable 
thing about the sequence found 1s that it seems fairly 
ordinary Perhaps as longer sequences become known the 
secondary structure features that are expected for the non- 
coding regions of mRNA will be found RW 


The Red Queen 


THE first issue of a new journal, Evolutionary Theory, 
carries an article by the editor, L. Van Valen, entitled 
“A New Evolutionary Law” Few people nowadays are 
rash enough to claim the discovery of a new law, least 
of allinevolution Nevertheless Van Valen’s claim should 
be taken seriously 

He claims to have established an empurical law describ- 
ing the rate of extinction, he also suggests an explanation 
The law states that the members of a given taxonomic 
group have a constant probability of extinction per unit 
tune By a taxonomic group is here meant an order or 
higher category, having something 1n common ecologic- 
ally as well as taxonomically—for example, terrestrial 
carnivorous mammals or marine gastropods. The mem- 
bers are either the genera or families in the taxon To 
establish the law, Van Valen takes for each genus the 
dates of the first and the last appearance ın the fossil 
record, and hence calculates a total survival time for each 
agnus He then constructs a ‘life table’, plotting the frac- 


e tion of*all genera in a taxon surviving for a given time 
e eagainst the time Similar fossil life tables were published 


over twenty years ago by G G "Simpson, who based on 
them a discussion of evolutionary rates 

Van Valen's innovation (apart from applying the 
method to all taxa for which adequate data are available) 
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is to plot the logarithm of survivorship 
against time, and to notice that in the 
great majority of cases there ıs a 
remarkable fit to limearity, just as 
there 1s 1f one plots the logarithm of 
the activity of a radioactive sample 
against time In other words, the data 
suggest that the subgroups composing 
a given taxon have a constant proba- 
bility of extinction This extinction 
probability varies from taxon to taxon 
There are of course difficulties To 
the argument that some genera dis- 
appear from the record not because 
they go extinct but because they 
evolve into something else, Van Valen 
replies that such 'pseudoextinction' 1s 
too infrequent to affect the result 
More serious difficulties arise when a 
substantial fraction of the subgroups 
ofa taxon still survive In such cases, 
1t is easy to show that even 1f the rate 
of extinction 1s 11 fact constant, living 
and extinct groups will give the same 
linear survivorship curves only if the 
rate of origination is also constant, 
and this in general ıs not so Some 
departures from lmearity seem to 
arise for this reason In a few cases 
(for example the extinction. of the 
graptolites, or the extinction of almost 
all the stony corals 1n the late Per- 
mian), there seem to have been real 
exceptions to the rule But despite 
difficulties and exceptions, Van Valen 
has made a strong case for his law 
Any large-scale empirical generali- 
sation about evolution is important 
Neo-Darwinian theory gives a satis- 
factory explanation of the mechanism 
of evolutionary change, and can be 
tested against short-term events, but 
it does not by itself make any pre- 
dictions about the large-scale features 
of the process Such predictions will 
require the introduction of additional 
concepts, these will probably have to 
come from ecology, as was fully 
appreciated by Simpson ın his Tempo 
and Mode of Evolution Many pre- 
vious attempts to make generalisations 
about the course of evolution have 
been purely qualitative, and have 
depended on vague terms such as 
‘advanced’ or ‘specialised’ which can 
always be redefined so as to ensure 
the truth of the generalisation The 
law of constant extinction 1s suffi- 
ciently quantitative to be testable 
(although there 1s inevitably room for 
manoeuvre in redefining the taxa to 
which it 1s applied) š 
If the law 1s accepted, ıt would 
clearly be desirable to tevelop a 
theory combinmg ecological and neo- 
Darwinist concepts which would have 


this law as one of tts predictions Van 
Valen offers such a theory, which he 
calls the ‘Red Queen’ hypothesis, the 
Red Queen explained to Alice that 
1t takes all the running you can do to 
stay 1n the same place The sugges- 
tion 1s that species go extinct pri- 
marily because of competition from 
other related species, and consequently 
that each evolutionary advance made 
by any one species 1s experienced as 
a deterioration of the environment by 
all its competitors 

Unfortunately this idea, even if 
true, only leads to a law of constant 
extinction if a number of other hypo- 
theses (not all mentioned by Van 
Valen) are added to it, 1n. particular 
ıt seems necessary to suppose that a 
species which makes one advance 1s 
less likely to make another But the 
law is important even if we do not 
know why it holds, and the Red 
Queen hypothesis may well be the 
correct first step towards an explana- 
tion From a Correspondent 


CELL GENETICS 


Reversion during Fusion 


from our Molecular Genetics Correspondent 


One of the most useful techniques in 
cell genetics ın the past year or so has 
been the fusion together of two cells, 
one of which lacks some enzyme which 
ıs possessed by the other, to form a 
hybrid in which the enzymatic activity 
must therefore be specified by the 
chromosomes of only one parent By 
using cell hybrids in which the chromo- 
somes of one parent are lost selectively 
during growth, and by growing the 
hybrids on selective media 1n which the 
enzymatic activity 1s either essential for 
survival or lethal to the cell, ıt ıs possible 
to identify the chromosome specifying 
the relevant enzyme 

A parameter critical to the success of 
such selective experiments 1s that the 
enzymatic activity needed for survival 
or fatal to it 1s supplied only by the 
genetic apparatus of the one parent 
originally possessing ıt This demands, 
of course, that the chromosomes of the 
parental cell originally lacking the 
enzyme do not revert Yet a recent 
series of articles from several labora- 
tories has shown that one such mutation 
1s readily reverted during cell fusion 

An enzymatic activity,commonly used 
in cell genetic experiments 1s hypoxan- 
thine guanine phosphoribosyl trans- 
ferase, abbreviated by aficionados of this 
topic to HGPRT ‘This enzyme plays an 
important part im *he metabolish of 
precursors to DNA, so that cells grown 
on medium containing tbe analogue 8- 
azaguanine die unless they lack HGPRT 
activity, whereas cells grown on HAT 
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medium (hypoxanthine — aminopterin — 
thymidine) can survive only if they 
possess the enzyme 

One cell line, the A9 strain, lacking 
HGPRT was selected by growth of 
mouse L cell fibroblasts on medium 
containing 8-azaguanine When plated 
on neutral medium, A9 cells never (well, 
hardly ever, as the saying goes) revert 
from HGPRT- to HGPRT* The 
mutation was until very recently thus 
thought to comprise a deletion of the 
structural gene for this enzyme When 
such mouse cells lacking HGPRT are 
fused with, for example, human cells 
possessing this activity, the only hybrids 
able to survive on HAT medium should 
be those which possess the human 
HGPRT enzyme because they have 
retained the relevant human chromo- 
some Whether the HGPRT activity in 
surviving hybrids is indeed human can 
be determined by examining the electro- 
phoretic mobility of the enzymatic 
activity, which differs in man and mouse 

In a report of such experiments late 
last year, Watson et al (Exp Cell Res, 
75, 401, 1972) tested five hybrid lines 
derived by fusions between the mouse 
A9 line and various human cells The 
expected human HGPRT enzyme was 
found in only two of the five hybrid 
lines, one of which also contained the 
mouse enzyme ‘The remaining three 
lines possessed only the mouse enzyme 
These hybrid cells therefore survived 
on HAT medium by some event allow- 
ing production of the mouse enzyme 
missing from the A9 cells rather than 
by substitution ofethe human enzyme 

In experiments using the 1R mouse 
cell line, also derived as a strain of L 
cells able to grow in 8-azaguanine, 
Bakay et al (Proc natn Acad Set 
USA, 70, 1998, 1973) reported last 
July that fusion with chick embryo 
fibroblasts generates progeny cells able 
to grow in HAT These cells all pos- 
sessed mouse chromosomes which had 


suffered structural rearrangements 
(identified by Giemsa banding) but no 
chick chromosomes The HGPRT 


enzyme of these survivors displayed the 
electrophoretic mobility characteristic 
of mouse 

In a further investigation of such 
hybrids, Croce et al report in the Sep- 
tember issue of the Proceedings of the 
National Academy of Sciences (70, 
2590, 1973) on their studies of the sur- 
vivors of fusions between rat cells defi- 
cient in HGPRT and human diploid 
fibroblasts possessing the enzyme Of 
fifteen hybrid clones grown in HAT 
medium, eight ° contained human 
HGPRT, one contained both human 
and rat enzymatic activities, and six 
contained only the rat enzyme 

What factor 1s responsible for the pro- 
duction of rodent enzyme after fusion 
of rat or mouse HGPRT- cells with 
human HGPRT* cells? The explana- 
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tion suggested by Bakay et al and by 
Croce et al for this phenomenon 1s to 
suppose that the mutation causing loss 
of rodent HGPRT in the parental cells 
1s located in a regulator gene, perhaps 
comprising a deletion which can there- 
fore never revert Fusion with human 
(or with chick) cells restores a regulator 
product able once again to switch on 
the rodent HGPRT genes This would 
imply that regulator genes in rat, mouse, 
man and chick may specify proteins 
sufficiently alike to substitute for each 
other, a conclusion with implications of 
obvious importance for models of 
eukaryotic gene control 

An alternative explanation, however, 
was considered by Watson et al and 
1s supported by the results reported by 
Shin et al in Nature New Biology (241, 
194, 1973) earlier this year Reversion 
from HGPRT- to HGPRT* in rodent 
cells may depend not upon the forma- 
tion of a hybrid cell as such but rather 
on some feature of the fusion process 
Shin et al found that A9 and RAG 
mouse cells, both HGPRT-, were 
induced to revert at frequencies of 1 8x 
107* and 90X10-® respectively by sub- 
jecting cells to the procedures used in 
cell fusion, that 1s bringing the cells to 
a high concentration and exposing them 
to a thermal shock 

These results imply that the mutation 
causing loss of HGPRT in the mouse 
cells does not represent a deletion, but 
takes some form which can be reverted 
under the environmental conditions 
used to form hybrid cells Reversion 
per se cannot, therefore, be used as a 
test for hybrid formation, an important 
limitation on the use of this technique 
for genetic mapping And the hybrid 
rodent-human cells possessing rodent 
HGPRT* activity may, of course, sur- 
vive on HAT medium because of such 
reversions rather than because of the 
presence of human chromosomes 

The immediate implication. of these 
results for cell genetic studies is that the 
technique of selection for production of 
enzyme by one partner to make up for a 
deficiency ın the other can be used only 
when it is possible to distinguish the 
two enzymes unambiguously, so that 
reversions may be distinguished from 
cells possessing the (usually human 
enzyme This may well limit the 
exploitation of this technique ın future. 
Another implication 1s that non-rever- 
sion of a mutation in normal conditions 
of growth can no longer be taken to 
support the concept that the mutation 
represents a deletion of the structural 
gene More than one apparently well 
established tenet of cell genetics is there- 
fore made dubious .by the results 
obtained so far, and the nature of the 
HGPRT- mutation and the reasons 
for tts unusual conditions of reversion 
may yet cast an important light on the 
constitution of the mammalian genome 


GENETICS 


Environmental Mutugens 


from a Correspondent 


CONCERN about environmental mutagens 
1s widespread and justified The prob- 
lem of devising valid tests for potential 
mutagens among the vast array of new 
chemicals in the human environment is 
an urgent one It ss also beset with 
great difficulties, requiring as ıt does 
extrapolation from data gained in vitio 
to effects suspected in vivo, from lower 
organisms to man, from somatic cells 
to germ cells, from cell cultures to cells 
m the normal environment of the body, 
from easily scored events with little 
relevance to the population as a whole 
to the significant genetic changes which 
are far more difficult to score simply and 
cheaply In order to coordinate the 
efforts of geneticists and cytologists 1n 
this area, the Environmental Mutagen 
Society of the United States was founded 
in 1969 by Dr Alexander Hollaender, 
the European EMS was founded in 
1970, the Japanese EMS ın 1972, and 
this year (August 31 to September 1) the 
first international conference on environ- 
mental mutagens was held 1n Asilomar, 
California 

The meeting demonstrated the rapid 
and extensive progress in this new 
field Topics ranged widely from 
mutagenesis at the molecular level (F 
Sherman, University of Rochester) and 
the role of repair in the prevention and 
realisation of mutations (T Kada, 
Mishima, Japan, S. Kondo, University 
of Osaka, B S Cox, University of 
Oxford, F J de Serres, National Insti- 
tute of Environmental Health Sciences, 
Durham, USA, S Wolff, University of 
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California, San Francisco, F H Sobels, 
State University of Leiden) to tests of 
specific drugs or pesticides It was 
realised, however, that as in cancer 
therapy, fundamental work is necessary 

At present an urgent task 1s to provide 
industry with easily handled testing 
techniques and with training courses for 
personnel Also important ıs the con- 
struction of a workable test protocol 
Papers on a possible tier system of 
testing were presented by G Flamm 
(Food and Drugs Administration) and 
by C F, Arlett on behalf of B A. 
Bridges (University of Sussex) Much 
work 1s directed towards validating and 
improving the presently recommended 
techniques B N Ames (University of 
California, Berkeley) described bacterial 
strains that are made hypersensitive to 
mutagens by genetically built-in devices 
for easy penetration and for lack of 
genetic repar U H Ehling (Society 
for Radiation and Environmental 
Research, Neuherberg) dealt with the 
problem of correlation 1n mice between 
the easily detected but genetically not 
very hazardous dominant lethals and 
the gene mutations and small deletions 
that constitute one of the maim genetic 
rsks The even more difficult problem 
of extrapolating from somatic cells to 
germ cells and from one mammalian 
species to another has been tackled by 
J G Brewen and J Preston (Oak Ridge 
National Laboratory) 

Equally important for the drawing 
of inferences from experimental to real- 
life situations are studies on the effects 
of dose (dealt with by D R Parker, 
University of California, Riverside, in a 
genéral way, by Brewen for rodents, 
by J Patterson and D Clive, NIEHS, 
for mouse lymphoma cells) and of dose 


How to See the Proteins Spin 


THE mobility of proteins embedded in 
bilayers 1s a preoccupation of many 
workers 1n the membrane field It is 
known that m many membranes pro- 
teins are capable of rather free transla- 
tional diffusion, and in these circum- 
stances it would also be expected that 
their rotation would be little 1mpeded 
Cone in fact showed by flash experi- 
ments that rhodopsin rotates rapidly in 
the retinal rod membranes 

Naqvi et al, writing in Nature New 
Biology next Wednesday (October 24), 
point out that any spectroscopically 
distinguishable species formed from a 
protein chromophore by electronic exci- 
tation or by photochemical reaction can 
be used as the basis of such measure- 
ments, as long as its elifetime 1s suff- 
ciently long for rotftion to occur before 
ıt decays — Expermnents based on the 
depolarisation of an excited singlet state 
are in this regard misconceived, since 
the lifetime 1s no more than say 10-8 S, 
Whereas 1n a viscous medium, rotational 


relaxation times of microseconds and up 
are to be expected 

With the retinal chromophore of the 
protein in purple bacterial membrane 
Naqvi et al find that flash irradia- 
tion produces an unknown species of 
10 ms lifetime In the membrane its 
absorption 1s strongly dichroic, and the 
dichroism does not decay measurably 
during this time It follows that the 
rotational relaxation time of the protein 
1s greater than about 20 ms, and is thus 
much less mobile than rhodopsin in the 
rod outer segment 

Naqvi and his colleagues are also 
examining the possibilty of performing 
similar experiments based on triplet 
States which have a long lifetime, and 
can occasionally be observed 1n absorp- 
tion Experiments with eosin bound to 
serum albumin give the mght order of 
rotation rates in viscous solutions The 
possibility of using the tryptophan 
chromophore of the ‘proteins is also 
being explored 
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rate (B J Kilbey, University of Edin- 
burgh, for Neurospora) ‘The host- 
mediated assay—that 1s the scoring of 
mutations in microorganisms that were 
exposed transitorily to an environment 
inside chemically-treated host rodents— 
has been the object of much scrutiny 
R Fahrig (University of Freiburg) 
scored gene conversion in yeast, injected 
into the peritoneum of either rats or 
mice, or into the testis of rats Efficacy 
of the technique varied with the chemical 
used, but in general rats were superior 
to mice and the testis was the more 
relevant environment 

The finding of E Zeiger (Food and 
Drugs Administration) that diet of the 
host may affect the efficacy of the host- 
mediated assay highlights the disturbing 
complexities of the test Because of 
this, attempts are now being made to 
short circuit ıt by adding liver micro- 
somes from rodents to the medium of 
in vitro tests on, for example, bacteria 
Sobels quoted results indicating that at 
least some of the activations of potential 
mutagens that are carried out 1n mam- 
malian liver occur also in Drosophila 
Tests on mammalian cell cultures, ın- 
cluding human ones, are constantly 
being perfected One of the main prob- 
lems here 1s to decide whether trans- 
mitted changes are caused by gene muta- 
tions R J Albertini and R de Mars 
(University of Wisconsin, Madison) and 
J W andJ M Simons (State University 
of Leiden) gave reasons for inferring 
that this 1s true for their systems (human 
cells, Chinese hamster cells) New 
systems are constantly being developed 
and tested Even if some of them should 
never become obligatory or even recom- 
mended for routine testing, all are likely 
to contribute results of general import- 
ance No good system ıs yet available 
for tests on non-disjunction, although 
this 1s one of the most serious hazards 
Drosophila (Sobels), soy beans (B K 
Vig, University of Nevada), human cell 
lines (de Mars) have all been suggested 
as promising in this regard 

Among the environmental hazards 
studied specifically are mercury (S 
Naka, Chiba University, C Ramel, 
University of Stockholm), mercapto- 
purine (V A Ray, Pfizer, Groton), pesti- 
cides (W F Grant, McGill University), 
hycanthone (Clive, W L Russell, Oak 
Ridge National Laboratory , M Shahin 
and de Serres, NIEHS), aflatoxin (A 
Velasquez et al, University of Mexico), 
tritiated water (A L Carsten et al, 
Brookhaven National Laboratory), 
caffeine (Sobels, F Palitti et al, Um- 
versity of Rome), food additives (R 
Valencia, University of Wisconsin, 
Madison), 1soniazide (E  Rohrborn, 
University of Heidelberg) and bisulphite’ 
(R Shapiro, University off New York) 

The only possible direct approach to 
the estimation of human hazards 1s the 
monitoring of human populations for 


A 


chromosome damage or genetic varia- 
tion This was discussed by J. Neel 
(University of Michigan), who ıs 
engaged in a screening programme of 
South American Indians, with the sur- 
prising result that these tribes carry more 
genetic damage than does civilised man 
in his polluted environment, possibly as 
a result of natural hazards from, for 
example, viruses 

The relation between mutagenesis and 
carcinogenesis 1s not yet understood and 
not even established beyond doubt. 
There 1s, however, increasing evidence 
for the dual effects of many chemicals 
in producing both gene mutations and 
cancer The use of genetic systems for 
the early detection of carcinogens was 
advocated by Ames and by O G and 
M J Fahmy (Institute for Cancer 
Research, London) 


ORIGIN OF LIFE 


Optical Asymmetry 


from a Correspondent 


THE Earth 1s 4 7x10? yr old and life 1s 
known to have existed for at least 3 5X 
10? yr, perhaps 500 million yr was avail- 
able for the ‘chemical evolution’ believed 
to have preceded life The proteins of 
Irving organisms are built exclusively 
from one set of optical 1somers, the 
L-amino acids, although non-enzymatic 
syntheses always yield equal quantities 
of the two isomers Was the choice of 
L-amino acids a matter of chance, or 
was ıt determined by some basic 
asymmetry in the environment? The 
first international conference on this 
subject was held at the Nuclear Reactor 
Centre, Julich, Germany, on September 
24-26, and was organised by Professor 
K Wagener and Dr W Thiemann 

F Vester (Studiengruppe fur Biologie 
und Umwelt, Munich) appropriately 
opened the meeting He gave an enter- 
tainting account of how the idea of a 
relationship between parity non- 
conservation and optical activity was 
born, beginning with the discussion in 
Ulbricht's laboratory at Yale on the 
day after the report in the New York 
Times in January 1957 of the dis- 
covery of parity violation in B decay by 
Lee, Yang and Wu The mechanisms 
Vester and Ulbricht considered (Q Rev, 
13, 48, 1959) were (1) direct energetic 
interaction between 8 rays and mole- 
cules (regarded as negligible because of 
the large difference 1n energy levels), (2) 
longitudinally polarised 8 rays > circu- 
larity polarised bremsstrahlung, inter- 
action with matter > optical asymmetry 
(this has a solid theoretical foundation), 
(3) direct hon-energttic interaction (for 
example, by entrepy exchange, ĉon- 
sidered heretical) 

Vester’s personal account dealt with 
the psychology of discovery, opposition 
from older scientists, frustration in the 
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face of experimental difficulties and 
soon T L V Ulbricht (Agricultural 
Research Council, London) commented 
that, in Kuhnian terms, there had never 
been a paradigm concerning the origin 
of optical asymmetry on Earth, but per- 
haps one had now reached the critical 
point The early experiments were 
inconclusive, hope revived with Garay’s 
results (Nature, 219, 338, 1968) and the 
presence of research workers from 
eleven countries at the conference testi- 
fied to the continuing interest in the 
field 

Recent work at CERN has confirmed 
the presence of parity-violating inter- 
actions even in strong interactions (dis- 
covery of the neutral current) D Rein 
(Technische Hochschule, Aachen) pre- 
sented the first theoretical study of the 
magnitude of the direct energetic 
interaction and confirmed that it 1s 
indeed small, at best 107? of the bind- 
ing energy The task of detecting such 
a small effect 1s formidable, but there 
have been a number of studies on the 
amplification of small deviations from 
racemic conditions, including two by 
the organisers, K Wagener and W 
Thiemann (Julich) on cascade processes, 
such as precipitation from saturated 
racemic solutions, with some positive 
results 

L Keszthely (Biological Research 
Centre, Szeged) has measured the life- 
time spectra of positron annihilation in 
crystalline L and p-amino acids, and has 
found that the triplet intensity in 
p-amino acids is higher than in their 
L-isomers and th&t the triplet lifetime 
shows differences between the enan- 
tiomers The helicity of electrons in 
chiral molecules, postulated by A S 
Garay (also Szeged) in his 1968 paper, 
was developed by him as the helical 
electron gas model The coupling of the 
magnetic transition moment and elec- 
tron spin in chiral molecules leads to 
small energetic differences between 
optical isomers 

Another group of contributions were 
concerned with statistical fluctuations 
from the racemic state in small and large 
numbers of molecules, a return to the 
1dea that the selection of one series of 
isomers was a matter of chance In a 
different category, E Gil-Av (Weizmann 
Institute, Rehovot) described his beauti- 
ful work on enantiomeric micro- 
analysis by gas chromatography C 
Ponnamperuma (University of Mary- 
land) gave a brief survey of present 
thinking about the origin of life and its 
time scale, presented results of meteo- 
rite analysis for amino acids, and at the 
end reviewed the significance of the con- 
ference papers, concluding that a bias 
in the basic asymmetry of matter, as 
revealed by parity non-conservation, 
might have been amplified and so deter- 
mined the choice of one set of optical 
isomers More experiments, please 
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NUCLEAR PHYSICS 


Nuclear Sizes 


from our Nuclear Theory Correspondent 


THE sizes of atomic nuclei are deter- 
mined by the spatial distributions of 
their neutrons and protons ‘The dis- 
tribution of the protons 1s quite well 
known because the electromagnetic 
interaction ıs well understood, and many 
studies of electron elastic scattering and 
of muonic X rays have determined the 
proton distributions of many nuclei to 
high accuracy 

The distribution of the neutrons, on 
the other hand, 1s much less well known 
since this can only be found using the 
nuclear interaction, which 1s much more 
complicated and obscure than the elec- 
tromagnetic interaction Many different 
approaches have been used and although 
most of them tend to give neutron 
distributions quite similar to the proton 
distributions in the same nucleus the 
accuracy ıs an order of magnitude 
poorer 

One of the most promising of these 
methods depends on measuring the 
cross sections for the interaction of fast 
positive and negative pions with nuclei, 
and this has recently been used by a 
group workmg at the Rutherford 
Laboratory to obtain improved neutron 
distributions in a range of nucle: from 
carbon to lead (Allardyce et al, Nucl 
Phys, A209, 1, 1973) 

The method depends on the fact that 
at momenta around 1 GeV/c negative 
pions interact mofe strongly with 
protons than with neutrons, whereas 
positive pions interact more strongly 
with neutrons than with protons Since 
the pions are strongly absorbed they 
interact only with the nucleons in the 
nuclear surface, so the ratio of the pion 
reaction cross sections depends on the 
relative distributions of the neutrons 
and protons in this region Knowing 
the proton distribution, information on 
the neutron distribution can be deduced 

In the experiment the reaction cross 
sections for positive and negative pions 
were measured at six energies for C, 
Al, Ca, Ni, Sn, Ho and Pb For the 
first three energies the pion-nucleon 
cross sections differ markedly but for 
the remainder they are almost the same, 
which provides a useful check on the 
method A further check 1s provided 
by including C and Ca among the 
targets, since for these two nucle: the 
neutron and proton distributions are 
expected to be very nearly the same 

These reaction cross sections were 
analysed using the relativistic optical 
model, which takes account of the dis- 
tortion of the incident pion wave as it 
approaches the nucleus and its absorp- 
tion as it penetrates into the interior 
Since only two numbers, the positive 
and negative pion cross sections, are 


available for each nucleus, it 1s not 
possible to determine the complete 
neutron density distribution Instead, 
several density distributions found in 
previous studies of nucleon elastic 
scattering and of bound single-particle 
energies were used to calculate the 
expected reaction cross sections , com- 
parison with the experimental data then 
showed which were the preferred distri- 
butions 

This comparison showed that the new 
pron experimental data favour the 
neutron distributions with root mean 
square radi within 0 1x 107? cm of the 
corresponding proton distributions This 
ıs consistent with other work which 
indicates that for the medium weight 
and heavy nuclei the neutron root mean 
square radius ıs about 0 1 X 10-™ greater 
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than the proton root mean square 
radius, so that the neutrons extend 
slightly beyond the protons 

Subsidiary calculations confirmed that 
the pions interact only with the nucleons 
in the surface region and so the results 
give no information on the density 
distributions in the nuclear interior 
Indeed even for the charge distribution 
most existing knowledge refers only to 
the surface region and little 1s known 
about the central region or the extreme 
fringe of low density 

It 1s satisfactory that the results are 
consistent with those already available 
and enhance their credibility but much 
still remains to be determined about the 
proton and neutron density distribu- 
tions, particularly in the centre of the 
nucleus and 1n the outer fringe 


Gibbs Fracture Zone Extends Hercynian Front 


THe Gibbs fracture zone, which crosses 
the present north Atlantic Ocean at 
about 53°N, 1s apparently a transform 
fault which offsets the mid-Atlantic 
ridge axis by about 350 km ın a roughly 
east-west direction Westwards from 
about 35°W longitude to the North 
American continental margin, the frac- 
ture zone has been examined both bathy- 
metrically and using seismic reflection 
profiling, and an intensive survey has 
been carried out in the area of the inter- 
section with the mid-Atlantic ridge at 
about 29? 30W 

To the east of the ridge, on the other 
hand, there 1s little available informa- 
tion apart from magnetic anomalies In 
Nature Physical Science next Monday 
(October 22), however, Cherkis, Fleming 
and Massingill correct this deficiency by 
reporting the results of a survey of the 
Gibbs zone between 30°W and 16° 
50’W, and derive some significance from 
the fact that the zone appears to be in 
alignment with the Hercynian front in 
Europe and its extension in North 
America 

The new seismic profiling and bathy- 
metric data show that the Gibbs frac- 
ture zone extends eastwards to at least 
17°W, although its characteristics 
change somewhat as it proceeds The 
profile closest to the mid-Atlantic mdge 
shows that the double-trough feature 
persists, albeit with reduced definition, 
and the high central ridge 1s still promi- 
nent Further east, however, the defi- 
mition diminishes even further and the 
central ridge has either disappeared or 
is hidden by a dense surface reflector, 
there is now only a single trough, and 
this lies beneath an acoustically trans- 
parent sedimentary mqund Still farther 
east, the trough fvidens, sedimentary 
cover becoming inergasingly thick, and 
1n some ways the fracture zone comes to 
resemble the aseismic fracture zones of 
the Pacific The zone is still observable 
as a buried depression at about 17°W 


The Gibbs fracture zone is well 
aligned with the structural trends of pre- 
Jurassic rocks which outcrop on the 
west European continental shelf and 
which are believed to represent the most 
northerly zone of Hercynian orogeny 
But the Gibbs zone and the Hercynian 
front do not link up because the inter- 
vening Porcupine ridge and bank prob- 
ably rotated to their present positions 
from the European continental block 
when the north Atlantic at 52° N 
opened, obliterating the corresponding 
section of the Gibbs fracture 











Reconstruction by Cherkis ef al of 

the Atlantic before the last spreading 

phase with positions of the Hercynian 
Front 


On the other side of the present 
Atlantic Ocean, the westward extension 
of the Hercymian front has been traced 
into North America from the western 
end of the Gibbs fracture by Hurley 
(Scr Amer, 218, 51, 1968) and others 
From the geographical and age rela- 
tionships involved here, Cherkis and his 
colleagues conclude that the Gibbs frac- 
ture zone existed in the upper Palaeo- 
zoc as a front along which crustal plate 
motion occufred following the opening 
of the Atlantic Later, the fracture 
evolved into the transform fault which 
now offsets the mid-Atlantic ridge 
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ASTRONOMY 


IAU General Assembly 


from a Correspondent 


Tue fifteenth General Assembly of the 
International Astronomical Union was 
held in Sydney from August 21-30 
Associated symposia took place at 
several centres in Australia both before 
and after the assembly These meetings 
were a fitting tribute to the :mportant 
contributions to understanding of the 
southern sky made by Australian optical 
and radio astronomers 

The invited discourses are usually 
highlights of the general assemblies and 
this year’s offerings were no exception 
C Townes (University of California, 
Berkeley) surveyed the rapidly growing 
field of interstellar molecule research 
Twenty-six molecules have now been 
discovered in interstellar space and 
include such complex molecules as 
acetaldehyde (CH,CHO) and cyano- 
acetylene (HC,N) These more complex 
molecules are of particular interest 
because they are the starting points 
for the synthesis of life Molecules are 
found in dense clouds mrxed with dust 
which protects them from external dis- 
sociating ultraviolet radiation and at the 
same time probably acts as a catalyst in 
their production 

D W Sciama (University of Oxford) 
took as the subject for his discourse 
“The Early Stages of the Universe" He 
sought to derive the properties of the 
early Universe from the simplest and 
most generally accepted observational 
parameters—namely, its expansion and 
the isotropy of the microwave back- 
ground (assumed to be blackbody) The 
background was thermalised by inter- 
actions with matter when the Universe 
was 10° yr old and its density was ~10* 
times greater than at present If the 
helium in the Universe 1s produced 
cosmically this would occur at an age 
of 100 s when the density was 3x 10? 
times greater than at present and the 
temperature was about 10° K In order 
to go further back ın time cosmologists 
must use general relativity which tells 
them that the Universe must have had 
a singularity at some earlier time (or 
times) Sciama felt that this picture of 
the early stages of the Universe posed 
interesting problems which at present 
are quite open One is what 1s the 
ultimate origin of the blackbody radia- 
tion and why does it contain 105-10? 
photons for every proton? e 

Great interest was shown ın the 
reports of scientific programmes of the 
Mariner 9 mission to Mars given by 
C Sagan (Cornell University) and 
H Masursky (University of Colorado) 
The photographs (more than 7,000 in all) 
of Mars from this mission show remark- 
able detail and reveal a whole range of 
new features afid further, since the 
photography contmued for 12 months, 


changes in surface markings could be 
monitored One of the oldest contro- 
versies about Mars has been the question 
of the origin of the seasonal and secular 
variations of surface albedo Were they 
the result of biology or of windblown 
dust? The global pattern of streaks and 
splotches has now been investigated and 
1s used as an indicator of wind direction 
and speed The evidence argues 
strongly for the action of a wind circula- 
tion which must approach wind speeds 
of half the velocity of sound (~150 km 
h~) in the 6 mbar atmosphere on Mars 
Winds also blow down off the polar 
caps and possibly even the side of Nix 
Olympica, the largest volcano in the 
Solar System, which is 30 km high and 
500 km across at the base These winds 
move small particles of diameter 0 01 to 
05 cm about on the surface and are 
believed to produce the observed 
changes of albedo As well as wind 
erosion there is now unmistakable evi- 
dence for water erosion ın many areas 
of Mars The sinuous tributaries of the 
5,000 km long equatorial canyon which 
are downwards flowing are a prime 
example Four channel-forming epi- 
sodes can be identified going back over 
more than 10? yr Where is the water 
now? Sagan thinks it could be locked 
away in the polar 1ce caps 

The argument about whether redshifts 
are cosmological (that they are doppler 
shifts according to the orthodox view) 
or not still continues H C Arp (Hale 
Observatories) took the unorthodox 
view, arguing that a _ considerable 
number of associations can be found 
between quasistellar objects with high 
redshifts and galaxies with low red- 
shifts He claims that in such cases 
both objects are at the same distance 
and that the QSO redshift is anomalous 
and must be due to some physical pro- 
cess other than a doppler shift Equally 
he interprets the recent discovery of two 
QSOs 5” apart in the sky but with very 
different redshifts as a physical associa- 
tion Thus fascinating observation by 
E J Wampler and colleagues (Lick 
Observatory) shows the two QSOs (one 
1s a 17 mag object with Z=0 435 and 
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the other 19" with Z=1 901) in the 
position of the radio source 4C11 50 
which is also double with a similar 
separation In supporting the orthodox 
view W Sargent (Hale Observatories) 
felt that the phenomena discussed by 
Arp were chance associations, he pro- 
duced statistical arguments to support 
this view. To invoke new physics to 
explain phenomena which were not 
wildly unlikely in terms of known 
physics seemed unreasonable In the 
case of the QSOs, which on the unortho- 
dox view would contain the greatest non- 
cosmological component of redshift, 
there 1s mounting evidence for them to 
be at cosmological distances—the con- 
tinuity of ordinary galaxy, N-type 
gataxy and QSO properties, the associa- 
tion of QSOs with adjacent galaxies 
having similar redshifts 

One of the most interesting new 
observations reported at the meetings 
was the mapping of the Magellanic 
Cloud streamers by D S Mathewson 
and colleagues (Australian National 
University and Radiophysics Division, 
CSIRO) The main stream seen only 
in HI so far begins near the Magellanic 
Clouds, passes through the South 
Galactic Pole, then extends almost to 
the galactic plane on the far side of the 
Galaxy near /[—90? It contains fila- 
mentary structure elongated parallel to 
the line of the stream Additional 
features are seen on the opposite side of 
the Magellanic Clouds — These observa- 
tions are taken to indicate that there was 
a close passage of the Magellanic 
Clouds to the Galgxy in the recent past 
(2 to 5x 10? yr ago) in which by gravita- 
tional tidal action streams of gas were 
pulled from the Magellanic Clouds in 
the manner discussed by Toomre and 
others By the inverse of the same 
tidal process the Magellanic Clouds pro- 
duced the tilt in the plane of the outer 
part of our Galaxy But the effect on 
the Magellanic Clouds has been cata- 
strophic—the material 1s torn from the 
clouds and 1s now believed to be falling 
into the Galaxy Interesting new 
theoretical and observational work will 
clearly be generated by this discovery. 





Radio Emission from P Cygni 


SEVERAL P Cygni type stars have recently 
been identified as radio sources The 
discovery that P Cygmi itself is also a 
radio emitter 1s therefore particularly 
pleasing, since ıt would be embarrassing 
to have an archetype which did not 
possess one of the most important pro- 
perties of its class 

In an articlè in Nature Physical 
Science next Morfday (October 22) 
Wendker and colleagues describe obser- 
vations of P Cygni at 5 GHz, using the 
Westerbork Synthesis Radio Telescope 
and at 1068 GHz using the 100-m 
instrument at Effelsberg 


The source does not seem to be vari- 
able, and its mean fiu\ density 1s given by 


Ss=9+2 mfu 
Sigg 1543 mfu 


The angular size of the radio emitting 
region is “certainly less than 2 arc s and 
probably less than 15 arc s” P Cygni 
1s a variable which last experienced an 
outburst 300 yr ago, and Wendker et al 
are able to reconcile their observations 
with a model which suggests that emis- 
sion 1s seen from the material which the 
star has lost' since that outburst, at 
present running at some 107* Mo yr”. 


X 
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Histocompatibility Antigens 
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The extreme polymorphism of the histo- 
compatibility antigens mas have evolved 
to ensure that the body of an individual 


is not invaded by cells from another 
individual of the same species. 





THE consensus of opinion on the biological significance of 
histocompatibility antigens, reached in a “workshop” 
attended by twenty of the most distinguished workers in 
that field, has been published recently! It provides a com- 
prehensive review of the facts, emphasizes the findings that 
the genetic loci responsible for major histocompatibility 
antigens in mice lie on either side of a locus (Zr 1) con- 
cerned with immune response to some synthetic antigens, 
and notes that certain oncogenic viruses flourish only in 
mice of certain histocompatibility types Yet ıt provides no 
comments as to the significance of the outstanding feature 
of all the information about histocompatibility antigens 
(HCA) that has been accumulated and analysed This is 
the mtense degree of polymorphism, far exceeding that of 
any other gene product im vertebrates except the immuno- 
globulins j 
Certainly ın man, mouse, guinea pig and chicken and prob- 
ably also ın the rest of the vertebrates, there 1s a set of very 
many antigens, based on multiple allelism, at two fairly 
closely linked loci The antigens are probably glyco- 
protems the specificity of which 1s ascribed to their poly- 
peptide components, which seem to form a single chain 
with two disulphide bridges, of molecular weight 31,000 
The glycoprotein molecules are embedded in the double 
lipid layer of the cell surface membrane and are present in 
all nucleated cells, though ıt ıs convenient to study them 
on lymphoid cells The molecules are mobile within the 
surface, and if they are removed by enzyme action, the 
cell soon replaces them 
Most of the experimental work has been done with pure 
strains of mice, developed in the laboratory and many of 
them derived from closely related ancestral stocks Wild 
Mus musculus, however, show just as complex antigenic 
phenotypes, with the same sorts of "public" and “private” 
_ antigens, as are seen in laboratory mice The detailed 
specificity of “public” antigens corresponds to some found 
in laboratory strains, but the “private” antigens are quite 
distinct These are quite numerous and any given specificity 
tends to be found only in mice from some limited locality, 
Although it 1s not emphasized in the review, the findings 
suggest very strongly that new antigens appear by mutation 
with relatively high frequency and that the possession of 
any particular antigen ‘confers no selective advantage 

In man, the major histocompatibility antigens of the HL-A 
series are at least as polymorphic as those in the mouse 
There are two distinct gene complexes, LA and Four, to 
which at least eleven and seventeen different antigens, 


respectively, are related A strong indication of tke com- 
plexities still to be clarified 1s given by studying 1ndividuals 
of identical HL-A phenotype, that 1s, with exactly the same 
pattern for the four possible antigens in each case It is 
found that if the two individuals in question are siblings 
they will show no blast transformation in mixed lymphocytic 
cultures and they will accept, or only very slowly reject, 
cross skin grafts On the other hand, if two individuals 
of identical HL-A phenotype are unrelated, the rule is that 
there will be blast transformation in muxed lymphocytic 
cultures and skin grafts will be rejected, though neither 
type of reaction will be as 1ntense as with pairs having no 
HL-A antigens in common 

Discussion’ of the significance of these multiple poly- 
morphisms is virtually limited to attempts to find some way 
by which each different antigen has, or had at some previous 
phase of evolution, given a positive survival advantage 
to its carrier Amos et al! admit that there ıs nothing to 
suggest that heterozygote advantage, comparable in any way 
to the sickle-cell heterozygotes, can be postulated and that 
any influence on the survival of the foetus in utero would 
be in the wrong direction No attempt was made to look at 
the possible virtues for survival of multiple polymorphism 
as such, and, as a necessary corollary, neither Jerne’s? nor 
my own discussions? of the problem were referred to 

Almost coincidentally with this review!, one of its con- 
tributors, Bodmer’, published a generally similar discussion. 
mainly about the human material, on the evolutionary 
significance of the HL-A system There is some overlap, 
but Bodmer’s article includes more extensive discussion of 
possible interpretations of the polymorphism observed 

Jerne’s theory of the interaction of HL-A antigens and 
the germ-hne genes concerned with coding for immuno- 
globulins 1s discussed in some detail and my own approach 
more peripherally Bodmer’s final statement 1s compatible 
with an approach I used in 1971 (ref 7) He suggests 
that histocompatibility antigen polymorphism, lke the 
immune system, may have been an evolutionary byproduct 
of the need to develop a cell-to-cell recognition for the 
differentiation and morphogenesis of multicellular organisms 
Accepting this, however, still leaves some serious difficulties 
that are not overcome by modifying Jerne’s hypothesis, 
so that the antibody patterns inherited in the germ line 
correspond to hypothetical differentiation antigens, from 
which the histocompatibility antigens are derived 


Significance of Polymorphisms 


The best starting point for reassessing the significance of 
these polymorphisms 1s probably the simple statement that 
1n all vertebrates which have been adequately studied there 
are twq types of functional protein showing an abnormally 
high degree of polymorphism These are immunoglobulins 
and the major histocompatibility antigens Other poly- 
merphisms are common, but he alternative forms rarely 
number more than three or four, and despite much investiga- 
tion the only evolutionary virtue ın an ordindry poly- 
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morphism that has yet been demonstrated 1s that certain 
red cells, heterozygous for sickle-cell or thalassaemia genes, 
appear to be less suitable for the multiplication of malarial 
parasites than normal red cells 

It 1s now accepted that the immensely complex poly- 
morphism shown by the immunoglobulins 1s itself an evolu- 
tionary adaptation for the specific purpose of preserving the 
chemical integrity of the body, including means for counter- 
ing the entry of microorganisms and other types of foreign 
chemical pattern (Polymorphism is used here not only 
in regard to allotype differences but also for the whole range 
of differences among immunoglobulin molecules both within 
and between individuals of the species) The need for 
multiple polymorphism was evidently so urgent that 
secondary types of genetic diversity had to be generated 
ın somatic cells as well as at the germ cell level. There is 
no need to touch on the relative parts played in the 
generation of diversity by germ line and somatic cell 
processes or the nature of the somatic diversification 
process. The essential point is that the diversification 1s 
important in itself and special genetic mechanisms have 
been developed ın the course of vertebrate evolution to 
provide it 

The essence of HCA polymorphism ıs that ıt too has all 
the marks of being evolutionarily important, not for the 
limited or transient virtues of any individual antigen, but 
because there is a wide diversity of antigens within the 
species It ıs likely that ın all species of vertebrate there 
are so many distinguishable histocompatibility antigens 
that they can serve to differentiate every individual in a 
natural population of the species from any other The 
evidence for this virtue of polymorphism 1n itself can be 
summarized as follows First, in all species studied ın detail 
there are more than twenty definable antigenic specificities, 
and evidence of many others could be demonstrated with 
more refined techniques and greater numbers of subjects 
Second, direct experiment in laboratory mice, the historical 
experience in breeding the standard pure lines of mice, 
and the heterogeneity of H2 antigens in wild mice, all point 
to the conclusion that 1t ıs easy for new antigenic phenotypes 
to arse This in turn indicates that a genetic mechanism 
to allow this continuing emergence of diversity has been 
evolved and by implication ıs present in all vertebrates 
Third, the nature of the major antigens (glycoproteins in 
which the antigenic specificity 1s confined to the polypeptide 
chain) and their situation in the plasma membrane are 
common to all species that have been examined Fourth, 
genetic- analysis indicates in each instance the presence of 
two closely linked gene complexes which are responsible for 
the major histocompatibility antigens in man and mouse 
The system of antigens is not a casual assemblage 

Any search for the biological significance of bisto- 
compatibility antigens must start with the firm postulate 
that their biological significance lies in their diversity and 
multiplicity and that means exist. to ensure that such 
diversity 1s maintained In seeking a reason why diversity 
of histocompatibility antigens should exist between virtually 
every individual of a vertebrate species, we can make two 
preliminary points First, in view of Bodmer’s suggestion 
that the diversity of histocompatibility antigens has been 
evolved from cell-to-cell recognition factors concerned in 
morphogenesis and structural homoeostasis, 1t ıs important 
to emphasize that the differences do not concern different 
cells 1n. the same individual They concern differences 
between all the cells of one individual and the cells of 
any other individual of the same species Second, 1mmuno- 
logically based hypotheses could take various formas, but, 
broadly speaking, they can be divided into two. 
postulates that the histocompatibility antigens provide a 
means whereby selection pressures can be developed tĦat 
will help to generate the diversity of clonal populations of 
immunocytes that will be needed by the individual 
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I, on the other hand, postulate that histocompatibility 
antigen diversity has been evolved in‘relation to the immune 
system to ensure that the integnty of the body is not 
violated by the invasion of cells from another individual 
of the same species 

In general terms, Jerne’s theory is that the antibody 
patterns (that 1s, the amino acid sequences of variable 
regions) which are coded for by genes transmitted through 
the germ line are such as will react with any of the histo- 
compatibility antigens that can be found ın the species in 
question A “starting set" of patterns for antibody 1s 
thus provided on which mutation and selection within 
the developmg embryo can build up the diversity of anti- 
bodies that the young animal needs to possess when he 
faces a non-sterile environment at birth The hypothesis 
is based on two experimental findings that the capacity 
to respond to certain synthetic antigens 1s linked with 
certain H2 antigens, and that there 1s an unexpectedly 
high capacity for T 1nfmunocytes to react with allo-antigens 
There has been no detailed interpretation of how these 
findings are accounted for by the theory nor has it 
stimulated the disclosure of any hitherto unsuspected 
observations My own most serious objection to the Jerne 
theory ıs the absence of any indication how a given anımal 
can possess information by which a complementary three- 
dimensional pattern can be coded for against a chemical 
configuration (a histocompatibility antigen of a different 
individual) which 1s never within the body and may not 
even have ever existed in the ancestors of the individual 
we are considering Bodmer expresses what I think is 
the same basic difficulty by saying that Jerne’s hypothesis 
*seems to require strict parallel evolution at the population 
level of histocompatibility antigen genes and immuno- 
globulin v genes”. 


The second approach, for which I am mainly responsible, 
was first used in the argument that if there were no diversity 
of histocompatibility antigens and no corresponding arrays 
of immunoglobulin receptors to react with them, cancer 
of one animal would be contagious for others of its species, 
especially for the young’, Given the existence of malignant 
disease as we know it, I can see no rebuttal of the argument 
at the evolutionary level It 1s not easy, however, as Bodmer 
has pointed out, to see how the solution of this particular 
problem would require that the population should continue 
to go on developing new antigen patterns One may, how- 
ever, look at the matter from almost the opposite point 
of view that, because a given antigenic pattern has neither 
positive nor negative survival value as such, any change 
by mutation 1s just as likely to persist as any other allele 
in the population On this view, the important genetic 
change in the first place was to evolve a cell membrane 
protein of such a character as could allow a wide diversity 
of amuno acid substitutions without any modification of 
its physiological function The differences are only signifi- 
cant at an immunological level 


Subsequently, I have been interested in exploring two 
other possibilities by which foreign cells from another 
individual of the same species might invade the tissues. 
The first? 1s with viviparous reproduction, especially in 
forms without a well developed placenta, including ascidians 
and some fishes Here the embryo 1s a different individual, 
with at least one foreign histocompatibility antigen The 
second suggestion’ was the speculation that, amongst the 
eathest free-swimming vertebrates, parasitism of larger 
individuals by smaller ones of the same or a related species 
might induce a potentially catastrophic evolutionary situa- 
tion which called for a means of differentiating self from 
not-self It as immaterial which of the three situations 
was the trigger for the development ^ They are all basically 
similar and all present lethal possibilities All require that 
any individual can almost certainly differentiate its own 
tissues from any other individual of the species To be 
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sure that less than 1% of chance contacts were compatible, 
and allowing for incompletely random mixing, would need 
some twenty distinct antigens, a number which 1s probably 
of the order of magnitude that actually exists in most 
species 

It can also be emphasized here that, however sympathetic 
one can be to the existence of cell-to-cell mutual recognition 
proteins concerned with differentiation and structural 
homoeostasis, such functions must have been as universal 
and important ın invertebrates as for vertebrates Immuno- 
logical function in the conventional sense 1s confined to 
vertebrates Yet invertebrates differentiate according to 
genetic programme, repair and regenerate tissues within 
limits, and deal effectively with potentially invasive micro- 
organisms I have always put stress on the need to ask 
for some specifically new requirement that came to the 
fore when the cyclostomes evolved It may have been 
one of the key evolutionary discovepies when some proto- 
vertebrate found it could swing some cell membrane protein 
into a molecule which, unlike its prototype, could accept 
many mutational changes in part of its structure with no 
physiological change but with the emergence of potentialities 
for immunological reaction with an infinity of steric patterns 
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The conventional disadvantage of all these modifications 
of the two hypotheses (Jerne, Burnet) is that they are 
based on evolutionary occurrences and hence are not sub- 
Ject to experimental verification or disproof The same 
objection holds, of course, for the theory of evolution 
itself and for an enormous range of acceptable topics in 
the biological sciences JI believe that to eliminate the 
validity of evolutionarily based interpretations of biological 
phenomena is thoroughly unwise, particularly when it 1s 
clear that comparative studies of cell recognition and 
immunological phenomena in a full range of organisms 
will represent a very active field of research in the near 
future Comparative studies which are not made meaning- 
ful by the use of evolutionary hypotheses are bound to 
be sterile 
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Comparison *of plume traces with 
palaeomagnetic data from lithospheric 
plates for the past 50 m.y. suggests 
that the mantle has rolled about its 


own independent axis within an outer 
lithospheric shell which as a whole is 
fixed in respect to the Earth's spin axis. 





WITH wide acceptance of continental drift as 1t 1s now conceived 
(the independent motion of individual lithospheric plates), 
consideration of the possibility of true polar wandering seems 
to have languished For many Earth sctenttsts polar wandering 
1s associated with palaeomagnetism and 1s now assumed to be 
totally unnecessary in order to explain palaeomagnetic data 
Divergence of the palaeomagnetic pole from the geographic 
pole (which is the present situation) 1s presumed adequate to 
explain any anomalies 

True polar wandering, sensu stricto, refers to a change in the 
position of the Earth as a whole or as outer lithosphere-mantle 
shell with respect to its rotation axis, which 1s presumed to be 
fixed 1n space Such a change could conceivably result from 
redistributions of mass within the Earth (either by upward 
convection or downward subduction) whereby its moment of 
inertia axes shift, Should such a change occur, 1t would have 


palaeoclimatic 1mpact and would represent a component of * 
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plate motion with respect to the geographic pole, which 1s 
common to all plates Such true polar wandering has no a priori 
connexion with palaeomagnetism unless, as 1s conventionally 
assumed, well determined palaeomagnetic poles coincide with 
the geographic pole 

Whether or not polar wandering has occurred is clearly a 
question of considerable geophysical significance. Pending the 
recognition of a frame of reference other than the rotation axis, 
and identification of a sufficiently precise measure of its position 
other than by palaeomagnetic studies, the assumption of a 
coaxial dipole model for the Earth’s field must be made if 
evidence of true polar wandering 1s sought 


Testing 


McElhinny?, following McKenzie’, has recently presented a 
method for testing for true polar wandering, using palaeo- 
magnetic data only but requiring that such data be available for 
every lithospheric plate The movement vectors (the apparent 
polar wander curves) for each plate, weighted by the area of the 
plate, are summed By this means the relative motions between 
plates are cancelled and the resultant vector stgnifies the mag- 
nitude and direction of true polar wandering (that 1s, a motion 
common to all plates). As McEPhnny has shown, the resultant 
vector for the past 50 m y. has a magnitude 2.1°, which he 
concluded was not significantly different from zero. 

McElhinny’s method indicates no net movement of the 
rotation axis with respect to the lithosphere in the past 50 m y. 
Duncan et al.*, however, have shown that, under the assumption 


* that plumes are fixed with respect to the Earth's spin axis, 


European plate motion predicted by plume traces is not in 
accord with palaeomagnetic data for the past 50 my. They 
invoked polar wandering to account for the discrepancy If this 
discrepancy 1s due to true polar wandering, then evidence of it 
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should be found 1n the comparison of plume traces and palaeo- 
magnetic data for every plate We have accordingly explored 
this possibility Table 1 presents the result of comparisons of 
eight plume traces with 50 m y polar wander curves for appro- 
priate plates The 50 m y palaeomagnetic poles are essentially 
those of McElhinny? and the plume trace data are described ın 
the appendix 

The 50 m y latitude of the plume, as determined by the great 
circle distance between the 50 my site of volcanism along a 
given plume trace and the appropriate 50 m y  palaeomagnetic 
pole, should be identical to the latitude of the present site of 
plume activity 1f the plume has remained fixed with respect to 
the Earth's spin axis (=the magnetic pole) A discrepancy 
implies that the plume and/or the magnetic pole has moved 
Assuming the validity of McElhinny’s result—that there has 
been negligible polar wandering during the past 50 m y —then 
discrepancies can be explained only by movement of the plumes 
with respect to the Earth's spin axis 

The discrepancies calculated in Table 1 are of variable 
magnitude and some, at least, could be due to error in the 
location of the plume sites and appropriate palaeomagnetic 
poles 50 my ago The palaeomagnetic data are indeed few 
and of variable quality, they are, however, the same data used 
by McElhinny and constitute the best that are presently 
available 

Precise location of even present day “‘plumes” (assuming they 
exist) may be difficult, location of 50 m y sites poses additional 
problems Uncertainty about present day location derives from 
(a) the long duration of igneous activity at individual sites (for 
example, 18 m y volcanics in the Tristan da Cunha group) and 
(b) the wide extent of contemporaneous igneous activity asso- 
ciated with individual plumes (for example, contemporaneous, 
although petrographically distinct, activity along 300 km of the 
Hawanan chain?) 

These uncertainties are compounded by inadequate exposures 
and age control in identifying 50 m y plume sites Where inter- 
polation or extrapolation was necessary, a uniform spreading 
rate has been assumed (see appendix) Although we cannot 
make a quantitative estimate, we feel that for some individual 
plumes such errors and uncertainties may perhaps cause dis- 
crepancies of as much as 10°, and yet we know of no reason 
why such an error should not be random from one plume to 
another Nevertheless, some discrepancies are judged to be too 
great to arise from such errors, and for the purposes of our 
analysis all have been treated at face value Two possible 
extreme interpretations are (1) that the plume trace/palaeo- 
magnetic discrepancies are due to random movement of plumes 
in time, the population of plumes should not, then, maintain a 
stable configuration, (2) that plumes are fixed with respect to 
one another but move in unison as the mantle rolls about some 
axis independent of the Earth's spin axis Discrepancies between 
the plume traces and the palaeomagnetic polar wander paths 
would be expected, their magnitude varying as the distance of 
given plumes from such a “mantle roll" axis A stable con- 
figuration of plumes, however, 1s preserved 

Morgan’ concluded that interplume motion in the Pacific, at 
least, could have amounted to as much as 1 cm yr~? Minster 
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et al * conclude that their instantaneous plate motion model 1s 
compatible with the hypothesis that, with the conspicuous 
exception of Iceland, all other plumes are stable with respect to 
one another 


Discrepancies 


To test whether the discrepancies in Table 1 might be due 
primarily to random interplume motion, or to “mantle roll”, 
the following method was used If there ıs a “mantle roll" axis 
about which the mantle has rotated during the past 50 m y , it 
should be identified by a least-squares fit of the data from 
Table 1 That is, the latitudes of the present plume sites can be 
changed, by rotation about an axis, to those 50 m y latitudes 
inferred from the palaeomagnetic evidence Using an iterative 
program, one axis from a grid of mantle roll axes 1s chosen and 
the best fitting angle of potation is found by the method of non- 
linear least squares? The success of the fit is measured by the 
sum of squares of residuals, which should be minimized at the 
best fitting axis The sum of squares of residuals (SSR) = 
E 0,—/(05,05,0)* where 0, are the 50 my latitudes and 


f(05, 05,2) = 6, are the latitudes of the rotated present plume 
sites 0 and 9 are the lautude and longitude of the chosen 


axis and a 1s the rotation angle In this calculation 0, and 0, are 
expressed in rad This process can be continued over a grid of 
trial axes covering a hemisphere and the resulting array con- 
toured to determine the best fitting mantle roll axis and angle 
of rotation 

The result of such a test using the data in Table 1 is illustrated 
in Fig 1 The specific best fit axis is at 25°N, 30^E, with an angle 
of rotation of 12 1°, which decreases the SSR from 13 1 to 3 1. 
Jt 1s more realistic to recognize a sigmoidal “‘region” of good 
fitting axes between 20° and 40°E This meridional region of 
good fitting axes about the best fitting axis 15, however, well 
defined and distinct from the poorer fitting axes over the rest 
of the hemisphere (Fig 1) The data seem to be insufficient to 
impose a clear latitudinal constraint (in terms of residuals) on 
the location of the best fit axis, but the angular rotations called 
for increase prodigiously for axes at the extreme latitudes 

Iceland accounts for the largest latitude discrepancy in Table 
1,1t 1s also the conspicuous exception to the stable plume model 
of Munster et al ° To ascertain whether this discrepancy 15 the 
primary cause of the mantle roll calculated, we repeated the test 
omitting the Iceland data altogether The longitudinally con- 
strained (20°-40°E) sigmoidal region of best-fit mantle roll axes 
1s again obtained, with a comparable improvement by a factor 
of 4 1n the SSR (from 6.5 to 1 5) The specific best fit axis 1s now 
located at 45°N, 30°E, with a clockwise rotation of 12°. 

In general, these results mean that 12° clockwise rotation of 
the mantle about an axis emerging in the northern Sudan 
greatly improves the fit of 50 m y plume-site latitudes inferred 
from palaeomagnetic evidence to the latitudes of their present 
sites (see Table 2) A still better fit may be achieved by allowing 
mterplume movement but the close fit under the requirement 
of whole-mantle roll suggests a high degree of common motion. 


NN —M——————————— 
Table 1 Palaeomagnetic and Plume Data 





Plume Present site 50 my ste 50 my magnetic pole Qg5 50my Discrepancy 
Lattude Longitude Latitude Longitude Latitude Longitude latitude 
(1) Iceland 64 0°N 342 0°E 62 0?N 3530°E «  770"N 161 0^E* 20 47 2°N 14 8?N 
(2) Yellowstone 45 0N 250 0°E 38 ON 238 OPE 85 0°N 197 OE 140 41 TN 33°N 
(3) Tibesti 20 0?N 19 0°E 32 O°N 13 O°E 81 O°N 168 0°E 45 23 8°N 3 8°S 
(4) Hawa 19 0?N 204 0°E 37 O°N 71 OPE 71 ON 354 0E 134 18 0°N 10?N 
(5) Balleny 67 0*8 165 O°E 42 0°S 14500°E 70 0°N 306 0°E 33 . 604'8 67S 
(6) Reunion 21 0*S 56 0E 50°S 70 0°E 700°N , 306 0°E 53 15 8°S 528 
(7) Tristan (E) 37 0°S 347 OPE 37 0°S 303 CE 81 0°N 168 0°E 45 45 TS 8 TN 
(8) Tristan (W) 37 0°S 347 0°E 340°S  .3330E 79 00N 122 O°ET 1440 . 4328 6 2?N 


a OO 


. * 
* This is the pole obtained directly from the Faeroes lavas, McElhunny? used 75°N, instead of 77°N, in his analysis 
t McElhinny? does not give a separate 50 m y magnetic pole for South America This Tertiary pole ıs from Creer*?* d 


—»5.. 
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Fig. 1 Contours on surface of “sum of squares of residuals" 
(SSR, see text) to show location of best fit rotation axis, and the 
pattern of increase in SSR away from ıt Clockwise rotation of 
the mantle of 12 1° about an axis at 25°N, 30°E decreases the 


SSR from 131 to 31 Dashed lines with arrows indicate the 
motion of plumes (as numbered 1n Table 1) predicted by this 
mantle roll 


By the same argument the result, we feel, 1s inconsistent with 
the discrepancies of Table 1 being due entirely to random error 
m palaeopole or plume location 

This leads to the curious picture of the lithosphere essentially 
fixed to the Earth's spin axis with the mantle beneath rolling 
about some independent axis Roll of the mantle, uncoupled 
from the lithosphere, 1s compatible both with McElhinny’s 
conclusion that polar wander with respect to the lithosphere 
has not occurred within the past 50 m y, and with the variable 
discrepancies between plume traces and polar wander paths 
Grommé and Vine?? conclude that the Hawauan plume has not 
changed its position significantly with respect to the magnetic 
pole since the formation of Midway Island (18 my ago), 
whereas Duncan et a/* proposed that the Iceland and Eifel 
plumes have moved considerably This conflict is possibly 
resolved by the fact that Hawau 1s close to the proposed mantle 
roll axis (the antipode at 25°S, 150*W) and would not be 
expected to move a great distance (in fact the plume motion 
predicted is primarily ‘westwards, rather than translatitudinal), 
whereas Iceland 1s more than 60° away and should then show 
substantial movement The possible causes or consequences of 
this hypothetical process of mantle roll will not be considered 
here We feel, however, that the evidence for it 15 suggestive and 
encourages its consideration and the acquisition. of data in 
sufficient quantity and quality for a more decisive test 

This research was in part supported by the National Science 
Foundation We thank C Powell, W J Morgan, T H Jordan, 
K S Deffeyes and M W McElhinny for helpful discussions 


Appendix 
The following are the geochronological data for plume traces 


(1) Iceland Plume: the Wyville-Thompson Ridge connects the 
present site of plume activity to the Faeroe Islands, aged 
50 m y. 





Table 2 Latitude Discrepancies Observed and Predicted by 121° 
Clockwise Mantle Roll about an Axis at 25°N, 30°E 





Latitude discrepancy 


Plume Observed Predicted 
Iceland 148°N 8 6ON 
Yellowstone 33°N 79°N ae 
Tibesti . 3 8°S 20°N 
Hawan 10N 03°S 
Balleny 67S 8 48 
Réunion . 528 53?8 
Tristan (E) 8 TN 66°N 
Tristan (W) 62°N 6 6N 





The N or S notation signifies that with respect to the Earth's 
rotation axis, the present plume site 1s (or predicted to be, with mantle 
roll) north or south of its position 50 m y ago 
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Q) Yellowstone Plume the trace to the Snake River plains, 
25 m.y ago, ıs conspicuous (R L Armstrong, W P Lee- 
man and H E Malde, to be published) but its earlier 
manifestations (nearer the continental edge) are obscure 
Extrapolation along the Yellowstone-Snake River trace at 
a velocity of 2 cm yr-! would locate its 50 m y position at 
San Francisco, this palaeoposition has been used 


(3) Tibesti Plume a conspicuous line of igneous centres curves 
generally north-west from Tibesti (very recent activity) 
toward Tripoli?? Although volcanism along this line has 
recurred up to the Pliocene (at least), the oldest activity 
near Tripoli has been dated at 52 my (ref 13) This has 
been taken as the palaeoplume site 


(4) Hawanan Plume present activity at Hawau is connected 
by a trend of volcanism to the Emperor Seamounts*:?/14-18, 
A 50 my position has been interpolated from known ages 
and inferred plate velocity?’, 


(5) Balleny Plume the presently active Balleny Islands sit at 
the south end of the South Tasman Rise, a conspicuous 
aseismic ridge connecting the Australian-Antarctic spread- 
ing ridge to Tasmania Although the well known Tasmanian 
dolerites are Jurassic in age, seafloor anomalies indicate 
initiation. of the ridge adjacent to Tasmania at about 50 
m y ?? The South Tasman Rise also parallels the Tasmantid 
Guyots?? and eastern Australian volcanism 


~~ 


6) Réunion Plume the Réunton-Laccadive-Maldive line? is 
interrupted by a recent spreading episode The south end 
of the Chagos Plateau 1s proposed as the 50 my site of 
volcanism based on magnetic anomaly evidence?9;?1 


(7) Tristan (East) Plume volcanism at Tristan da Cunha 
near the mid-Atlantic Ridge 1s linked by the Walvis Ridge 
to South-west Africa Again, the intersection of anomaly 
20 (—50 m y ) with this aseismic ridge gives the 50 my 
site of plume activity?2:22 


(8) Tristan (West) Plume towards South America the plume 
appears as the Rio Grande Rise Anomaly 20 marks the 
50 my site??? 
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An oscillation was observed in a com- 
puter simulation of a single first-order 


reaction in a membrane exhibiting both 
the chemodiffusional coupling and auto- 
catalysis. 


Tere has been a recent upsurge of interest in the occurrence 
of chemical oscillations, prompted largely by their probable 
biological importance (see refs 1-5 for review) The earliest 
recognition that sustained periodic behaviour may be exhibited 
by open chemically reacting systems incorporating an auto- 
catalytic step came from the studies of Lotka*-*. Katchalsky 
and Spangler predicted that oscillations might be achieved in 
certain circumstances by coupling a reaction to a membrane 
transport process?, suggested conditions include a catalytic 
system undergoing a phase transition with metastable states 
induced by reactant or product We shall show that 1t 1s possible 
to obtain oscillations ın numerical simulations of a similar 
system with more realistic and less restrictive conditions. 

Periodicity has been found in a number of simulation studies 
based on biochemical models, all representing homogeneous 
systems far from equilibrium and characterized by more or less 
complex kinetic schemes Such systems generally show limit 
cycle behaviour, that 1s, oscillation proceeds around an unstable 
steady state!?, This was illustrated ın an instructive analysis of 
a hypothetical reaction scheme involving a trimolecular auto- 
catalytic step, which established the emergence of both temporal 
and spatial order (‘dissipative structures") given suitable con- 
ditions!!-!13 A linearization procedure has been proposed to 
evaluate the hitherto undetermined effects of diffusion on auto- 
catalysis ın a heterogeneous system! 

Very few well defined experimental examples of sustained 
chemical oscillations exist The two which have attracted most 
attention are the Belousov-Zhabotinski malonic acid oxidation 
reaction!^*, which readily forms spatial patterns", and the 
phosphofructokinase reaction of the glycolytic pathway? Both 
have been studied extensively ın homogeneous solution, the 
latter in cell-free extracts or reconstructed systems’? The 
Belousov-Zhabotinski reaction has also been carried out in a 
membrane contaming immobilized catalyst (ferroin), thus 
eliminating convection’? In both instances elaborate kinetic 
schemes have been proposed to account for the observed 
behaviour!?.20,21 

In an attempt to see whether chemical oscillations can be 
generated by relatively unsophisticated means, a simple and 
well characterized system exhibiting. both chemodiffusional 
coupling and autocatalysis was chosen for'computer simulation 
the hydrolysis of benzoyl-^arginine ethyl ester (BAEE) by, a 
membrane containing bound’ papam The collodion-papain 
membrane has betn studied extensively as a prototype enzyme 
membrane?*-4,, and the kinetics of BAEE hydrolysis m solution 





are well understood?* Both in solution and in the membrane 
the reaction follows a Uell-shaped pH dependence, in solution 
the maximum rate occurs at neutral pH while in the membrane 
the overall rate curve, plotted as a function of external pH, 
appears to be displaced towards the alkaline region as a conse- 
quence of the local increase ın hydrogen ton concentration??? 
In both cases the alkaline limb of the rate curve represents an 
autocatalytic effect Assuming that the membrane 1s homo- 
geneous and that the reaction kinetics are not altered by virtue 
of the immobilization of the enzyme (experimental papain 
membranes may contain over 90% of water), the local reaction 
scheme 1s identical to that in solution Hydrolysis proceeds 
through the formation of an acyl-enzyme intermediate ES’ 


Ks ka ks 
E+S=ES—~ES’ +P, —E +P, +P: (1) 
ES 1s the enzyme-substrate complex, Kg its dissociation constant 
and P, and P, are the alcohol and acid moieties of the ester 
substrate The pH dependence of the reaction rate can be 
accurately described by the relations?* 


Kg — 545 x 1075 mol cm? (2) 
ky = 64 9/(1 + 107 ??[E] + 10-1 (TH]72) s7 (3) 
ka = 202/(0 + 10° "[HD s? e (4) 


where [H] ıs the hydrogen-ion concentration (mol cm 7?) The 
rate, as a function of both substrate and hydrogen 10n concen- 
tration, 1s given by 

R(HLISD = Kk E]/Gc +k +kaKa[S] ?) mol cm~* s = (5) 
where [E] and [S] are the enzyme and substrate concentrations 
(mol cm-?) This expression 1s readily cast into the usual 
Michaelis-Menten form, from which it 1s seen that the apparent 
Ky increases from about Kg/4 to Ks over the pH range 4 to 10 

Tn formulating the local equations of continuity for reaction 
within the membrane, it 15 assumed that electrical effects can be 
neglected This will be the case providing the membrane has an 
open structure and the 1onic strength of the medium 1s main- 
tained sufficiently high by means of a neutral electrolyte such 
as KCl We can then write 


—R(HIIS) + Ds v IS] — 2S/0t —0 (6) 
where Dg 1s the diffusion coefficient of the substrate within the 
membrane However, for the hydrogen ion 


R(HLSD + Day TH] — aH at = o[HaO]/2t = 
Dony TOH] — 4OHy2t O) 


where we take into account the presence of hydroxyl 10n, since 
m*the autocatalytic region its concentration exceeds that of 
hydrogen ton Equilibrium between water, hydrogen, and 
hydroxylion may be considered to beestablished instantaneously 
e (Ky =[H][OH] =10 -* mol? cm -*) as compared with the hydro- 
lysis rate Assuming that the memb ane diffusion coefficients 
Dg and Dog are approximately equ ib (7) simplifies to 


ROIS) + Duy *(HI-[OH) - X[H]-IOHD/2t —0 (8) 


For simulation studies we adopted the ‘simplest possible 
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boundary conditions identical well stirred solutions 1n reser- 
voirs on either side of the membrane, with fixed concentrations. 
In this case, since the membrane ıs homogeneous, it may be 
divided conceptually into two mirror-image layers with an 
impermeable plane or wall between them Dirichlet conditions 
govern the outer boundaries [S] -[S]o, [H] -[H]o, Neumann 
conditions the inner (2S/0x—?[H]/0x —0) The simulations 
were performed for one such membrane layer of thickness Eup 
corresponding closely to an experimental design adopted later?? 
Using a standard finite-difference algorithm, preliminary simu- 
lations were made with Lw-—100 um, a reservoir pH of 10 
(TH]o —10 7* M), and published values of [E], Dy, and Dg for 
the papain-collodion membrane? A sustained oscillation of 
period 40 s is observed within the substrate concentration range 
[S] =5x 10-* M+10%, and an extremely sharp pH “front” 
develops, and moves back and forth across the membrane 
thickness during a large fraction of the oscillation period At 
higher substrate levels the oscillatiog ceases but the front 
persists, 

In subsequent experimental studies, oscillatory behaviour 
was achieved in cross-linked papain-albumin membranes, and 
the modulating influence of the unstirred "boundary" layer at 
the reservoir-membrane boundary was recognized (A Napar- 
stek, D Thomas and 8 R Caplan, unpublished) For purposes 
of comparison with these experiments further simulations were 
based on the parameters of the papain-albumin membrane, 
taking into account diffusion across a boundary layer of thick- 
ness Lg by assuming, as a first approximation, diffusion 
coefficients identical with those in the membrane In a typical 
example Lg —26 5 um and L4—11 um (S] -[S]o, [H] =[H]o 
at x—0, R(HI,[S])=0 for O x &Lg, e[S]/ dx = 2[H]/ 0x =0 at 
X—Lg--Ly) Figures 1 and 2 illustrate the results obtained for 
this system with the new, faster, and more accurate split-step 
Fourier algorithm (N. J Zabusky and R Hardin, unpublished) 
(An analytical/numertcal investigation validated this algorithm 
an essential feature of the study 1s a Imear stability analysis, and 
perturbations are taken about the mhomogeneous stationary 
states ) Figure 1 shows three pH profiles a and c are for values 
of [Slo that yield stable stationary states whereas b ıs for an 
intermediate [S] whef the system 1s oscillatory with a period 
of 181s The profile b corresponds to the closest approach of 
the pH front to the reservoir, as shown by the vertical arrows 
in Fig 2 where complete representations of the solutions for 
[H]Cx,r) and [S](x,2) are given on space-time contour diagrams 
The steep pH front is seen to exist for 7 5 $, 34 s of which are 
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Fig 1 pH profiles for the model equations of a papam-albumin 
membrane* ([Ej—5 23 mol cm^?, D4—5 5x 1075 em?/s-!, D,— 
12x10-?cm*s^?) Reservoir substrate concentrations are [S]j— 
2 5x107" mol cm^? for a; [S]j;—5 x 107? mol cm~? for b, [S], — 
107* mol cm~? for c Curves a and c are stable stationary states, 
b corresponds to the times marked by vertical arrows 1n Fig, 2 
The reservoir pH has been set at 10 0, the boundary layer thick- 
ness La=26 5 um, and the membrane thickness L44—11 0 um 
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Fig. 2 Space-time [H] and [S] contours (logarithmically spaced) 
for the model equations of a papain-albumin membtiane in the 
oscillatory regime The period of the oscillation is [8 1 s and the 
amplitude at the impermeable plane varies from 9 92 pH units to 
4 27 pH units. The reservoir substrate concentration is 5 x 1077 
mol cm? (see legend to Fig 1 for additional parameters) 


spent in the boundary layer At any location in the membiane 
the [S](x,?) against [H](x,t) trajectory appears as a limit cycle, 
Additional simulations, with Ly increased, show that the front 
may not reach the impermeable wall, and small amplitude 
oscillations occur 

For the substrate concentrations considered here, the reaction 
remains ım the first order kinetic range everywhere within the 
membrane This is also true of the higher concentration, 
4 5x 107? M, used in the experimental study At this substrate 
level, however, stable stationary states (showing steep transi- 
tions) are obtamed by simulation Nevertheless, the close 
agreement of the periods (20 s in the laboratory and 18 1 s by 
computation) and the character of the solutions suggest that 
this model provides a sound basis for understanding the 
reaction-diffusion dynamics of the system 

We are indebted to the late Professor Aharon Katchalsky for 
bringing the problem to our attention, to Professor Achi Brandt 
for computational assistance, to Mr R H Hardin for the simu- 
lations provided by the accurate split-step Fourter algorithm 
and to the Weizmann Institute of Science, Rehovot, Israel, for 
hospitality to S R C and N J Z The project was supported by 
a US Public Health Service grant to the Harvard-Massachusetts 
Institute of Technology Program in Health Sciences and Tech- 
nology, S R C held a USPHS Career Development Award, 
N J Z received support from Bell Laboratories and the J S 
Guggenheim Memorial Foundation 
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LETTERS 


PHYSICAL SCIENCES 


Possible Indirect Method for the 
Detection of y-Ray Flashes from 
Supernovae 


THE electron-photon cascade calculations of Messel and 
Crawford! contain a remarkable feature which has not 
attracted widespread attention Although the secondary 
electrons reach maximum numbers and die away 1n a fashion 
broadly consistent with previous calculations, very low 
energy y rays persist in relatively large numbers to great 
depths of absorber Fora primary photon of 500 MeV in arr, 
for example (Table K756 of ref 1), and secondary electrons 
and photons of total energy z1 MeV, the mean electron 
number falls to 0 78 at 10 radiation lengths (r1), and-to 0 009 
at 16 r1, but the number of photons, reaching a maximum 
of {Ul at Srl, is attenuated very slowly, and 548 are still 
predicted at 30 r1 Fhe total energy carried is 10 46 MeV, so 
the average predicted energy at 30 r l ts about 2 MeV  Simi- 
larly for higher energies a 50 GeV primary photon produces 
577 y rays of mean energy 204 MeV at 30rI In general, it 
seems that for primaries of more than 500 MeV, about 296 
of the primary energy reaches 30 rl ın the form of 1 to 2 
MeV y rays, 30 r1 in air corresponds to about 1,100 g cm7’, 
or sea Ievel 

Other cascade calculations suggest considerably smaller 
numbers of low energy y rays, though there do not seem 
to be any ‘precisely comparable results available at these 
energies and depths in air. [t has been appreciated for many 
years (see, for example, Rossi’, page 223) that y rays of energy 
lower than about 20 MeV have mean free paths of several 
radiation lengths before falling below 1 MeV, but the absorp- 
tion of exp {—0 117) quoted by Messel and Crawford seems 
longer than expected previously 

If the Messel and Crawford figures are correct, a burst of 
high energy y rays striking the top of the atmosphere may be 
observable by a y-ray detector of feasible size and efficiency 
at sea level, and because of*the very slow attenuation, such 
a system may be more effective at sea level than at mountain 
or balloon altitudes Consider a burst of *y rays of total 
energy-10-° erg cm^? above 500 MeV striking the top of the 
atmosphere in a time r Thus corresponds, with anentegr&l 
spectrum E-'5, to ~1073 y rays cm? «At sea level we have 
2X10-$erg cm"? Atan average energy of 2 MeV, this 1s 10 
photons cm™ or 100 photons m^? . 

With a detector area of 1 m? and an efficiency. of 30%, 
which would seem feasible with a matrix of Nal or CsI 
ervetale thie would sive thirty events in the system The 
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background counting rate would be of the order of 1,000 
counts The detectability of the effect then depends on the 
duration of the pulse 7. If 7 1s L ms, a continuously clocked 
reset-scaler overflow system, demanding fifteen pulses in this 
time, would have a random rate of only about one event in 
10° d A real signal rate of one event per year would there- 
fore be detectable 

Estimates of the y-ray flash from a supernova have been 
made by Colgate?‘ In his first theory, a supernova in the 
Virgo cluster would produce 01 to 1 y ray cm~, of charac- 
teristic energy 2 GeV, with a pulse duration 107? s, at the top 
of the atmosphere This corresponds to 3x 107! to 3x107? 
erg cm"? At sea level a burst of 3X10* to 3X 10° 2-MeV y 
rays m^? would be produced, which would be very easily 
detectable, though ıt could be confused with an extensive 
air shower 1f dead times were not introduced to ensure that 
the events were spread over a time longer than —2 us Ina 
modified theory*$, however, the expected flux ıs reduced by 
a large factor from the original estimate, to about 1077 erg 
cm"? in about 10 ms Very recently, Colgate (preprint, May 
1973) has again given an estimate for ultrahigh energy y 
rays, predicting 10" ergs af ~10" eV photons from a type I 
supernova For a distance of 10 Mpc, this would produce 
10~* erg cm™ at the top of the atmosphere, which fails in 
detectability by about two orders of magnitude 

Recently’, satellite observations of low energy y-ray bursts, 
which may come from supernova explosions, have been 
reported Energy fluxes between 0 2 and 1 5 MeV were 1075 to 
4X107* erg cm? Pulse durations up to 30 s were observed, 
but an initial fast pulse, predicted by the Colgate model, would 
not, apparently, be excluded If the observed y rays are the 
products of essentially high energy processes, a flux of 107° 
erg cm"? at 2 500 MeV would not seem impossible Colgate 
(preprint, op cit), however, ascribes these y rays to essentially 
low energy processes in type II supernovae 

An experiment based on the principle of low energy y-ray 
detection at sea level has been used? to search for sporadic 
y rays from pulsars, with essentially negative results The 
detectors used were, however, liquid and plastic scintillators 
of low efficiency and area, and 1solated events could not have 
ebeen separated from random coincidences under the con- 
ditions of operation It seems possible that isolated bursts of 
100 low energy y rays m7’, occurring perhaps ten times a year, 
could have escaped previous detection in cosmic-ray or other 
experiments , 

The method may be applicable to searches for 'y rays from 
other phenomena besides supernovae In particular, a limit 
could be set for pulses associated with the gravitational events 
reported by Weber? The energy in these 1s about 10* erg cm"? 
so for a flash of duration 1 ms, the limiting intensity of 1079 
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erg cm™ in y rays represents a fraction 107 of the gravita- 
tional energy For a pulse duration of 1 s, about 107* erg 
cm? should produce an event These energy limits are com- 
parable with those set by Baird and Pomerantz? at X-ray 
frequencies In terms of energy per unit bandwidth, the y-ray 
limits would be less than 107? W m^? Hz-!, very much 
smaller than those set at radio, optical or X-ray fre- 
quencies''“"", and are far lower also than those attainable in 
microwave searches for supernovae', but it is doubtful 
whether the use of this unit 1s physically significant at y-ray 
frequencies In terms of total energy, the y-ray limit 1s about 
10* times greater than that of ref 16 

Since the feasibility of the method depends entirely on 
the Messel and Crawford predictions, an experimental test 
of the theory would be desirable This would be difficult in 
air, but in light solids, or in copper or lead, where similar 
predictions are made, it would seem relatively easy at 
accelerator energies The literature,on radtation shielding, 
although very extensive, does not seem to provide data 
which can be used for this purpose The energy spectrum of 
the predicted y-ray flux is very steep, numbers of photons at 
z 7 MeV being only about 05% of those at > 1 MeV 

Even if the attenuation of the low energy y rays ıs signifi- 
cantly greater than predicted, the method may still be feasible 
at mountain altitudes, though larger cosmic-ray background 
will increase detectable fluxes The general condition for 
detectability ts that i£ 7 1s the duration of the signal flash, R 
the background count rate in the detector, n the number of 
pulses in a given signal, and S the rate at which signals occur, 
STR? 7* 4 f{nt, and also Rr <~1 

The method would appear suitable in practice only for 
signal durations less than about 10 ms 

N A PORTER 

Physics Depaitment, 
University College, 
Dublin 
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Dynamically Plausible Hypotheses of 
Lunar Origin - 


THE necessity that at least half the primordial Moon be® * 


enriched in refractory aluminium and calcium silicates':2, as 
well as this outer half being depleted 1n volatiles and the entire 
Moon being depleted in iron, has led to a renewed emphasis 
on the capture hypothesis of lunar origin?-7 — This emphasis 
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in. part springs from the need to have a high temperature (or 
low pressure) environment in which condensation, and hence 
presumably accretion, of substances less volatile than iron 
predominates?? The evident reasoning is that the Moon 
was made in a different place than it 1s now, the philosophy 
seems to be that celestial mechanical improbabilities are more 
tolerable than are thermochemical improbabilities, in view of 
the fewer bodies tnvolved 

All those who hypothesise capture acknowledge that it is an 
improbable event So most^-? suggest that the Moon was 
made somewhere near the Earth, which seems contrary to the 
thermochemically inspired wish to make the Moon in a 
different part of the Solar System All but onet 7, however, 
explicitly require the entire Moon to be captured at once, 
which is the most severely tmplausible form of the hypothesis 
The reason for this tmplausibility is the extreme weakness of 
the only known energy sink for pure capture, tidal friction 

It 1s therefore worthwhile to emphasise more strongly than 
previously!? why tidal friction is an implausibly weak energy 
sink A way to demonstrate this weakness tis to assume that 
most, but not all, of the Moon was captured, to hypothesise that 
the energy sink for this capture was collision with matter 
already in orbit around the Earth, and then to ask how much 
matter 1s needed to make such collistons a more effective energy 
sink than tidal friction For a given dissipation factor (1/Q 
and perigee distance r,), the energy dissipation per pass by 
tidal friction in the initial highly eccentric orbit ıs easily 
estimated, since, as shown by Gerstenkorn!'!, for plausible 
rheologies this dissipation is mainly in the radial tides in the 
Moon So we can write the dissipation in terms of the work 
done!?:'? on a homogeneous Moon in a single approach from 
a distance to perigee 


AE=(1/Q $ ['votume pi [CU T)/xi/dSdt 


= (2/0 ] [suns CohIg) 2UJà (U+ T)dsdi 


oo aim h 
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where %4, k are the displacement and potential Love numbers, 
about 0 033 and 0 020 for the present Moon'*, R ıs the Moon’s 
radius, G ts the gravitational constant, and M 1s the Earth’s 
mass Assuming a Q of [0 and a minimum perigee distance 
Ip of | 5 Earth radit, equation (1) gives 0 5 x 10?? eig dissipation 
per pass 

For collision of a Moon of mass m and velocity » with 
another body of mass m’ and velocity y’ 


3GM R? ] 





(1) 


(2) 
(3) 


For yv=10 km s~! and v’=7 km s-t, the use of the momentum 
conservation equation (3) to eliminate vo in equation (2) and 
05x 103? erg for AE yields 14x 107! g for m that is, the 
Moon needs to collide with only 2x 10-5 of its own mass for 
collision to be a more efficient energy dissipator than tidal 
friction 

Of course, in a single pass the Moon would have collided 
with only a minor portton of the matter in orbit about the 
Earth, a more realistic estimate requires a hypothesis as to the 
distribution of this matter For a uniform disk of thickness b 
fuch less than radius c, an orbit of inclination 7 appreciably 
greater than b/c will collide with a volume 2br R?/sin/ per pass, 
or 2 R?[(c?sinI) of the total For ą c of, say, three Earth radu, 
this ratio is still more than 0 015. So for this plausible model, a 
total disk mass of only 1/600 the Moon's mass would have been 
a more effective energy sink than tidal friction 

It ts sometimes argued that solar perturbations may keep 


AE= 1/2[mv? + m'v/? — (m+ m^)vs?] 
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the Moon close to the Earth long enough for tidal friction to be 
effective?7, however, the effectiveness of collision dissipation 
will be equally increased by the same mechanism, so that its 
comparative advantage is maintained Another mechanism 
proposed by Alfven and Arrhenius? Js the locking of the Moon 
in synchronisation with a longitudinal variation in the Earth's 
gravitational field This synchronisation cannot be 1 1, since 
for the primordial day of 5 h the orbit would be within the 
Roche limit Higher order synchronisations depend on the 
orbital inclination J or eccentricity e The torque exerted by 
the fixed variation in the gravity field must then be greater than 
the tidal torque, or! 15 

a(GM]rY R[r) Jue? z | QKGmlrY RIr CRI — (4) 
where R is now the Earth's radius, Jim 1s the dimensionless 
spherical harmonic potential coefficient, a is a factor of order 
unity, and the exponents 1, y depend on the order of the com- 
mensurability For example, for a 2 1 commensurability 
i+y>2 for /=2 and 1+y21 for /=3 Ata2 1 commensur- 
ability for the 5-h day, r/Ris3 7 Thus 


Jaa z (kl Qm MYGRIr* (1/ae*)~0 7 x 107*/(Qe*) 
or — Ja z(k|Qm|M)(RIr) (1/ae)~0 3 x 107*/(Qo) 


There 1s a marginal possibility the J22 commensurability would 
be stable until radial tides pumped down the eccentricity This 
says nothing about the probability of capture into the reson- 
ance, which depends on the change in tidal torque with passage 
through commensurability!$ 

Returning to the main theme, a mechanism ıs needed for the 
Earth to acquire the 1/600 Moon to catch a whole Moon In 
any model of planet formation from a gas and dust nebula, at 
the stage where protoplanets become sufficiently massive for 
gravitational capture to be significant, there still will be an 
abundance of smaller bodies a hierarchy of planetesimais of 
number density varying inversely with mass over a wide range 
of sizes The attraction of the protoplanet for these smaller 
bodies will cause an increase in the number density of small 
bodies in the vicinity of the protoplanet, and thus an increased 
probability of mutual collisions between small bodies The 
calculation of this probability 1s somewhat intricate, it has 
been done best by Safronov!? In any case, given such a 
collision in the vicinity of a protoplanet, the chance 1s quite 
good that the bodies will lose enough energy to be captured 
by the protoplanet, but retain enough angular momentum to 
go into orbit around the protoplanet, rather than falling in 

Once any matter was in orbit around a protoplanet, it 
acted as an effective trap for further infalling matter, thus 
increasing the mass of the circumplanetary ring Most of this 
matter was in the form of planetesimals of radius less than 300 
km, the consequence of gravitational instability of condensed 
matter 1n the nebula, followed by a period of collisions, as 
derived by Safronov!” and later by Goldreich and Ward'® So 
the probability 1s greatest that satellites are created out of 
many smaller bodies ın orbit around the planet this ıs essen- 
tially the model of Ruskol!?-?! But the anomalies in plane- 
tary rotation, Venus and Uranus, the Jarger mean eccentricities 
and inclinations of the small planet orbits (0 175 and 7 2? for 
Mercury??, 0 242 and 15 9? for Pluto?5), as well as the high 
Moon Earth mass ratio, all jndicate that the population of 
planetesimals included some sizable bodies, perhaps even 
larger than the Moon Related to this is the apparent over~ 
stability of the Solar System the generous spacing between the 
planets which is the essence of Bode’s law From modelg 
which depend on relatively close interaction for dyflamical 
evolution!7:48, it is difficult to avoid the Conclusion that there 
should be several.more planets than observed The clearing 
out of the intermediate bodies* must have depended on longer 
term perturbatioms associated with the perthelion and node 
revolutions Bodies midway ‘between successive terrestrial 
nlanet extreme anhela and nerthelia with eccentricity oscilla- 
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tions comparable to those ın the present system?? would not 
survive Bodies between major planets would need eccentricity 
oscillations three or four times those of major planets to 
collide with the planets 

The principal message 1s that collision with pre-existing 
satellite matter 1s the most effective means of capturing a 
moon, and that the *normal" class of models of evolution 
from dust through planetesimals to planets would have led to 
circumstances where matter was orbiting about protoplanets 
There are limits, of course, to how much energy can plausibly 
be expended by collision Furthermore, the farther away 
from the Earth a body originates, the narrower the range of 
conditions will bring 1t within a capturable energy relative to 
the Earth Thus, for example, a near-minimum energy tra- 
Jectory from Mercury to the Earth, required in Cameron's 
hypothesis*, will approach the Earth with a relative velocity of 
about 75 km s^! (2x 10?" erg to dissipate), the distance of 
this approach will vary 10 Earth radii for a change of only 
0 006 km s~} in initial velocity at Mercury 

Given that the Moon's matter arrived in orbit about the 
Earth in many chunks, the realistic alternatives are (1) one 
chunk was much larger than the rest, perhaps considerably 
more than half the total mass, and (2) all the chunks were small 
compared with the total mass of the Moon Perhaps the best 
evidences of the latter are that the outer half of the Moon 1s 
severely depleted in volatiles and enriched in refractory sili- 
cates, and that at least the outer fourth of the Moon was 
heated sufficiently to differentiate a crust very soon after its 
formation? Given that there were volatiles entrapped 
when the materials of certain bodies (such as the Earth and the 
parents of carbonaceous chondrites) were last put together 
into, say, 10 m or larger pieces, then the only way to remove it 
thoroughly from other matter 1n the same part of the Solar 
System 1s to break the latter down into small pieces, requiring 
many collisions. Furthermore, the only certain way to 
achieve the primordial heating evidence 1n the Moon's outer 
parts 1s by rapid infall ın the terminal stages?*?* Both these 
circumstances—frequent collisions and rapid terminal infall— 
could not be obtained on the relatively long time scale of 
formation in heliocentric orbit! 718, but could be on the short 
time scale of formation in geocentric orbit As discussed by 
Ruskol?!, there were probably repeated cycles of coalescence 
and fragmentation of the circumterrestrial matter, because of 
repeated disruption by further matter falling in from outside 
the Earth-Moon system In this manner, the formation of the 
Moon may have been delayed as much as 10* yr But once 
the protolunar matter was left undisturbed, the formation 
would have proceeded rapidly To give the initial inclination 
between the lunar orbit and the Earth equator, one or a few 
fair-sized planetesimals (less than 1/10 lunar mass) must have 
hit the Moon or the Earth from outside the Earth-Moon 
system after the Moon was formed?$ 
. À circumterrestrial regime of repeated collisions would 
certainly have been conducive to loss of volatiles and enrich- 
ment in refractory materials?7?9 The depletion of the 
protolunar matter in iron relative to the Earth may have been 
due, however, to an earher differentiation in the nebula, 
favouring enrichment of iron in earlier accreting bodies for 
either thermochemical?? or mechanical?? reasons 

Dynamical plausibility suggests that satellites have different 
compositions than their associated planets both because of 
later formation and because of the frequent collisions and 
rapid coalescence in a circumplanetary swarm It also 
suggests that collisions are the most effective means of energy 
dissipation for orbital changes, tidal friction is too slow, and 

e gravitational effects are too temporary. The retrograde satel- 


e elites of Jupitersare sometimes mentioned as examples of gravi- 


tational capture", however, they arg too far inside the mar- 
ginal Jacobi constant?!, and collisions seem the most reason- 
able explanation even for their capture?? 

Our notion of plausibility entails minimal change from the 
present Solar Svstem. of course If the solar nebula had a mass 
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on the order of a solar mass, as hypothesized by Cameron??, 
most of the dynamical considerations discussed here would not 
constrain events before the dispersal of the nebula by the 
T Tauri phase of the Sun One difficult thing to understand 
about Cameron's model 1s that if the solid matter in the 
central plane of the nebula was dense enough to allow growth 
of major planets in a few thousand years, then in this same 
time most of the matter should have collected by gravitational 
instability into bodies of radius a few kilometres!? 18, too 
large to be carried by gas drag or to be swept away by any T 
Taur wind Furthermore, the number of these bodies and the 
high gas density would have led to many Moon sized bodies, 
and perhaps some terrestrial planet sized, too large to be 
broken up by collision In other words, ıt ıs difficult to make 
the time scale of gravitational instability of solid matter longer 
than the time scale of gravitational capture of gas, as would 
be necessary 1f Cameron's massive nebula has a solar propor- 
tion of iron, silicates and so on 

A possible necessary condition stréngly affecting the solar 
nebula and planet formation therefrom may be the short term 
existence of other stars only a few tens of astronomical units 
away The cloud collapse calculations of Larson?*:35 indicate 
that if angular momentum is retained, multiple star systems 
result Such systems are often unstable, usually ejecting one 
member at a time until a binary, or, less often, a stable triplet 
ts attained*® If isolated stars such as the Sun are normally 
ejected from multiple systems, then no solution of planet 
formation, angular momentum distribution, and so on, would 
be complete without considering the influences of other stars in 
the system 
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Particles in the Polar Stratospheres 


Since 1971, the University of Wyoming's atmospheric physics 
group has been monitoring the stratospheric concentration of 
submicron particles globally using the balloon sounding 
technique with a dustsonde! Included in this programme are 
annual soundings from the 1ce island T-3, at present at about 
85° N, and from McMurdo Station (78° S) and South Pole 
Station (90° S) in Antarctica For reasons of accessibility 
measurements are made 1n both polar regions at approximately 
the same time—northern hemisphere winter Thus the measure- 
ments were carried out at T-3 during December 1971 and 
December 1972 and at the South Pole during January 1972 and 
January 1973 We describe the results here 

Figure 1 shows a comparison of the vertical distribution of 
particles with diameter greater than 0 3 um from the ice island 
T-3 taken 1 yr apart Above an altitude of about 15 km, httle 
change is seen Below this altitude the observed decrease 1s 
similar to that observed at northern mid-latitudes during this 
period? High concentrations of particles in the lower atmos- 
phere (below 9 km) were again observed in 1972, although 
not as extensively as in 1971 The average particle size below 
9 km was observed to be smaller than in the stratosphere, 
probably indicating a different particulate source for the two 
regions 

Measurements of particles of the same size made 1 yr apart 
at the South Pole are shown in Fig 2 Except for the sharp 
layer at an altitude of about 3 km in the 1973 sounding, which 
was due to a low-lymg cloud over the 28 km polar icecap, 
there is little change at any altitude The same conclusion is 
reached if one compares soundings made from McMurdo 
and the South Pole at about the same time as shown in Fig 3 
Because no significant injections of particles into the strato- 
sphere by volcanoes or other means have been reported during 
this period, profiles such as those in Figs 2 and 3 may be 
indicative of the “natural” (non-volcanic) stratospheric aerosol 
background in the polar regions 

The similarity of the vertical particle profiles in the two polar 
regions, as shown ın Fig 4, suggests a common production 
mechanism for the particle layer and thus 1ndicates that the 
source 1s probably not due to local human activity as such 
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Fig. 1 The vertical distribution of aerosol particles having 

diameters greater than 0 3 um ovef the ice island T-3 (85? N) 

‘on two occasions | yrapart <-, Observed tropopause position in 

1971 Smooth curves are lines of constant mixing ratio in units of 

particles per mg of air Light trace, ‘December 3, 1971; heavy 
trace, December 6, 1972 
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Fig 2 The vertical distributions of aerosol particles having 

diameters greater than 03 pm over the South Pole on two 

occasions a year apart, light trace, January 24, 1972, heavy trace, 

January 16, 1973 «—, Observed tropopause positions Smooth 
curves are as in Fig 1 


activity 1s substantially more pronounced in the northern 
hemisphere (polar jet flights, for example) than in the southern 
hemisphere and as substantial exchange across the equator 1s 
thought not to occur Figure 4 also suggests that there is little 
seasonal variation in stratospheric particle concentration at the 
poles, for one sounding was taken 1n local winter and one in 
local summer, this suggestion has not, however, been verified 
This would be in contrast to the situation at lower latitudes, 
for the monthly measurements at northern mid-latitudes for 
the past 15 yr in this programme suggest an increase in the 
total stratospheric particulate loading in the lower stratosphere 
during the winter with a consequent removal in spring and a 
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Fig 3 The vertical distributions, 4 d apart, of aerosol particles 

having diameters greater than Q 3 um over McMurdo, Antarctica 

(78° S) (light trace, January 12, 1973) and the South Pole (heavy 

trace, January 16, 1973): -—, Observed tropopause positions 
Smooth curves'are as in Fig | 
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Fig. 4 The vertical distributions,’ 6 weeks apart, of aerosol 

particles having diameters greater than 0 3 um over the ice island 

T-3 (light trace, December 6, 1972) and the South Pole (heavy 
trace, January 16, 1973) Smooth curves are as in Fig 1 


minimum loading in summer The source of such increases 1s 
unknown The decreases seem, however, to be related to 
extensive particle layers in the vicinity of the tropopause and 
may result from loss through the tropopause gap at mid- 
latitudes Thus unless the polar seasonal variatron 1s out of 
phase with that at mid-latitude by 3 months, it probably does 
not exist 

The marked similarity of the stratospheric particle distribu- 
tion in the two polar regions has other interesting implications 
Particle composition analysis by severa] research groups has 
indicated that the principal elemental component of the aerosol 
in the lower stratosphere 1s sulphur (for a review see ref 3 or 4), 
hence the commonly used term “sulphate layer” The sulphur 
can enter the stratosphere in several ways—by volcanic 
injection in the form of sulphur-bearing gases or sulphate 
compounds, by natural injection of tropospheric sulphur- 
bearing gases, for example by upward convection in tropical 
regions, or by the influx of tropospheric sulphur-bearing 
Aitken particles (diameters <0 1 um) 

The first two sources could involve gas phase reactions to 
form particles whereas the latter involves agglomeration A 
higher northern hemisphere particle loading would perhaps be 
expected 1f one of the latter two sources was effective, because 
the northern hemisphere seems to be the dominant sulphur 
producer by at least a factor of two*. This is due to a combina- 
tion of an excess of pollutants (93% of man-made SO; 1s 
produced in the northern hemisphere*) and a larger land mass 
in the northern hemisphere Volcanic injection 1s not a likely 
source of these particles (at least of those above about 15 km) 
since the vertical distribution at the South Pole did not change 
substantially in 1 yr Thus either the dynamics of the problem 
or the sulphur cycle itself 1s not well understood 

In regard to the dynamical problem, one might assume that 
tht polar stratospheric aerosol 1s unaffected by aerosol trans- 
port from lower latitudes (as would be expected if the mid- 
latitude sink already mentioned ıs always operative) If this 
were the case, then the polar tropospheric sulphur source 
would have to be local, since Junge’ has observed that the 
sulphate content of ice samples from Greenland remained 
constant from 1915 to 1957, which 1s interpreted to mean that 
the increased industrial SO, output during this period could 
not penetrate into the Arctic Fenn et al? and Cadle er al ° 
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have shown that in the Arctic and Antarctic respectively the 
aerosol content of surface air has a much larger relative sulphate 
concentration. 

One possible source of the sulphate? is downward mixing 
from the stratospheric sulphate layer. If such a simple model 
is correct, then a somewhat clearer picture emerges, with the 
observed polar particle profiles being an equilibrium distribu- 
tion due to the natural local source (gas phase reactions, for 
example) and diffusion processes and sedimentation. With such 
a model, the degree of sulphur compound input to the strato- 
sphere would depend only on the local surface characteristics 
and sources in the polar regions, which are not too different in 
the two hemispheres, accounting for the similarity in the 
stratospheric observations. The stratospheric concentrations 
observed in polar regions are, however, at least as great as 
those observed in mid-latitudes and somewhat higher than those 
in low latitudes, which would not be expected with such a model. 

Regarding the sulphur cycle, the oceans may play a larger role 
in the global sulphur budget than previously assumed. For 
example, the dimethyl sulphide [(CH$f),S] discovered in sea 
water by Lovelock et al.'?" may not only be the missing ocean 
sulphur source (previously thought to be H,S), but could 
prove to be an important source for stratospheric sulphate 
aerosol. Although the end product of SO, or H.S gas phase 
reactions in the stratosphere, important for aerosol formation, 
is sulphuric acid, the equivalent product for (CH;),S is methane 
sulphonic acid, which has physical properties similar to 
sulphuric acid. Thus detection of the organosulphur acid in the 
stratospheric aerosol would be strong evidence for the im- 
portance of the maritime methyl sulphide in the global sulphur 
budget. 

To resolve the problem of the natural stratospheric particle 
source, further stratospheric particle measurements during 
all seasons in both hemispheres and additional global SO;, 
H.S and (CH;),S measurements, both on the surface and as a 
function of altitude, are required. 
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Popping Rocks and Lava Tubes from 


the Mid-Atlantic Rift Valley at 36° N ., 


DuniNG the 1972 Midlante cruise of the RV Jean Charcot to 
survey a limited area of the rift valley south of the Azores, a 
dredge (CH-DR11) was taken at a depth of 1,360 fathoms in a 


depression near the foot of the eastern wall at latitude 
36° 49.3’ N and longitude 33° 15’ W. Two types of rocks were 
recognized from their structure and their degree of weathering. 
One type is “slab-like” rock, 2 to 13 cm in diameter and 1 to 2 
cm thick (Fig. la and 5). The other type of rock consists of 
oval glassy pebbles (1 to 5 cm in diameter, Fig. kc) which 
were observed to jump and explode, one or two at a time, for 
3 d after the dredge haul was emptied on to the deck of the ship. 

Here we report two volcanic phenomena which have been 
only rarely described in the literature from first hand experience, 
namely, the occurrence of lava tubes in the ocean and the 
observance of "popping rocks". To our knowledge, popping 
rocks have only been reported twice before; once from the 
southern part of the continental slope west of Baja, Cali- 
fornia, by Krause? and once from the Confederation Peak 
area at 45° N on the Mid-Atlantic Ridge by Aumento?. 

The lava slabs are slightly concave on one side, with a thin 
film of manganese and iron oxide coating, whereas the convex 
side is rugose and sometimes shows wrinkles indicating the 
direction of lava flow (Fig. 15). The convex surface consists 
of a palagonite crust with small amounts of fresh glass (Fig. 1a). 
Both surfaces of the slabs are weathered but the inner portion 
is fresh (Fig. 15). The slabs are primarily made up of basaltic 
glass which becomes more crystalline towards the concave 
side. The most crystalline portion of the slabs has tiny, poorly 
crystallized laths of what is probably plagioclase and traces 
of small euhedral olivine. Centres of crystallization with 
polygonal outlines rimed with glassy veins have also developed 
in the less glassy portion of the rock. We think that these slabs 
are fragments of lava tubes which have collapsed after drainage. 
The side of the arched surface shows the occasional occurrence 
of small ridges which are 3 mm high and 3 mm thick. A similar 
structural feature has been found on the internal walls of lava 
tunnels from Mount St Helens in Washington and was attri- 
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Fig. | a, Convex surface of a slab fragment showing glassy 

zones (dark), palagonite, and a thin film of manganese; 

b, concave side of a slab fragment shpwing thin ridges, manganese 

«oating (dark area), sediment (light area), and traces of organisms 

(dark streaks); c, angular fragments o “popping rocks"; some 
show a’ concave breakage surfaee. M 
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Dredge No. 


“CHBI-DRI i CH31-DR1 
» Sample No. 315X ' 315Y 
Si » 49.68 48.74 
14.70 14.57 
1.52 1.86 
10.30 10.55 
8.15 8.16 
11.77 11.70 
2.29 2.15 
0.22 0.23 
1.44 1.43 
PaO; 0.18 0.18 
o PF 110° C 0.07 0.05 
UCOPE 1,050° C 0.58 0.47 
100.89 100.08 
1.92 2.19 
130 . 1.35 
12.10 11.76 
33,04 32.83 

19.81 19.70... 
25.85 2612. 
2.20 2.69 
2.73 2:71 
0.42 0.42 





Analyst: P. Cambon. 


buted to the remains of lava which solidified along the walls 
"during drainage’. 

The exploding rocks found in the same dredge as the lava 
‘tubes jumped approximately 50 to 100 cm while making a loud 
noise similar to that of popping corn. Each pebble shattered 
into at least two pieces having a chonchoidal fracture and con- 
:cave breakage planes (Fig. 1c). The rock fragments are black 
and glassy and contain occasional skeletal olivine ( 0.07 mm 
in length). A grill-like network of what seems to be incipient 
plagioclase needles abounds throughout. Vesicles less than 
_ 1mm in diameter comprise about 377 of the bulk rock. 

-The chemistry of a popping rock (sample 315X) and of a lava 
-tube (sample 315Y) is shown in Table 1. The analysis of the 
Java tube was made on the fresh interior of the slab. Both 
types of rocks are low alumina tholeiites which are over- 
saturated with respect to silica. These rocks have a similar 
composition to other Mid-Atlantic ridge basalts*.*-*. Ignition 
H,0 +CO,) gave values less than 0.7% for both types of rocks 
Table 1). After heating the samples to 110° C only minor 








fable 2 Volume Percentage of Gases of the Popping Rock (DR11- 
1EY] and of a Glassy Margin of a Pillow-lava Fragment from the Rift 
: , Valley at 36° N 





— DRII-315X DR1-112 
6.6 6.5 
38.8 44.0 
16.8 12.6 
10.3 1,7 
0.2 None 
None Trace 
26.7 34.7 
0,2 0.2 
Eth Trace Trace 
<4 Propane 0.2 Trace 
Butane Trace Trace 
. Ethylene Trace Trace 
- Propylene Trace Trace 
coo Butene i Trace Trace 
woo CHa Trace Trace 
L2; Helium None None 
Cup NeBAT 0.1 02 * 
M M—Ó MÀ M— M 


1 ,408 athoms) is a 'tholeiite with a few olivine crystals and with less 

than 104 vesicles (<1-mm in djameter). The HCI in the released 
gases was determined ‘separately, using silver phosphate as a reagent 
and measuring: the smount of silver chloride formed. 


Sample DRI-112, located at 36*.45.65^ N and 33° 16.55’ W (1,337- x 


wnen g ; 
that most of the volatile content Y was concentrated within the.. 
glass and represents the original amount of. volatiles “present. in- 


the lava during extrusion. 


Unfortunately- ‘we did not have to hand an appropriate 


container ín which to bring back some of the popping rocks 
before they exploded; the amount and types of gases released 
during the explosions are thus not precisely known. A labora- 
tory study of an exploded popping rock reveals the presence 
of various gases and the results of the mass spectrometry study 
are shown in Table 2. In order to compare the gas content of 
the popping rock with that of another oceanic basalt which did 
not explode on the ship's deck, analyses of gases were also 
done on some fresh glass representing the chilled margin of a 
tholeiitic pillow-lava fragment (DR1-112) dredged from the 
same general area of the Mid-Atlantic Rift Valley (Table 2). 
To extract gases from the two samples, 10 g of fragments 
varying in weight from 0.3 to 0.6 g were first gradually heated 
in a vacuum to à temperature of 1,000° C and then ground into 
a fine powder ( «0.125 mm in diameter); 10.g of the powder 


:was again gradually heated in a vacuum to 1,000° C to release 


still more gases from the glassy network. Observations made 
during the discharge of the gases are shown in Table 3. Small 
explosions were noted in. both samples although the popping 
rock had a larger temperature range (180 to 400° C) than did 
the glassy margin of the pillow lava (400 to 450° C) (Table 3). 
The total volume of gases evolved from the popping rock 
(DR11-315X) is higher (0.881 mI g-t) than the volume released 
from the glassy margin of the pillow lava (0.734 ml g-*) 
(Table 3). The volume of gas evolved from both tholeiitic glasses 
is four times greater than the gas content of a continental 
obsidian from Lipari which released only 0.281 ml g-* (ref. 7). 

The volume percentage of gases released from the two 
samples is shown in Table 2. Traces of hydrocarbons were 
observed in both samples. The chief differences noted between 
the two samples arein their SO., CO, CO, and, to a lesser extent, 
their H, contents. The popping rock has a considerably higher 
SO, content (10.3%), a higher CO content (16.822), and a 
lower H, (26.7%) and CO, (38.8%) content than does the 
glassy margin of the pillow lava fragment. Interestingly, there 
was no smell of sulphur as the popping rocks exploded during 
3 d on the ship's deck. The lower H, and CO, contents ob- 
served in the laboratory comparison of the popping rock and 
the glassy margin of the pillow lava may indicate, however, 
that the CO, and H, were responsible for the explosion of 
the popping rocks on the ship. 

This latter consideration is valid if we assume that the original 
gas contents of both the popping rocks and the glassy margin 
of the pillow lava, on solidification, were initially the same. The 
popping rocks exploded when gases were released along lines 
of weakness near the surfaces of the fragments. This release 
of gas was probably a result of the sudden change in pressure 
and temperature when the rocks were brought to sea level. 
We believe, however, that the change of ambient pressure 





Table 3 Laboratory Observations During Degassing Procedure on 
Two Rift Valley Samples t from 36° N in the Atlantic Ocean 





DR11-315X DRI- 112 
Coarse Coarse 
fraction Powder fraction Powder 
Temperature at 
the beginning of 
gas release (°C) 217 to 220 25545 260-45 265 +5 
Volume of gas 
released at 0° C ? 
and 760 mm Hg 0.672 0.209 0.587 0.14 
mlg mlg“! mlg^! mlg“: 
: * | Weight loss (22 0.56 — 009 ° 045 0.08 
Approximate 
temperature range * 


of explosion CC) 180to 400 None 


400 to 450 None 













































important factor governing the explosions observed on deck. 

The explosive nature of these glassy basalts suggests an extremely 
recent extrusion of lava and it seems, in fact, that the lava flow 
had not yet had time to come to equilibrium with the pressure 
and temperature conditions of the rift floor. The presence of 
only a few skeletal olivine crystals indicates that the quenching 
temperature of the lava was near to that of olivine crystallization 
which is greater than 1,100° C at 250 to 300 bar. - 

We thank Captain Priser, the chief scientist V. Renard, the 
crew and the scientific party participating in this cruise of the 
RV Jean Charcot. 
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Magnetic Telechemistry of Oceanic 
Crust? 


lr is now established that basalts from Iceland’, the 
Galapagos Islands‘, and other volcanic island and seamount^* 
chains in general, are richer in iron and titanium than normal 
abyssal tholeiites produced by seafloor spreading on the 
Mid-Oceanic Ridge. According to present thought, these 
chains are the volcanic derivatives of mantle plumes over 
which the lithospheric plates make their way'. Schilling? 
recently showed progressive decreases in minor and trace 
element concentrations along the Reykjanes Ridge south- 
west away from Iceland; he interprets this as the result of 
mixing of a plume and a normal, depleted asthenosphere — 
below the spreading axis, as the Icelandic asthenosphere 
travels southwards in a pipe or conduit below the spreading 
axis*. The model has been challenged’, but the geochemical 
variations seem to be characteristic of plumes the world 
over. From an economic point of view, mid-oceanic hydro- 
thermal muds and brines formed near plume centres would 
seem best suited as mineral reserves because of the inherently 
higher concentration of various metals in the upper crust. 
Is there any way to make a rapid assay of the ocean crust 
to identify such regions without tedious dredging and 
chemical analyses? ee 
The answer is yes, in view of the higher Ti and Fe in 
the plume-derived ocean crust. Because oceanic magnetic 
anomalies are essentially the result of thermoremanent e 
magnetisation carried by finely disseminated titanomag- , 
netite", a basalt crust with higher Fe and Ti should have 
Vohigher amplitude magnetic anomalies, other factors being 
equal. This assumes a relatively fixed distribution ratio of 
id. Ti contained in titanomagnetite to that contained i in 
als in which these elements are found. 









: “during: the ;eplicemeot ét the lava flow « on. the floor of the P : 
‘Rift (250 to: 300 bar) to that of sea level (1 bar) is the most 


* gamma, which drop to 500 to 900 gamma on. the. Gorda 


. .peak-to-trough. magnetic anomaly amplitudes" range | 


Fig. 1 Maximum peak-to-trough | magnetic amp! 
lines) and residual basement elevation (heavy lines, i 
North Pacific reference of Sclater e? al.'*), Magnetic 
contours (gamma). based on «maximum. magnetic a 
relief within each 30 mile square, as constructed from. A 
profiles (P. .R. V. and G. L: J., to be published). 26 
basement elevation was obtained by averaging basement « 
in-each 30 nautical mile square, correcting for sediment l 
with the help-of published data'?, and comparing wit 
Pacific crust of; comparable age'®, using R. Heysem 
isochrons. for the Galapagos crust (thesis in prepa 
Dotted Cocos and Carnegie ridges may. be geochemi 
anomalous déspite lack of large amplitudes. Regio 
200. gamma. were formed: by roughly east-west spreading from 
East Pacific Rise. Transition between plume and normal crust- 
occurs between magnetic residual profiles A and B; the 
difference between the amplitudes of these two profiles cannot- 
be explained by the relatively small (200 m) source depth 

“difference. South is on left for profiles. 





At least three: plume areas: support the feasibility of “mag- 
netic telechemisiry": The Juan de Fuca Ridge contains 
one or more plumes, whereas the nearby Gorda Ridge does 
not. Dredge samples from the Juan de Fuca Ridge contain 
an average of 12.5% total Fe as FeO; the nearby Gorda Ridge 
contains only 9. 29; (ref. 11) (Fig. 2), On Iceland FeO reaches 
15% and TiO, 4%, (ref. 1), the latter roughly four times the 
typical oceanic value reached 500 km south-west of Iceland - 
on the Reykjanes Ridge? -Some of the youthful main 
volcanoes of the Galapagos contain 2 to 4% TiO, and total 
Fe as FeQ is TI to 1596 (ref. 4. JOIDES drilling on the 
Carnegie and Cocos aseismic ridges (Fip 1) showed 12.43% | 
Fe,O, and 2.159; TiO, and 12.35% FeO; and 1.50 TiO; 
respectively”... These ridges represent volcanic trails left as |. 
the Cocos and Nazca plates moved over the Galapagos 
plume”, Thus, "pure" plume-derived ocean crust may be 
expected to contain about one-third more iron and several 
times more titanium than normal ocean crust. ; 

Do magnetic anomaly amplitudes on ocean crust near 
plumes reflect a difference of this magnitude? We have 
determined the maximum measured magnetic anomaly relief - 
within each. 30 nautical mile square and contoured: this 
quantity, which will be a rough measure of magnetisation 
intensity, relatively “independent of spreading rate, ‘aft 
differences in water depth and geomagnetic orientation a 
allowed for and if the magnetised layer does not vary in 
thickness. In Fig. 1 we show this together with the base- 
ment elevation anomaly for the Galapagos plume -and nearby: 
spreading axis; detailed analyses are in preparation, but it 
is clear already that a section of the Galapagos spreading 
centre within 500 km of the plfme centre has peak-to-trough 
magnetic anomalies of 1,000 to 1,200 gamma. in the axial 
region and 800 to 1,000 gamma on the flanks; outside th 
region (shaded in Fig. 1), the amplitudes drop to 400 to 600 
amma. Published magnetic data’ show that the Juan de 
Fuca Ridge has seafloor spreading anomalies of 800 to 1,400 








Rfdge south of the Blanco fracture zone" (Fig. 2). 
1,000 km west of a .proposed plume or group. cof plumes 
on the Pacific-Antarctic Ridge south of Tasmaniá” averag 
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4 2. Residual magnetic anomaly profiles across Juan de Fuca 
(a) and Gorda (b) Ridges (lines 8, 18, 34 and 36 of ref. 14, from 
top to bottom) and total iron as FeO from dredge samples of the 
two ridges'!, Dashed vertical lines show mean FeO of 12.6% 
and 9.277. Basement depths, 2.2 to 2.9 km, 2.2 to 3.3 km, 2.5 
to 31:5 km, and.2.5 to 3 km along. the four profiles!* cannot 
account for the differences in magnetic anomaly amplitude 
C. between the Juan de Fuca and the Gorda Ridge. 


00 gamma at the ridge axis to 600 gamma at anomaly 5 
. 3) Further west, south of western Australia, with 
no plume nearby, the corresponding values are only 800 and 
300 gamma. Because the anomalous amplitudes date from 

m.y: BP only, either the plume was less active before 
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Age m.y. 


"Average péak-to-trough amplitudes of key magnetic * 
south of Australia!ó. Triangles show zone A (ref. 16) 
eanic Ridge close to proposed Bhlleny-Tasman plume 
17— Zone C anomalies (circles) are distant 

rs show range of observations. . Oper? 

lies south of. spreading axis, closed. ones 
xr amplitudes on north side of ridge. 
reht asthenospheres? are unevenly 


mply ! l 
e other asymmetry in the magnetisation process ? 


-datą could furthermore test the proposed subaxial condui 
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Fig. 4 La and P,Os concentrations for Reykjanes Ridge and 

Iceland are plotted against TiO; from data of Schilling? to illus- 

trate how, if Ti or Fe content of plume-type ocean crust could 

be estimated from magnetic anomalies, various other elements 

can be estimated also. A more complete list of anomalous 
elements and isotopes is given in ref. 2. 


or the "plume crust" loses its magnetisation more readily. 
Near Iceland the anomaly amplitudes are reduced (in spite 
of higher Fe and Ti“), probably the result of increasing ash 
content and fracturing of the lavas emitted at low hydro- 
static pressures in shallow water (P. R. V. and G. L. J. 
to be published). The Iceland plume js, however, probably 
unique in this respect. 

When attenuation and other known effects are considered, 
the magnetisation of plume-derived ocean crust must be 
50 to 100% higher than that of normal ocean crust nearby. 
This difference is comfortably intermediate between the 
roughly 33% FeO increase and the 100 to 300% TiO, increase 
of plume over normal basalts deduced from geochemical 
measurements. 

Preliminary analysis thus suggests a new application for 
magnetic anomalies, namely as an indicator of crustal geo- 
chemistry. Linear regression of Schilling's? published Sm, 
La, P,O, and K,O against TiO, shows that the concentration 
of these other elements can be nicely predicted once Ti 
(or Fe) is known, and additional anomalous elements (Rb, 
Ba, Cs, U, Th)? and Pb and Sr radiogenic isotopes will no 
doubt follow suit. Figure 4 shows La and P,O, as examples. 

One can make an optimistic analogy with assays of ocean 
water chemistry. Electrical conductivity is measured and 
correlated with chlorinity, which then. specifies many 
common constituents of seawater because they maintain con- 
stant ratios. By the proposed method of "magnetic tele- 
chemistry” one measures magnetic anomalies, which can 
be done by air, and then correlates amplitudes with Fe and 
Ti content of the underlying crust. One could then use 
magnetic anomalies to specify a whole.suite of elements and 
isotopes that vary as Fe and Ti (Fig. 4). Of course, this is 


e only an idea; much more work is required to establish the 


exact relationships: Fortunately the method is relatively 
independent of the mechanism of Fe-Ti enrichment, whether — ~ 
it be Schilling’s? or some other* 7 ^ ^ 
Clearly the anomaly amplitudes could also reveal the... 
extent of past plume influence on the ocean crust. Such 













ü convection for the áccmelpus crust t would then exist on 
= only the' plume side of a major transform. Convection at 
_ shallow depths below the Mid-Oceanic Ridge would be 
seriously impeded or arrested by the thick plate on the 


opposite side of the transform fault". Possible effects of this 
kind are the termination of the Juan de Fuca region of high 
amplitudes against the Blanco fracture zone", and the 
termination of the Galapagos high amplitude region against 
the Equador fracture zone. Finally, the observation that 
two nearby spreading centres can generate magnetic ampli- 
tudes different by a factor of two or three suggests that 
some "magnetic smooth zones" may simply reflect low Ti 
and Fe concentrations. 

Since the Mid-Oceanic Ridge is elevated near plumes, one 
might try to correlate the topographic anomaly with the 
geochemical and magnetic amplitude anomalies (P. R. V. 
and G. L. J., to be published). In the Galapagos and other 
plume areas, any such relationship yill be complicated by 
the presence of aseismic, volcanic ridges which represent 
large topographic residuals (+1,000 to 2,000 m for the 
Carnegie and Cocos Ridges in Fig. 1) but tend to be magnetic- 
ally quiet, possibly because magnetised layers of opposite 
polarity are superimposed, and because of non-magnetic 
tephra layers. In spite of these complications, it is clear 
that the Galapagos spreading axis itself rises to more than 
1,000 m above the North Pacific standard", and that the 
region of anomalous magnetic amplitudes is centred on the 
topographic anomaly of the spreading axis (near 90° W in 
Fig. 1), 

Richard Hey’s (Princeton University) contributions 
toward unravelling the spreading history of the Galapagos 
Ridge were valuable; thanks also to N. Hunt (Naval Oceano- 
graphic Office). The research was partially supported by 
the Office of Naval Research. 


US Naval Oceanographic Office, 
Washington, DC 20333 
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Burning Waste Gas i in Oil Fields 


I was recently amazed by some night-time spacecraft photo- 
graphs, exemplified by Fig. 1, that present graphic evidence 
of waste and pollution. These were obtained by the United 
States Air Force DAPP system which has sensors in the visible 
0.4 to 1.1 um band and an infrared imaging system in.the 8 to 
13 um band (ref. | and J. L. McLucas, personal communication 
The visible band sensor is capable of responding to. ve 
dim light with a controllable threshold (T. O. Haig; person: 
communication) and it provided these pictures. Thel 
cities are clearly visible, as are the aurora, surface 
illuminated by moonlight, and fires such. as those « 
burning gas from oil fields and refineries. Much pi 
evidently being generated to light the cities of the world sinc 
the inhabited areas are clearly outlined. It is also apparet 
that, in the process of extracting liquid petroleum from beneat 
the surface of the Earth, an abundant gas supply has bee 
discovered but is not used. Being unable to contain the ga 
or to transport it to a user, it is simply burnt. 

Apparently, the burning of gases has been a standard pr; 
since the earliest days of the oil industry. 1 witnessed it whe: 
was employed in the oil fields of Montana in 1953. Earl 
in April 1933, aviators travelling by way.of North Af 
their way to fly over Mount Everest, described “Abadan 
its dozens of oil tanks, refining plant and the huge. fla 
which marks the burning of waste gases"?. A spectacular | 
photograph: of one such flame can be found in a recent issue. of 
the National Geographic Magazine?. 

] presume that individual oil companies have weighed up 
the cost of research into ways. of using this gas and the saving. 
that would be likely if an- economical answer were found. 
Perhaps the problem is of such magnitude that it should be 
financed by government agencies in the interest of avoiding 
pollution and conserving resources, 

The solution may lie in new technology such as that based- 
on hydrogen as an intermediate energy storage agent^ 5. 
Perhaps the answer is a transport method or even a relocation: 
of large energy users to the vicinity of waste gas sources. 
If relocation is to be considered, Fig. 1 (and other DAPP 
pictures) illustrate the grouping of gas sources that would: 
provide the economic motivation. I am told that the most. 
visible concentration of gas fires is near the Persian. Gulf; 
off the right edge of Fig. KT. O.Haig, personal communication) 
the largest groups shown in the figure are, in order of siz 
Algeria, Libya, Nigeria and at the Gulf of Suez: Nümerou 
gas fires appear to be located east of Kazan, USSR, ar 
others may lie between Kiyev and Kharkov. There are mar ii 
bright spots accompanied by streaks indicating an overloaded | 
DAPP sensor; each is located in a region known to yield | 
petroleum and from this I infer that gas flames are the most 
powerful light sources in the 0.4 to 1.1 um band. 

Aside from the cities and fires, an irregular array of. lights ; 
extends across Africa from about 4° to 12° N. This pattern 
is not similar to the patterns of population density or poli 
units; it follows the belt of savannah (grass and scrub) boun 
on the north by steppe and on the south by tropical rain fo: 

I surmise that these lights are caused by agricultural burnin; 
to clear land for cultivation. In a similar climate near Darjeel 
ing at the boundary of jungle, Hooker’ observed (in. 1846 
that such "fires, invisible by day, are seen raging all around . 

at night (when) we were literalty surrounded by them; som 
smouldering, ... Others fitfully bursting forth, whilst ‘other 
again stalked along with a steadily increasing and enlargi 

flame . . ." This observation, although remote fror 
African savannah, lends some support to the: hypot 
that the belt of lights results from traditional fire cle: 

operations by man. The vast pollytion caused by this pr 
is «well known to Himalayan travellers who must hope for 
rainstorm so that they can see the mountains. : t 

Some African cities can be located among the belt of lights 
in Fig. 1; these appear as clusters of small lights. without the | 
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solid nucleus characteristic of cities to the north. I am told 
that some of these are cooking fires (T. O. Haig, personal 
communication) visible because the sensor at 1.1 pm is com- 
paratively more sensitive to fire than is the eye. Further 
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Fig. 1 The Earth at niglt as seen in the 0.4 to 1.1 jum band. 
This view extends from the equator to 65° north, and the left 
edge is roughly 5* east. 
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analysis of these exceptionally informative DAPP photographs 
will provide us with a better understanding of the worldwide 
combustion of resources. 


THOMAS A. CROFT 


Center for Radar Astronomy, 
Stanford University, 
Stanford, California 94305 
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BIOLOGICAL SCIENCES 


Changes in Protein Synthesis in the 
Morphogenesis of Fundulus heteroclitus 


IN the deuterostomes, RNA previously synthesized in the 
oocyte or on maternal genetic templates is required for develop- 
ment of the embryo through the blastula'?, In sea urchin?, 
amphibian*'5 and fish$-* zygotes early and continuous exposure 
to actinomycin D resulted in blastula arrest. Removal of the 
drug before the third cleavage in the sea urchin allowed normal 
development through gastrulation? although in the fish, in 
spite of a similar removal, gastrulation is abnormal and 
surviving embryos are defective. Further development awaits a 
switch to the immediacy of nucleus-directed RNA synthesis. 
Information necessary for gastrulation is synthesized during 
cleavage stages and appears to be stored Before it is utilized?! 

Interruption of either RNA or protein synthesis within 
minutes after fertilization in zygotes of Fundulus heteroclitus 
(a teleost) affects morphogenetic processes which occur at 
least 3 d later in embryogenesis®:”:'*. Macromolecular bio- 
synthesis can be suppressed by pulses of either actinomycin D 
or pactamycin. These drugs can easily be washed out of the 
embryo with complete removal of the block to either RNA or 
protein synthesis. The treatment and its relief cause no defects 
in later rates of RNA and protein synthesis or of oxidative 
respiration*?:!?, Permanent abnormalities found in embryos 
subjected to such treatment demonstrate that information for 
the formation and confirmation of the antero-posterior axis is 
fabricated within 1 or 2 h of fertilization and within the one- 
celled zygote. We have examined the changes in protein syn- 
thetic patterns in normal and actinomycin D-treated Fundulus 
embryos in relation to morphological defects. 

Large batches of eggs with a fertilization rate of 95% were 
washed carefully. Actinomycin D (20 ug ml~') was immediately 
added (fertilization +0 min) for a duration of 1 or 2 h 
and was removed completely by repeated washes. Controls 
received no actinomycin D but were otherwise treated identi- 
cally. Development of both actinomycin D-treated and control 
embryos is normal until the high blastula, Oppenheimer stage 
10 (ref. 13). Thereafter, the controls continue normally with 
regular cell migration and epiboly as the blastoderm begins to 
cover the yolk. This period is immediately followed by the 
appearance of the antero-posterior body axis signifying the 
completion of the events of gastrulation. The undisturbed 
result is a normal embryo (Fig. 1a).' 

The actinomycin D-treated embryos demonstrate a well 
documented series of abnormalities following stage 10 (refs 6 
and 7). The cells of the blastodisk lose their smooth regular 
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HP-33 the ordinary 

À 'four-function’ 

pocket calculators 
you ve seen up to now 

seem as primitive as 
the tallystick. For, as well as simple arith- 
metic, this incredible miniature scientific 
brain tackles logs, trig, roots, exponents 
and other complex functions to ten 
significant figures in milliseconds. 


* Many functions: many uses 


Whatever your field, the impact of the 

314" x534" HP-35 is shattering. Suddenly 
you find yourself able to solve complex 
problems with a fraction of the trouble in a 
fraction of the time. 

When you like. Where you like. For HP-35 
operates directly from ac mains supply or 
from its own rechargeable internal batteries. 
With little note-taking HP-35 has 5 data 
registers; it can store sub-totals and 
constants and automatically recall them 
when wanted. 
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HP-35 operates over a range of 200 decades 
(71079? to 1099) — automatically keeps track 
of the decimal point. Shows answers in fixed 
or floating point on an ultra-reliable LED 
display. 


** Ready for use: low cost 


HP-35 comes to you complete with battery- 
charger, travel and carrying cases and 46 
page operating manual. It is backed by a 
no-quibble warranty for a full year. Yet at 
£158.50* its cost is astonishingly low for an 
instrument that will soon become indispen- 
sable both in your profession and in your 
private life. You can use it to calculate the 
best course to fly or sail,even to check tax 
assessments, yields on stocks and shares, 
etc. Although for this work, the HP-80 — 

an equally incredible financial brain — 
might also interest you. 


*K 10 days trial: £10 saving 


Join the over 75,000 delighted owners 
already saving time, trouble and money 
with HP-35. Cut out and return the order 
form with purchase order for £158.50 — 

or cheque which secures cash discount of 
£10. If not completely satisfied, return 
HP-35 within ten days. Money refunded or 
order cancelled w ithout question. 


Prices include 10% VAT 


Hewlett-Packard Ltd., Dept. RV, 224 Bath Road, Slough, Bucks. SL1 4DS. Tel: Slough 33341 
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To: Hewlett-Packard Ltd., 
Dept. RV ,224 Bath Road, 
Slough, Bucks.SL1 4DS. 


Send by recorded delivery the HP-35 
complete with accessories n £158.50 

£148,50 if cheque enclosed), ir icluding all 
taxes, shipping and handl tog’ Lo arges. If 
not completely satisfied, I may return 
unit and accessories within 10 days for 
complete refund. 


[] 
[] 


Name 


Tick one payment option belou 

Bill my company £158.50 
Purchase order is enclosed. 

TO SAVE £10, cheque enclosed 
for £148.50 (which allows for cash 
discount) 


Position 
Company Institution 


Address® 


Bank 


Acct. No. ..e 


Regd. office 70F 
Reg. No. 690597 


inibury Pavement, London EC2A FX 
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om C ET inT Li. 
zooms into close-up 


Dramatically, stereoscopically, the 
moving eye of Britain's newest roving 
ambassador picks out its subject and 
zooms into close-up. The Agricultural 
Research Laboratory of the Government 
of Israel is one of the world's first 
customers for the latest Stereoscan from 
Cambridge. Stereoscan 180 is the world's 
first fully integrated scanning electron 
microscope. And one of its features is twin 
imaging: complete context and finest 
detail side byside forsimultaneous viewing. 

So you can ‘zoom’ into close-up on 
any area of a specimen. Then you can 
present your image instantly in so many 
modes: Y-modulated, contour mapped, 
expanded contrast, absorbed current, 
secondary electron image, backscattered, 
selected area diffraction, grey levels, 
differentiated, voltage contrast... 

180 extends your imaging with built-in, 
instantly available facilities- 
not with expensive add-on options. 

When the Stereoscan 180 is flown toa 
Cambridge customer anywhere in the 
world it’s complete. In fact, it’s the most 
complete SEM anywhere in the world. 
What other scanning electron microscope 
integrates all these features as standard? 





@ 1-60kV operation -continuously 
variable, continuously compensated 
€ Magnification does not vary with kV 
or working distance 
€ Variable height anode 
€ Unequalled range of chamber options 
€ Three independent lenses 
€ Separate chamber and column pumping 
9 Built-in signal selection and processing 
€ Twin visual display channels 
@ Six channel signal input 


Cambridge Scientific Instruments Limited 


| 4 the Chesterton Road 
GEORGE KENT Cambridge England CB4 3AW 
group Telephone (0223) 61199 Telex 81162 
iu Stereoscani80 
from Cambridge 
EE L0 
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Please send me full details of 
Stereoscan 180, your scan in Tel Aviv. 


Name 
Position 
Company . 


Address 

Post to 

Cambridge Scientific Instruments Ltd., 
Chesterton Road Cambridge 

England CB4 3AW. 

Telephone (0223) 61199. Telex 81162. 
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ABSTRACTS Y 
ON HEALTH EF- 
FECTS OF EN- V 
VIRONMENTAL 
POLLUTANTS will be a 
welcome resource to scien- 

tists throughout the world. This new 

monthly abstract journal created 

by BioSciences Information Serv- 
ice fills the critical needs of scien- 
lists today for current information 
on environmental pollution. 

The reference material in- 
cludes: 

. 1. Chemicals or substances in 
the environment with empha- 
sis on their effects on human 
health. 

2. General reviews and original 
papers reporting potentially 
harmful effects of pollutants 
on humans: 

3. Studies of lower vertebrates 
used as indicators of the sub- 
stances toxic to màn; and 
vertebrates and invertebrates 
as. vectors in the food chain. 

4. Reports of analytical methods 
for examining biological tis- 
sues or fluids. 













ON HEALTH EF- 
FECTSOFEN- 
VIRONMENTAL 
POLLUTANTS, sup- 
ported by two machine- 
readable data basés, is comprised 
of selected. material from BIOSIS 
and MEDLARS. Each issue con- 
tains bibliographic information on 
about 1,000 research artícles and 
includes Author, Subject, and 
CROSS Indexes in format similar 
to that used in BIOLOGICAL AB- 
STRACTS and BIORESEARCH 
INDEX. 

An annual subscription of 
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Fig. 1 Non-axiate embryo from treatment with actinomycin D 
and its control Fundulus heteroclitus (Linn.) was obtained in large 
numbers during the breeding season, June and July, in estuarine 
waters (Frenchman Bay, Maine). Eggs were stripped from ripe 
females into 50% sterile *Millipore"-filtered (pore size 0.45 jum) 
seawater containing $00 U penicillin and 50 jg streptomycin 
ml-'. Adequate sperm from sexually mature males was added 
for 1 min, when aliquots of zygotes were washed in and then 
placed in 50% seawater containing actinomycin D (20 ug ml-', 
a gift of Merck and Co.). This concentration of actinomycin 
has been established by previous dose response curves and blocks 
approximately 50% of the total RNA synthesized*7, At the end 
of 1 h the zygotes were thoroughly washed and actinomycin D 
was completely removed from zygotes as established previously 
by stoichiometric measurements®. Embryos continued to be 
incubated in sterile 50% seawater at 16° C. This medium was 
changed daily. Development of both control (a) and actinomycin 
D-treated (b) zygotes was observed until late stages were 
reached. a, Normal control of the same stage of development. 
b, "Spherical tissue culture" or non-axiate embryo from 
experimental series. 


relationships and migrate in cords and streams over the yolk. 
The periblast is equally disturbed. This results in a rough 
irregular blanket of cells covering the yolk as a "spherical 
tissue culture” (Fig. 15) within which at a much later time there 
is some cellular differentiation (but not organ or organismic 
differentiation). Of first importance for our studies, only 
595 of the treated embryos developed crude approximations 
of an axis after the short pulse with actinomycin D (Figs 1 
and 2). Although there is an increased mortality with time, 
some of the non-axiate embryos survive until hatching of éhe 
fry, a period of 40 + 2d at 18°C. 

To study changes in protein synthesis patterns in morpho- 


genesis, radioactively labelled proteins were isolated from , 


control and actinomycin D-treated embryos for glectrophoresis 
on sodium dodecyl sulphate, 10?; polyacrylamide gels. Since? 
the morphogenetic defects in the experimental animals were 
known to be failures in normal gastrulation and in the forma- 
tion of the antero-posterior body axis, it was anticipated that 
the banding patterns of the bulk proteins of actinomycin 
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Fig. 2 Bar graph of results in morphogenesis of Fundulus 
heteroclitus zygotes treated with actinomycin D as described in 
Fig. 1. Development of the embryos (2,000) was characterized 
as (1) normal development, (2) minor anomalies (severe micro- 
cephalics), (3) major anomalies affecting axiation (no detectable 
axis) and (4) mortality (accumulated deaths during 20 d). 


D-treated embryos collected at intervals after stage 10 (high 
blastula) would be similar to those of the normal (stage 10) 
controls. All bulk protein fractions from both experimental 
and control zygotes at stages 10, 15 (very early axis) and 19 
(well established body axis) were, however, essentially identical. 
A representative gel is shown in Fig. 3. The acrylamide gel 
profiles of proteins in sea urchin embryos have also shown 
that bulk protein patterns are remarkably identical'*:'* even 
though there is also demonstrable, new, specific protein 
synthesis'®. While the incorporation of exogenous labelled 
amino acid into protein is very low during cleavage stages in 
Fundulus embryos, increases in incorporation following the 
blastula stage permit fractionation of synthesized proteins. 
Figures 3 and 4 show profiles of radioactive supernatant pro- 
teins. The sharp peak in all the profiles between fractions 0-10 
has been identified, in part, as ! *C-valine charged tRNA which 
runs with supernatant proteins and disappears after either hot 
trichloroacetic acid extraction or treatment with alkali. This 
treatment does not destroy any other radioactive peak. Experi- 
ments were compared by using this peak as a match-point 
and by slicing gels according to their stained band pattern. 

Comparison of synthesized proteins from the normal 
developmental series, for example, high blastula (stage 10, 
Fig. 3a), gastrulation (stages 12-15, Fig. 35) and early axiation 
(stages 16-19, Fig. 3c), showed a progressive increase in 
heavier single polypeptide chain synthesis. Principally in 
normal embryos of stages 15 and 19, newly synthesized poly- 
peptide peaks (shaded regions) fere detected between fractions 
35-40 and 50-55, having an apparent molecular weight of 
75,000 and 110,000 respectively. Proteins of lower molecular 
weight (10,000 to 50,000) such as are found in the high blastula 
fstage ,10) apparently continue to be synthesized in later 
embryonic stages. The increased synthesis and diversity of 
heavier proteins with time in embryonic development are in 
agreement with studies using ,other embryos'*!7:!5, When 
protein synthesized from either stage 15 or 19 control embryos 
was compared with actinomycin D-treated embryos tof identical 
age, a shift in synthesis of higher molecular weight poly- 
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eptides was observed in the control embryos (Fig. 4a, b). 
d e older actinomycin D-treated embryonic protein 
(Fig. 4a, b) resembles very closely those of the younger 
mal high blastula (Fig. 3e). At these stages, control 










"gas jon and entering the morphogenetic steps in the 
development of the body axis, while the actinomycin D-treated 
are undergoing a form of cell movement at random on 
face of the yolk, with no normal morphogenetic poten- 
al. It seems clear that the morphogenetic processes of gastrula- 
tion and early axiation are associated with a broad area of 
new protein syntheses in the higher molecular weight range. 
 Antero-posterior axis formation is essential in normal 
morphogenesis and requires the coordination of' manifold 
movements, positional interrelations and behavioural changes 
in the participating cells. Under appropriate conditions of 
inhibition of macromolecular syntheses, a serial order of 
defects of morphogenesis can be predicted which will reflect 
‘failure or partial failure of chemical processes essential to a 
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Fig. 4 Comparison of proteins synthesized in actinomycin D- 
treated. and control embryos. Fertilized eggs which were 
treated with actinomycin D as in Fig. 1 but with a pulse length 
of 2 h were labelled for 8 h with !*C-valine between stages 12 
and 15 (a) and between stages 16 and 19 (6). Both actinomycin 
D-treated and control embryos were collected separately and 
supernatant proteins were separated on SDS 10% polyacryl- 
amide gels as in Fig. 3. Actinomycin D-treated (©) and control 
embryos (6) were compared at the end of stage. 15 (a) and 
stage 19 (b). The shaded area indicates new proteins. 
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Fig. 3 Polyacrylamide gel electrophoresis of. proteins synthe- 
sized in the Fundulus embryo. Embryos (1,000 per stage) which 
had reached (a) the high blastula (stage. 10) (5) early gastrula 
(stage 12) and (c) early axiate (stage. 16) were labelled with 
i4C.valine (1 pCi ml-t, 35 mCi mmol-!) for. 8h. Labelled 
Fundulus embryos were homogenized in a ‘Teflon’ and glass 
Potter-Elvehjem tissue homogenizer in 0.25 M sucrose and 
0.01 M Tris, pH 7.6, and centrifuged at 105,000g for 90 min. 
The supernatant proteins were placed in 0.1% sodium dodecyl 
sulphate, 0.01% fl-mercaptoethanol, 0.01 M Tris, pH 7.0 (SDS 
buffer), heated ina boiling water bath and then dialysed overnight 
against the same buffer. In some cases the supernatant was 
made pH 11 with 0.1 N NaOH and heated for 15 min at 37^ C 
and then dialysed against SDS buffer.’ Approximately 150 ug 
of proteins estimated by the Lowry technique’? in 150 pl of 
SDS buffer containing 10°% sucrose and 0.001% bromphenol 
E blue was overlaid on 10% polyacrylamide gels, polymerized in 
* *glass tubes (10 cm long by 6 mm. wide) made according to 
Laemmli??). The gels were run at 3 mA per gel for.6 h at room 
temperature. Protein bands were fixed in 50% trichloroacetic 
acid, stained with 0.002% Coomassie blue and destained in 
15% acetic acid. A representative geleis.shown above. Mole- 
cular weights of proteins were determined according to Weber 
and Osborn?!;. The radioactive profiles were resolved by cutting- 
gels and collecting approximately 1 mm of gel per scintillation =- 
vial. The slices of gel were dissolved in 300 ul of 30% hydrogen 
peroxide at 55° C for 2h. The solution was counted in a Bray's- 
type scintillant with a counting efficiency for ‘*C of 50%. . The: 


i shaded area indicates new proteins. | 








- development decreases: ??,- erie with pactamycin!? 
has led to similar results in ‘terms of inhibition of translation 
although some of the effects are more immediate, while 
ethidium bromide has no effect on morphogenesis (unpublished 
results of R. Crawford). Early cytoplasmic proteins not 
£iven the correct opportunity to be synthesized before the 
first cleavage may place certain following protein syntheses 
out of their proper sequence. A serial order of RNA synthesis 
and translation of the product shortly after fertilization and 
well within the one cell stage appears to be essential in the 
regulation: of post-blastula morphogenesis in Fundulus. 
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Cationic Leukocyte Antigen in Urine 
of Patients with Chronic Myelocytic . 
Leukaemia e 


* 


cytoplasmic granules of both animal! and human? leuko- 






antibacterial activity. Eight or nine such components of 


; contain several basic proteins, some of which show.. 


human leukaemic myeloid cells.can be separated .— 


by acrylamide gel electrophoresis! one of these is lysozyme 
(muramidase). "We have reported? large quantities of lyso- 
zyme to be the major cationic protein in the urine of five out. 
of seven cases of chronic myelocytic leukaemia. The specific. 
proteinuria occurred when induction of remission was 
achieved after X irradiation directed against the enlarged 
spleen. 
We here report the presence of a second basic protein in 
leukaemic urine that does not cross react antigenically with 
human lysozyme. This cationic protein has a different 
electrophoretic mobility from lysozyme, RNase and DNase 
Its molecular weight is 23,000 as determined by two-dimen 
sional SDS polyacrylamide gel electrophoresis**, It was f 
to be present in two out of seven cases of chronic: myelocytic 
leukaemia following drug or X-ray therapy, but absent (or 
present in only negligible amounts) in sixteen cases of acute 
monocytic leukaemia and three cases of acute myelogenous 
leukaemia. i 
The protein could be identified also in leukocyte lysates 
from chronic myelocytic leukaemics using specific antisera. 
The protein will therefore be referred to as cationic lenkocyt 
antigen (CLA). ; 





Fig. 1 Electrophoresis in 5% polyacrylamide gel of lysozyme 
(LZM), cationic leukocyte antigen (CLA), and post y-globulin,’ 
The gel and electrode buffer was 0.06 M ammonium bicarbonate, 
pH 82. Channels contain, a, purified LZM from urine of a 
monocytic leukaemic; b, bentonite preparation from urine of a. 
muon myelocytic leukaemic consisting of 80% CLA and. 
% LZM; c, isolated and purified CLA; d, mixture of LEM 
and post y-globulin. : 


Twenty-four-hour samples of urine were collected and the 
lysozyme activity was estimated by the method of Osserma 
and Lawlor’. In case of increased urinary lysozyme activity 
during X-ray therapy (or cytostatic therapy with mercapto- 
purine (Purinethol) in blasticgcrises) cationic proteins: were 
isolated from the urine by the bentonite adsorption an 
elution method’. The isolation procedure was repeated 
weekly intervals. Seven out of twelve cases of chronic nr 
eytic leukaemia had lysozymuria following X-ray oi 
treatment. In two cases CLA was the only cationic "con 
stituent besides lysbzyme demonstrated by polyacry: 
ggl electrophoresis of the bentortite preparation (Fig. 

A change in the ratio of lysozyme to CLA during the c rse 
of the disease was setn in one case in whieh the patient w 
tested for a year. An increase from 4495 to 5195 ws 
observed for CLA after X-ray therapy. An increase to over 














een whet Purinethol was administered. With pro- 

nged remission the CLA level was markedly reduced. The 
urinary output of CLA was between 17 and 235 mg d^ 

| may thus serve as an invaluable indicator of the t 



















certain kinds of leukaemias (G. L., F. W. T, 
M. M. T., in preparation) 
ature of cationic leukocyte antigen is unclear. Its 


retic mobility in two-dimensional SDS gels indicates 
-a higher molecular weight than lysozyme. Using 
a coli ribosomal proteins of known molecular 
nging from 9,600 to 65,000 to calibrate the gels’, we 
i that ‘the apparent molecular bud of CLA is about 


: Fig. 2 Immunoelectrophoretic characterisation of human 
 deinzyme {LZM) and cationic leukocyte antigen (C LA) Note 
the absence of antigenic cross reaction with antiserum to 
: tionic leukocyte antigen. The electrophoretic mobilities of 
LZM and CLA are indicated by arrows. 


LA was isolated from the urine by elution from 5% 
| polyacrylamide gels (F. W. T, G. L, W. W., G. W. T, 
M. M. T, and R. Böhm, in preparation). Antisera were 
» ared by immunising five rabbits with purified CLA using 
Freund's complete adjuvant. The serum of two rabbits con- 
tained. antibodies with specificity for CLA. These antisera 
precipitated only CLA in immunoelectrophoresis (Fig. 2) and 
uchterlony double diffusion experiments as demonstrated 
testing with known cationic urinary proteins such as 
sozyme and post y-globulin, and whole normal urine and 
, RNase and DNase gave a negative precipitation 
reaction. Precipitation-inhibition analysis" also failed to 
demonstrate any cross reaction, The CLA- specific antisera 
di mot inhibit the lytic activity of lysozyme, in contrast to 
i so. /me-specific antiserum which inhibited lysozyme 
| Purified CLA did not exhibit lytic activity towards 
é zyme substrate, Micrococcus lysodeikticus. Tryptic 
ptide fingerprint patterns of totally reduced and alkylated 
A were strikingly different from those of human 
lysozyme". 
|. As renal function was normal in the two patients, the large 
: quantities of CLA in the urine of these patients probably 
esent a simple thresholdgphenomenon and are not due 
jal tubular dysfunction. Increased elaboration of CLA 
tients with chronic myelocytic leukaemia may result 
n the increased lysosomal breakdown induced by X 
i diation and the cytostatic therapy of the granulocytig 
' cells and their precursors. Patients with chronic myélocytic 
leukaemia may serve as an invaluable soürce of homogeneous 
rot ns for studies designed to elucidate the structure, func- 
n and genetic control of the cationic proteins of human 
ae 
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Bacteria Swim by Rotating their 
Flagellar Filaments 


Ir is widely agreed that bacteria swim by moving their 
flagella, but how this motion is generated remains obscure". 
A flagellum has a helical filament, a proximal hook, and 
components at its base associated with the cell wall and the 
cytoplasmic membrane. If there are several flagella per cell, 
the filaments tend to form bundles and to move in unison. 
When viewed by high-speed cinematography, the bundles 
show a screw-like motion. It is commonly believed that 
each filament propagates a helical wave*. We will show here 
that existing evidence favours a model in which each filament 
rotates. 

The idea that the flagellar filaments might rotate relative 
to the cell body as rigid or semi-rigid helices has appeared 
intermittently in the literature, but a convincing case for 
such a model has not been made. Rigid rotation was noted 
as a possibility by Stocker in 1956*. Doetsch argued for it in 
196655, but he abandoned the idea in 19697? in favour of 
one in which the flagella *wobble" and only appear to rotate. 
Recently, Mussill and Jarosch? photographed preparations of 
Spirillum volutans squeezed between slides in which the 
flagellar bundles remain “motionless” while the wave move- 
ment appears in the cell body. They conclude that "the body 
must rotate around the point of insertion of the flagellar 
bundle". Rotation of this kind is assumed in a hydro- 
fnéchanical analysis of Spirillum by Chwang et al’, Since 
the flagellar filaments of Spirillum atise separately", an 
alternative possibility is that each filament rotatesindividually. 

* This alternative, which we favour, makes sense for peritri- 

e echously flageflated bacteria as well The fiagellar bundles 

of these cells cannot rotate as a unit, because their filaments 
arise at widely distant points on the surface of the cell. 

It is possible to envisage à biological rotary motor consist- 
ent with electron micrographs of structures at the base 
flagellum. In their model of the basal end of a flag 
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extracted from Escherichia coli, DePamphilis and Adler" 
show a rod extending from the end of the proximal hook 
and enclosed by rings of diameter 225 nm Suppose that 
the ring associated with the cytoplasmic membrane, the M 
ring”, 1s rigidly coupled to the rod yet free to rotate in the 
membrane, and that the rod 1s able to rotate freely within 
the other components through which it passes Rotation of 
the flagellum would then be possible if the periphery of the 
M ring was hnked to the cell wall by cross bridges of the 
kind found in skeletal muscle 

Such a rotary motor would be capable of delivering the 
power required to drive a flagellum Coakley and Holwill? 
estimate the power dissipation of an isolated filament running 
at 50 Hz to be about 4X 107? erg s™ If the cross bridges 
step along the periphery of the M ring with a step length of 
8 nm (ref 14), the ring will rotate once about every nine steps, 
and the filament can be driven at 50 Hz if each cross bridge 
steps at a rate of about 450 s~}, which 1s a reasonable figure” 
Huxley and Simmons" judge the external work which can 
be done per cycle of attachment and,detachment of a cross 
bridge to be about 3X10-7? erg Therefore, three cross 
bridges stepping at the above rate can generate the necessary 
power If there are three cross bridges, the average force 
which each must exert 1s about 3 8X 107? dyne, a value only 
slightly larger than the isometric force exerted by a cross 
bridge in the experiments of Huxley and Simmons“ There 
1s room for five cross bridges along the periphery of the M 
ring, if their spacing 1s similar to that ın skeletal muscle” 











Fig 1 A schematic cross-sectional view of a bundle of three 
flagellar filaments rotating individually (a) or propagating 
helical waves (b) at two successive instants of time The section 
1s 1n a plane normal to the helical axes (+), and the motion 1s ın 
the frame of reference of the body of the cell Each filament is 
marked at a fixed point In (a) the filaments rotate relative to 
one another, in (b) they do not The thrusts generated are the 
same 


Although cross bridges of the kind found in skeletal muscle 
have not been seen at the basal end of a flagellum, they may 
have been washed away in the procedure of DePamphilis 
and Adler or obscured in thin-sectioned material by com- 
ponents of the cell wall Of course, the construction of the 
motor may be entirely different We have made the above 
calculations only to demonstrate the plausibility of a bio- 
logical rotary motor Indeed, there appears to be as much, 
if not more, structural evidence for this model than for one 
in which the flagellar filaments propagate helical waves, 
especially if the energy for the external work which each 
element of the filament must do 1s provided by a drivmg 
mechanism at the base?!" 

The model 1n which the filaments rotate individually may 


not be argued against on the basis of the greater power e 
required to rotate a helical filament than ta propagate a "E 


helical wave Coakley and Holwill? find that most of the 
power disspation is due to the lateral displacement of the 
fluid, which is the same in both models For an isolated 
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filament the power dissipation for rotation 1s only 05% 
larger than the power dissipation for wave propagation , for 
a bundle of 200 filaments separated by aqueous fluid of 
mean thickness equal to the filament radius, the figure is 
50% The latter increase ın dissipation may be unrealistic- 
ally large, since there ıs no reason a pitoi: to suppose that 
the filament-to-filament separation 1s as small as the filament 
radius Nevertheless, the dissipation per filament for the 
bundle is relatively small, because the filaments work together 
in displacing the fluid laterally For the bundle of 200 
filaments rotating individually and in phase, it 1s only 15% 
of the dissipation for the isolated filament"? 

One cannot distinguish the various models by the fact that 
the body of a freely swimming cell rotates about an axis 
parallel to the direction of motion in a sense opposite to the 
rotation (or the apparent rotation) of the flagellar bundle 
As discussed by Taylor, the torque responsible for the 
rotation of the body is generated, in the main, by the lateral 
displacements This effect is an essential component in 
more recent theories!?/9 ? 

One can, however, distinguish the models by experiments 
sensitive to the rotation of filaments relative to one another 
This occurs when the filaments rotate individually (Fig 1) 
but not when they propagate helical waves, "wobble"", or 
rotate as a group? If the filaments rotate individually and 
two are linked together, it 1s likely that the entire bundle 
will stop The linked filaments will stop, because they can 
no longer rotate relative to one another, the others will 
stop, because their lateral motion will be blocked by the 
first two 

Cross-linking experiments have been done, and the results 
clearly favour individual rotation Greenbury and Moore? 
find that the peritrichous bacterium Salmonella typhimurium 
remains motile when as many as 10° umvalent flagellar anti- 
bodies are adsorbed per cell, a mass of antibody four times 
that of the mass of the flagella About half of the cells are 
immobilized when about 200 bivalent antibodies are adsorbed 
per cell They conclude that the bivalent antibody acts by 
linking the filaments together An alternative interpretation 
1s that flagellin molecules loaded with univalent antibodies 
still function, but molecules in the same filament cross linked 
together do not This possibility is eliminated in an experi- 
ment by DiPierro and Doetsch”, who compare the effect of 
univalent and brvalent flagellar antibodies on E coli, 
which 1s peritrichous, and on Pseudomonas fluorescens, 
which has only one filament In the presence of univalent 
flagellar antibodies both kinds of bacteria remain motile In 
the presence of bivalent antibodies Æ coli stops, but 
P fluorescens remains motile until the cells are linked 
together "Very few non-motile single cells were observed 1n 
the Pseudomonas culture being immobilized, whereas with 
the Escherichia culture, large numbers of single non-motile 
organisms were observed, and in both cases this condition 
existed before the appearance of microscopically visible 
clumps’? 

Results of experiments with bacteriophages that attack 
flagella provide additional evidence for the individual rota- 
tion model Meynell notes that rapidly swimming 
Salmonella abortus-equi stop abruptly on swimming into a 
drop of'x phage at high titre, even after the phage has been 
inactivated by radiation or over-centrifugation The adsorp- 
tion of the phage did not cause any morphological changes in 
the flagella, as far as could be seen by electron microscopy. 
Raimondo et al. conclude thift the adsorption of one PBSI 
phage to one flagellum of Bacillus subtilis 1s sufficient to 
render the entire complement of flagella non-functional They 
obtain the same results with phage ghosts treated with 
DNase, and conclude that “the functioning of all the flagella 
of B subtilis ıs under the control of one 'motor'" These 
results can be explained if the filaments rotate If the tail 
fibres of PBSi wrap tightly enough around even a single 
filament, the bundle will jam, since the protruding body of 
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the phage will not be able to rotate past the adjacent 
filaments 

The individual rotation model suggests a mechanism by 
which flagellotropic phages are able to infect cells The 
phage x attaches to the filament with one tail fibre and then 
travels to the base of the flagellum where it injects is DNA : 
if the filament is inactive, the phage fails to reach the site of 
injection?’ Assuming that the binding of the phage to the 
filament is not completely rigid, so that some relative motion 
1s possible, ıt 1s conceivable that the phage moves down the 
filament like a nut on a bolt the grooves between the helical 
rows of flagellin molecules serving as the threads If this 
notion 1s correct, the phage will move to the base of the 
flagellum if the filament 1s rotating and the “threads” are 
intact , motion of the cell body is not required There 1s a 
mutant of Salmonella which 1s completely non-motile 
because its filaments are straight? The defect is in the 
flagellin, not in the components at the flagellar base The 
flagellin molecules are still arranged in helical rows? As 
we would predict, the mutant is fully sensitive to x (ref 26) 
There is a similar mutant of B. subtilis which remains sensitive 
to PBS1 (ref 28) 

Although bundle formation by peritrichously flagellated 
bacteria 1s not well understood, the forces responsible are 
thought to be hydrodynamic If the viscosity of the medium 
1s increased slightly, for example by the addition of methyl- 
cellulose, the bundles scatter more light! The bacteria also 
swim more rapidly? We find in tracking experiments? that 
they swim less erratically These effects can all be explained, 
if, as argued by Stocker‘, the increased viscous stress causes 
more filaments to join bundles If hydrodynamic forces, in 
fact, cause bundle formation, the observation that the mutant 
of Salmonella possessing straight flagella forms bundles” 
provides further evidence for the rotation of the filaments, 
since in this case interactions due to lateral displacements are 
absent We suggest that the bending of the filaments around 
the sides of the cell is facilitated by the proximal hook, which 
serves as a flexible coupling or universal joint 

The hydrodynamic basis for the synchronization of fila- 
ments within a bundle ıs more firmly established — Flagella 
of adjacent spermatozoa or flagellar bundles of adjacent 
bacteria! tend to move in phase Taylor"! calculated the 
forces acting to synchronize parallel undulating sheets and 
found these forces to be large for sheet spacings smaller than 
the wavelength of the undulations Although explicit calcu- 
lations of this kind have not been made for thin filaments, 
the work of Coakley and Holwill cited. earlier? indicates a 
large reduction in power dissipation for synchronous rotation 
within a bundle 

Work by Silverman and Simon? on "polyhook" mutants 
of E coli which provides strong support for the rotation 
model has recently come to our attention — When cells 
which have abnormally long proximal hooks but no 
filaments are treated with anti-hook antibody, they form pairs 
which counter-rotate This result can be explained if the 
proximal hooks are driven by rotary motors and the anti- 
bodies link a single hook from one cell to one or more 
hooks from another 

If, as suggested by existing evidence, bacterial flagella 
rotate, the structures at the base of the flagellum deserve 
more attention than they have received thus far. 
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Insect Epoxide Hydrase Inhibition by 
Juvenile Hormone Analogues and 
Metabolic Inhibitors 


EPOXIDE rings are known to be enzymatically hydrated 
by numerous organisms'? to give predominantly the corre- 
sponding f1ans-dihydroxy compounds and the epoxide 
hydrases 1nvolved can moderate various types of bioactivity 
Thus, they are involved in the deactivation of certain labile 
aromatic epoxides which may be responsible for carcino- 
genesis? and in the detoxication of insecticides such as 
1-naphthyl-N-methylcarbamate (carbaryl) or the cyclodiene 
dieldrin 

The epoxide ring of dieldrin ıs only slowly attacked by 
epoxide hydrases, but that of the analogue HEOM (I, 
Fig 1) varies in stability according to the species Thus, 
HEOM ıs toxic to tsetse flies, which have poor hydrative 
ability, but innocuous to other insects having high epoxide 
hydrase activity? 

For cecropia juvenile hormone (JH, IIl Fig 1) and 
its mimics containing terminal epoxide rings, hydrative 
epoxide ring cleavage (and ester hydrolysis, when this func- 
tion 1s present) 1s a significant metabolic deactivation route 
in several species?" and the epoxide ring has a variable 
influence on the activity of analogues containing ıt that may 
partly reflect differences 1n its biodegradability? 

A search for inhibitors of the epoxide hydrase which 
rapidly converts HEOM? into the corresponding trans-diol 
til, Fig 1) im several insects has revealed that synthetic 
cecropia hormone (mixed isomers), ‘as well as methyl 
epoxyfarnesoate (MEF) and the synthetic mimics EPGE? 
(Table 1) and EGSE? (V, Fig. 1), are competitive inhibitors 
of cyclodiené epoxide hydrase in pupal homogenates of 
the blowfly, Calliphora erythrocephala, and the mealworm, 
Tenebiio molitor, indicating that these compounds are 
possibly alternative substrates for HEQM-hydrase ~ In 
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this case, inhibitors of the cyclodiene hydrase may also be 
expected to inhibit JH-epoxide hydrase, and the inhibition 
of enzymatic HEOM-trans-diol formation (detectable by 
electron-capture gas-chromatography!) affords a useful 
preliminary screening method for epoxide hydrase inhibitors 

Juvenile hormone analogues may either mimic the action 
of the natural hormone at the sensitive site(s), or, by 
inhibiting deactivation enzymes, merely stabilize the levels 
of endogenous hormone at times damaging for the insect 
It 1s probable that both mechanisms operate 1n some cases. 
That hormone mimics such as piperonyl butoxide, sesoxane 
and the terpenoid compounds of Table 1 are inhibitors of 
the Tenebrio pupal HEOM-hydrase indicates that the large 
amounts of these compounds normally applied in testing 
for hormonal activity, relative to the levels of endogenous 
hormones, will have a significant effect on the enzymatic 
hydration of any hormone epoxide rings present, apart 
from effects on other hormone metabolizing enzymes such 
as double bond hydrases, microsomal exxidases and possibly 
esterases 

Accordingly EGSE (107 M, fifteen-fold excess over 
added substrate) markedly inhibits (90%) the degradation 
of the hormone analogue IV (Fig 1, detectable by GC 
and electron-capture) by homogenates (Table 1) of T molitor 
pupae and EPGE is somewhat less effective (38% inhibition 
at 3x107* M) These homogenates hydrate HEOM and 
decompose IV and the conversions are unaltered in either 
aerated or anaerobic buffer, indicating the absence of 
significant microsomal oxidase or nitro-reductase activity 
in these conditions (no added cofactors), which are optimal 
for HEOM-hbydrase  Piperonyl butoxide ıs a moderate 
inhibitor of HEOM-hydrase (Table 1), but at 3x107* M 
did not stabilize IV, and is 10? to 10* times less effective 
as a hormone mimic than either EGSE or EPGE ın vivo 
in T moltor"9?  Sesoxane also had no effect at this 
concentration im vitro, although it is rather active toward 
this insect in vivo 

The effects of metabolic inhibitors. will clearly depend 
on both the species examined and the hormone substrate. 
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Thus, piperonyl butoxide, as well as the 3-ethyl-analogue 
of EGSE? and other hormone analogues containing ester 
and amide groups, stabilize JH itself up to nineteen-fold 
in midgut homogenates from the southern armyworm, 
Piodenta eridania, and the natural hormone of this 
lepidopteran 1s likely to be JH or a similar compound? 

Of numerous compounds examined, simple epoxides seem 
to be the best inhibitors of HEOM-hydrase (Table 1) 
The most effective of these, 1,1,1-trichloropropane-2,3- 
epoxide (ETP) and 1,2,3,4-tetrahydronaphthalene-1,2- 
epoxide, inhibit the enzyme non-competitively, 1n. contrast 
to the competitive inhibition. found with other epoxides 
such as JH Some, like 1-(4-propargyloxyphenoxy)-2,3- 
epoxypropane (PPPGE) or 1-(3,4-methylenedioxyphenoxy)- 
2,3-epoxypropane* (SESGE , Table 1), safrole epoxide and 
isosafrole epoxide, inhibit microsomal oxidases as well as 
epoxide hydrases, as shown by their synergistic action with 
carbaryl against houseflies and blowfles ETP, PPPGE 
and the bis-epoxide BDGE (Table 1) inhibit the degradation 
of the hormone analogue IV (Fig 1) in homogenates of 
Tenebiio pupae, and the last two compounds have also 
been shown to stabilize JH in the midgut preparation from 
southern armyworm (Slade, M, and Wilkinson, C F., 
personal communication) 

The mechanism of enzymatic epoxide ring hydration 1s 
still obscure, but activity is optimal at alkaline pH and, 
chemically, the nucleophilic attack of OH” on an oxirane 
carbon may be likened to its attack on the carbonyl group 
of a carboxylic ester or on the phosphorus atom of an 
organophosphate during the alkaline hydrolysis of these 
chemicals It is therefore interesting that a non-toxic 
carboxyesterase inhibitor, such as triphenyl phosphate, 
inhibits blowfly HEOM-hydrase competitively and that the 
microsomal oxidase inhibitor SKF 525A (Table 1) which 
contains a carboxylic ester function, 1s also an inhibitor 
of HEOM-hydrase in vitro’ Such compounds are potential 
stabilizers of both of the terminal functional groups in 
cecropia hormone 

Simple inhibitors 


of microsomal oxidases, epoxide 





Table 1 


Effect of Various Compounds on the Cyclodiene Epoxide Hydrase in Pupal Homogenates* of the Blowfly, Calliphora erythrocephala, and 


Mealworm, Tenebrio molitor 








Compound 


Hormone types 
Cecropia hormone (JH) (mixed isomers) 
Methyl trans, trans-10,11-epoxy farnesoate (MEF) 
1-(4-ethylphenoxy)-6,7-epoxy-3,7-dimethyl-2-octene (EPGE) 


6,7-epoxy-3,7-dimethyl-1-(3,4-methylenedioxyphenoxy)-2-cis/trans-nonene (EGSE) 64 


Microsomal oxidase inhibitors 
Piperonyl butoxide 
2-(3,4-methylenedioxyphenoxy) 3,6,9-trioxaundecane (sesoxane) 
2,3-methylenedioxynaphthalene 


2-diethylaminoethyl 2,2-diphenyl valerate hydrochloride (SKF 525A) 


Non-hormone epoxides 
J,1,1-trichloropropane-2,3-epoxide (ETP) 
1,2,3,4-tetrahydronaphthalene-1,2-epoxide (ETN) 
1-(1-naphthyloxy)-2,3-epoxy-propane 
1-(4-propargyloxyphenoxy)-2,3-epoxypropane (PPPGE) 
1-(3,4-methylenedioxyphenoxy)-2,3-epoxypropane (SESGE) 
22-bis[4-(2,3-epoxypropyloxy)phenyl]propane (BDGE) 


Organophosphorus compounds ee 


Triphenyl phosphates 

Diethyl phenyl phosphorothionate 
S,S,S-tributyl phosphorotrithioate 
Propyl 2-propynyl phenylphosphonate 


Homogenate source 


C erythocephala T molitor 


“Inhibition — [I/[S]T “Inhibition — [II/fS] t 
40 4 34 4 
37 4 23 4 
44 4 60 4 
4 60 4 
64 10 54 10 
30 10 50 10 
50 10 30 10 
74 10 68 10 
63 004 33 02 
50 0 12 100 05 
69 1 47 1 
52 0 25 47 1 
50 05 43 1 
50 03* 100 1 
95 10 88 10 
66 10 88 10 
z 78 20 40 10 
: 29 10 11 2 


i M——————————————— 


* 1095 (wiv) homogenates of fresh pupae in 0 1 M phosphate buffer, pH'8 5 For incubation (static for 12 min at 30° C), substrate (100 ug 
HEOM, final concentration 5 5 x 10-5 M) and inhibitor, each in 50 pl ethanol, added to same buffer (4 5 ml) plus homogenate (0 5 ml) 


T Inhibitor conicentration/substrate concentration. 
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hydrases and carboxyesterases may possibly be used as 
synergists for either biodegradable organochlorine com- 
pounds such as HEOM, or labile hormone analogues, 
Metabolic deactivation is a likely cause of cross resistance 
to exogenous JH-analogues ın strains of flour beetles and 
houseflies already resistant to other control agents and 
synergists may also prove useful ın this context. 

Several of the epoxides examined here, including EGSE, 
elicit transient signs of poisoning and knock-down in 
houseflies, blowflies and fleshfiies (Sarcophaga barbata), 
when topically applied before normally innocuous doses 
of HEOM Similar effects, seen with SKF 525A or n-propyl 
2-propynyl phenylphosphonate, are accompanied by a 
temporary elevation ın the tissue levels of HEOM. Inhibition 
of the rather actve HEOM-hydrase in these insects ıs 
evidently only transient and the inhibitors are likely to 
be more effective as synergists in insects such as the stable 
fly (Stomoxys calcitrans) or tsetse fly whch have inter- 
mediate or poor HEOM-hydrase activity respectively 


Cl 
oN BALA A SIDE 


ana t ^ 
€— Epoxide ring Epoxidation, a Hydrolysis 
hydration  hydrat 
Cl HEOM (1) y D OR Microsomal 
oxidase attack 


ye on chain, etc 
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NO 
ani” 
cl OH " 
HEOM n ans-diol (II) 
MP PAA LY 
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Fig 1 Metabolic routes for a cyclodiene epoxide, cecropia 
Juvenile hormone and terpenoid hormone mimics 


The non-hormone structural types of Table 1 showed 
zero or slight morphogenetic activity at the 10 ug level 
on topical application to fresh pupae of Tenebrio or 
Calliphora but there was some evidence of synergism when 
certain of them were applied with JH or compound IV 
(Fig 1) in the Tenebrio test, or with EPGE on Calliphora 
pupae Also, the bis-epoxide BDGE (Table 1) has shown 
synergistic effects when co-administered with JH to fifth 
instar locusts, Schistocerca gregaria (Kelly, J E N, personal 
communication) The synergist/hormone ratio for optimal 
activity may be more critical than for synergist mixtures 
with classical insecticides Another problem is that of 
simultaneously inhibiting metabolic routes catalysed by 
different enzymes , an inhibitor such as triphenyl phosphate 
may suppress JH-esterases, epoxide hydrases and possibly 
double bond hydrases, but the blockade of these routes 
to polar derivatives may simply provide extra lipophilic 
parent substrate for attack by microsomal oxidases, which 
it does not inhibit. This emphasizes the need for multi- 
functional inhibitors * 
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hormone compounds were the gift of Hoffmann-La Roche 
AG, Stauffer Chemical Co., or Zoecon Corporation ETN 
was donated by Dr P Sims. . s 
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Delayed Effect of Light on the 
Mosquito “Clock” 


PREVIOUS work on the circadian rhythm of flight activity in 
the mosquito Anopheles (Cellia) gambiae Giles has shown 
that light can affect flight activity either directly or by chang- 
ing the phase of the circadian rhythm! Neither of these 
effects seems to account for the fact that, after a change 
from LD 12 12 (alternating 12 h light 12 h dark) to DD 
(constant dark), the first cycle in DD 1s 1-15 h longer than 
that of subsequent cycles The results reported here indicate 
that this 1ncrease 1n period is the result of a delayed effect 
of light, which 1s increased if the light period ıs prolonged, 
although the evidence suggests that the circadian "clock" is 
stopped by light The mosquitoes used were sugar-fed fe- 
males of A gambiae species A, from a culture originating 
in Pala, Upper Volta, similar results have been obtained in 
preliminary experiments with A merus and A stephensi 
The flight activity of individual mosquitoes was recorded 
using the flight sound as an indicator? The insects were 
reared in an LD 12 12 regime and the temperature through- 
out was 25° C 

After a change ın the light regime from LD 12 12 (50 lux) 
to DD, with light off at the normal time, the period of the 
first cycle in DD 1s about 24 h (mean=241 h, sd =06 h, 
n=42) The rhythm then seems to free-run with a period 
of between 225 and 23 h When the final light period is 
prolonged to 18, 24, 36 or 48 h before the regime 1s changed 
to constant dark, the light 1nhibits activity, although with this 
culture, there 1s a peak of activity in the light (about 25 h 
after the previous light off peak) before the activity is damped 
out Cyclical activity restarts ın phase with the change to 
constant dark and the first peak of activity follows light off 
When the light period 1s prolonged, however, the period of 
the first cycle in DD seems to increase with the length of the 
final light period until, after 48 h light, ıt 1s approximately 1 h 
donger than after 12 h light (mean —25 0 h, s d =0 7 h, n—29) 
The period of subsequent cycles in DD» does not seem to be 
affected 

The distortion of the first cycle 1n DD seems to depend on 


: the light intensity or possibly the quantity of light given in 


the previous cycle After a change from LD 12 12 (2 lux) 
to DD, the mean period of the first cycle in DD was 236 h 
(sd =07 h, n=41) and after the final light period was 
extended to 48 h it was 242 h (sd —0 7 h, n=23) The 


wt 
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rhythm ıs still entrained by an LD 12 12 regime when the 
light intensity 1s as low as 02 lux, but it seems to free-run 
as soon as 1t 1s released into DD (mean period of first cycle 
=22 1 h, sd =09 h, n=23) At this intensity a light period 
of 48 h does not reset the cycle, which continues ın the light 
with a period of about 24 h 

Light seems to be most effective when it is given late in 
the subjective day A light period of 1 h (50 lux) beginning 
at the normal time of light on increases the period of the 
next cycle by about 05 h, even though it causes a small 
phase advance in the cycle in which it ıs given A similar 
1 h light period ending at the normal time of light off increases 
the period of the next cycle by about 1 h 

The damping out of the cycle when the light period is 
prolonged suggests that the “clock” is stopped by the light 
once it extends past a critical phase of the cycle, and 1n this 
respect is similar to the “clocks” controlling eclosion in 
Drosophila’ and Antheraea* The persistence of an activity 
peak in the light, before the cycle 1s damped. out, suggests the 
involvement of a two oscillator system similar to that pro- 
posed for the Drosophila eclosion rhythm? In this case the 
A oscillator would be stopped by the light while the B 
oscillator could continue to the next activity peak It is 
possible that the delayed effect of light, described here, could 
be explained in terms of the interaction of two or more 
oscillators, but an alternative hypothesis ıs that light causes 
the accumulation of some factor which can only affect the 
period of the rhythm at one particular phase, presumably 
early in the cycle The greater effectiveness of light given 
late ın the previous cycle indicates that this factor ıs short 
lived 
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Mercury-Selenium Correlations 
in Marine Mammals 


Hicu levels of mercury may occur in the tissues of seals, 
dolphins and porpoises!-* In the Netherlands from 225 to 
765 ppm (wet weight) in liver and from 99 to 31 ppm 
in brain have been detected in adult specimens of the common 
seal (Phoca vitulina) which were found dead* Brain concen- 


trations were of the same order as those in the brain tissue Qf, 


animals of various species poisoned experimentally by methyl- 
mercury compounds? As most of the mercury in marine fish 
1s present as methylmercury?, the high levels in seal brain sug- 
gest that these animals are affected by the toxic action of 
methylmercury compounds Analyses of the methylmercury 
levels according to Westov® ın the livers of six seals shot 1n 
the German part of the Wadden Sea and two adults found 
dead showed that only 2 to 14% of the total mercury was 
methylmercury Similarly, of the 10 and 15 ppm total mer- 
a 
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cury in the brain of the latter two seals, only 22 and 13% 
respectively could be recovered as methylmercury Neutron 
activation analysis of the tissue precipitate remaining after 
benzene extraction of the acidified homogenates obtained in 
the methylmercury analysis has shown that on average more 
than 90% of the mercury remains attached to the tissue com- 
ponents In humans and th experimental animals poisoned 
by methylmercury compounds most or probably all mercury 
1s in the form of methylmercury (refs 7 and 8 and S Skerfving, 
report by the Department of Environmental Hygiene, Karo- 
linska Institute, Stockholm) Thus the mechanism of binding 
of mercury to the tissues of seals may be different 
Cadmium, arsenic, selenium, zinc and antimony have been 
measured in seal tissues by neutron activation. analysis? 
Selenium was present 1n relatively high concentrations, from 
46 to 134 pp m (wet weight basis) ın the livers of five seals 
in which the mercury levels varied from 257 to 326 ppm 
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Fig. 1 Correlation between mercury and selenium in the livers 
of marine mammals ©, Dolphins and porpoises, @, common 
seal 


The range for cadmium was 005 to 030 ppm, for arsenic 
020to 17ppm and for zinc 25 to34 ppm, on the other 
hand the concentration of antimony was found to be lower 
than the detection limit of 001 ppm* Further analyses 
were made of juvenile seals found dead, a number of adult 
seals shot, three porpoises (Phocoena phocoena) found dead 
along the Dutch coast, three bottle-nosed dolphins (Tursiops 
truncatus) which died in a dolphinarium, three dolphins (two 
Delphinus delphis and one Lagenorhynchus obsciu us) collected 
near New Zealand and two dolphins (Sotalia guianensis) 
captured in Surinam The concentration of mercury in the 
livers of marine mammals seems to be strongly correlated with 
the concentration of selenium, but not with any of the other 
elements determined (Fig 1) id 
The correlation coefficient between mercury and selenium 
for the whole group of animals 1s 0 932, based on a double 
linear equation As subgrouping of the animals in their 
e re&pective taxonomic groups (seals, dolphins and porpoises) 
did not result in higher correlation coefficients, all three groups 
*may be treated here as one group , 
Ieeast squares treatment of the,data leads to a regression of 


mercury on selenium z 


(Hg) ppm =253 (Se ppm +176ppm 


(1) 
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Table 1 Distribution of Hg and Se in Subcellular Fraction of Seal Liver 








Fraction Hg(ppm) He (ug) % Se(ppm) X Se (ug) % Hg/Se 
Homogenate 183 3,026 572 897 34 
10% homogenate * i 177 2,825 100 395 1,001 100 28 
Fraction (D 10mm 100g 153 1,566 54 566 578 571 21 
Fraction (ID. 10 min. 5,000g 30 8 247 87 9 38 79 3 79 31 
Fraction (II) 10 min. 10,0002 156 141 05 0 94 90 09 16 
Fraction (IV) 60 min 105,000g 151 141 50 474 468 47 30 
Supernatant IV 0 45 109 39 017 430 43 25 
35 55 
* 10% in 0 25 M sucrose solution 
and to a regression of selenium on mercury could not be recovered in the form of methylmercury may 
support this suggestien 
(Se) ppm =0 343 (Hg) ppm -20ppm (2) J H KOEMAN 
Rearranging equation (2) gives W H M Peeters 
CH M KOUDSTAAL-HOL 
(Hg ppm =291 (Se) ppm 458ppm (3) 


The average value of the slopes of equations (1) and (3) 1s 
27+02 or 11401 on a molecular basis As the mercury 
and selenium values cover almost 2 5 decades, the highest data 
pairs have the most profound effect on the form of the equa- 
tions Thus, the value of 1 1+0 1 denotes the average uptake 
ratio of the two elements in the adult stage Work now in 
progress indicates a simular correlation for the brain 


Table 2 Mercury-Selenium Ratios in Marine Fish 


Ratioppm Hg ppm Se 


Sample description Ref for flesh or total fish 
Standard 
Average deviation 
Various kinds of sole, Pacific 
Coast, United States (16) il 0 055 0 045 
Herring, North Sea (7) 12 0 065 0 018 
Herring, North Sea (5) T 005 
Mackerel, North Sea (2) 12 0 04 
Mackerel, North Sea (5) T 002 


No of samples 1s shown in parentheses 
TJH K,CH M K-H,P S T andJ J M deG, unpub- 
Itshed results 


We have made neutron activation analyses of various 
subcellular fractions of a fresh liver homogenate from a seal 
shot in a poor condition (Table 1) More than 50% of the 
mercury and selenium occurs in the 700g fraction (chiefly 
nuclei and cell wall material) in which the (weight) ratio is 
27, again corresponding to a 1 1 molar ratio The other 
fractions show the same tendency, assuming a larger analytical 
error at lower mercury and selenium levels A similar 1 1 
molar increment has been reported for tuna by Ganther!? 
Various fish species which marine mammals feed on contain, 
however, at least forty times more selenium than mercury 
(refs 11 and 12 and unpublished results of] H K,C HM K- 
H,P S T and J J M de G) (Table 2) indicating that the 
1 1 molar ratio reported here 1s established in the aquatic 
mammal itself 

Our results may suggest that the correlation found reflects 
a causal relationship between mercury and selenrum 1n marine 
mammals As selenium has a protective effect against the 


toxic action of mercury compounds in experiments twith rats è 
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Induction of Liver Tumours in Rats 
by a Single Treatment with Nitroso 
' Compounds given after Partial 
Hepatectomy 


AN outstanding problem in understanding the mechanism of 


and Japanese quail!913-!5 it may have a simular effect I, e carcinogenesss by nitroso compounds ıs the apparent immunity 


marine mammals It has been suggested that mercury and 
selenium occur together in animal tissues and are associated 
to proteins by means of sulphur!^ Our observation that most 
of the mercury in seal liver and brain was tightly bound and 


of the liver to a single treatment with the carcinogen While 
dimethylnitrosamine (DMN) ın the diet induces tumours in 
liver and kidney of rats, a single injection given to adult 
animals usually induces only kidney tumourst One treatment 
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with nitrosomethylurea (NMU) induces tumours in many 
tissues, but not in liver??? In each case, liver cells have been 
transformed by treatment ın vitro with the carcinogen* There- 
fore the question arises of why one administration of a carcino- 
genic methyl-nitroso compound, or of most other liver carcino- 
gens, rarely induces liver cancer in the intact adult rat One 
answer is suggested by experiments ın which a high incidence 
of liver cell cancer could be induced by one treatment with 
a nitrosamine 1f given after partial hepatectomy 

Surgical removal of 65% of the liver causes a wave of 
mitoses in hepatocytes of the liver remnant? A single treat- 
ment with DMN during this period of restorative hyperplasia 
induced a 40-60% incidence of liver cell cancer? The experi- 
ments described here show that one injection of DMN or of 
diethylnitrosamine (DEN) given after partial hepatectomy 
resulted in a high incidence of hepatocellular carcinoma By 
using younger animals, the time before death due to liver 
cancer in animals given DMN 24 h after the operation was 
reduced from 2 to ~15 yr 

Animals were partially hepatectomized by the method of 
Higgins and Anderson’, and dialkylnitrosamines were admin- 
istered as shown in Table | (The details of these experiments 
are to be submitted for publication elsewhere ) The animals 
were kept until they died or until they appeared ill, when they 
were killed, and relevant tissues examined histologically A 
single treatment of intact animals with DMN did not induce 
liver tumours When DMN was administered after partial 
hepatectomy, a high proportion of the animals developed 
nodular livers, the nodules often having an abnormal lobular 
structure and evidence of liver cell damage Hyperplastic 
areas and biliary cystadenomas were also present Some 
animals had liver cell carcinoma This was usually trabecular 
carcinoma as seen previously®, and in some instances metastases 
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were found in the lung Borderline cases which were difficult 
to classify were not recorded as hepatocellular carcinoma <A’ 
higher incidence of tumours was obtained if the DMN was 
given at 24 h rather than 0-2 h after the operation 

The dependence of vulnerability on the time of administration 
of DMN after the operation may be due to variation in the 
sensitivity of the cells at different stages in the cell cycle, with 
the 24 h stage, at which DNA synthesis 1s at a maximum, 
being the most vulnerable Cell cycle dependence would also 
be affected by the time taken to metabolize the carcinogen 
In the case of DMN, a low dose given soon after the operation 
would be completely metabolized by 24 hê Therefore it 1s 
possible to select the time at which the damage caused by 
DMN metabolism occurs, by appropriate administration at 
0-2horat24h In experiments with DEN, a considerably 
higher dose of nitrosamine was used, and it 1s possible that 
DEN given 0-2 h after partial hepatectomy was still being 
metabolized 24 h later Thus, the results of experiments with 
DMN are the more relevant when considering the cell cycle 
dependence of carcinogenesis 

A similar result was obtained with N-methyl-N -nitro-N- 
nitroso-guanidine (MNNG) A single treatment given to an 
intact animal induces biliary cystadenoma?, but when given 
after partial hepatectomy it can induce liver cell cancer (Table 
1 NMU administered after partial hepatectomy has not so 
far induced liver cancer This may be due to the fact that the 
liver tumours induced by the nitrosamines and by MNNG 
took about 1 5-2 yr to develop, while most animals treated 
with NMU died before this time had elapsed from more rapidly 
growing tumours NMU breaks down spontaneously without 
the need for metabolic activation, and as its effects do not 
depend on the tissue distribution of activating enzymes they 
are widespread Hence most animals die of the fastest 


Table 1 Effect of Partial Hepatectomy (PH) on Response of Rats to Treatment with Biological Alkylating Agents given in Saline at the Time 





Stated 
Alkylating Sex and Time of treatment Dose Nos of animals Hepatocellular car- 
agent body wt after PH (h) (mg kg-!) Total Acute death Survivors cinoma among survivors 

DMN 8 No PH 48 6 0 6 0/6 
100 g 0-2 48—72 11 5 6 1/6 

84 6 6 0 
24 48 6 0 6 2/6 

9 No PH 84—120 10 0 10 0/10 

100 g 0-2 60—70 4 0 4 1/4 
84 7 2 5 0/5 
96—132 7 4 3 0/3 
24 96 1 0 1 0/1 
120—132 8 i 7 3/7 
144-156 16 11 5 2/5 

168 3 3 0 
DEN 9 No PH 100— 130 10 1 9 2/9 
100 g 0-2 50—114 9 0 9 4/9 

130—300 15 15 0 
24 130 6 1 5 1/5 

150—200 5 5 0 
MNNG * 9 No PH 107-10 4 0 4 0/4 
100 g 154-10 6 0 6 0/6 
0-2 and 3-5 10 3 0 3 0/3 

15 1 1 0 
10+10 T7 2 5 2/5 
154-10 4 2 2 0/2 
MMS 9 No PH 66 2 0 2e 0/2 
200 g 88 4 0 4 0/4 
0-2 22 ee 1 0 1 0/1 
. 44 2 0 2 0/2 
66 8 0 8 0/8 
88 " 7 3 4 0/4 
. 1105 6* 5 1 0/1 
24 e 66 s 3 0. 3 0/3 
88 8 1 7 0/7 


e" ————— ——————"ÉawÁÁÉÁ S 
DMN, DEN and MMS were given by intraperitoneal injection. MNNG was administered by stomach tube, tne dose being split as shown 


* Dose expressed as mg per rat 
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developing tumours, especially lymphomas Thuis early death 
does not occur after treatment with nitrosamines as metabolic 
activation 1s required before these compounds are biologically 
effective and so, because they are metabolized chiefly by liver 
and kidney in the rat, ıt 1s usually only in these organs that 
tumours are induced 

There is much evidence to suggest that the nitrosamines, 
MNNG and NMU are carcinogenic because of their ability 
to alkylate macromolecules?:!?, and therefore the question 
arises as to why other biological alkylating agents are not also 
potent carcinogens Methyl methanesulphonate (MMS), for 
example, was found not to induce liver cancer even when 
given after partial hepatectomy (Table 1) But, while nitros- 
amines, MNNG and NMU, apparently react with nucleic 
acids by a predominantly SNl-type mechanism, forming 
O*-methylguanine among the reaction products, MMS reacts 
predominantly by an SN2-type mechanism?:!? — O9-Methyl- 
guanine 1s formed in liver DNA of partially hepatectomized 
rats treated with DMN, but none was detected in animals 
treated with MMS?! This difference in the pattern of DNA 
alkylation may well be relevant in carcinogenesis‘? 

These experiments suggest that for carcinogenesis to result 
from treatment with alkylating agents, two factors are neces- 
sary One is damage of a special type to the genetic material 
The second is the occurrence of cell replication before the 
damage has been repaired Cell division may be necessary 
so that nuspairing of the alkylated bases may take place during 
DNA replication, and thereby convert the transitory abnormal- 
ity of aberrant methylation into an inheritable change ın base 
sequence. There ıs evidence that the presence of O°-methyl- 
guanine in the template can cause aberrant base-pairing? 

The concept that both chromosome injury and mitosis are 
necessary for carcinogenesis 1s not new, but ıt has been con- 
sidered chiefly ın relation to the induction of skin cancer In 
this case, chemical injury is believed to initiate a process which 
1s promoted by agents which cause hyperplasia'* The idea 
that a similar two-stage process may be relevant in carcino- 
genesis of liver has been postulated by Main and Stich!? and 
by Warwick!® and others!^!5 The experiments with nitroso 
compounds described above support the hypothesis that 
genetic damage may need to be followed by cell replication 
1D order to convert a transient into an inheritable change, such 
as presumably must occur during carcinogenesis 

I thank Mrs C N Ansley for technical assistance and 
Drs G Jones and W H Butle: for help in assessing the 
histology 
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Anaerobiosis in the Overwintering 
Beetle Pelophila borealis 


AT Finse, situated at 1,200 m above sea level in the moun- 
tain plateau of Hardangervidda, Norway, adult Pelophila 
borealis (Coleoptera, Carabidae) overwinter 1n the soil of 
a sedimentation flat! During the winter the flat 1s 
periodically flooded by the adjacent river, and consequently 
covered by a layer of 1ce Sixty to 120 cm of snow covers 
the ground from late September until early June Soil 
temperatures at the beetle’s overwintering sites are normally 
slightly below 0° C, but rarely drop below —3° to —4° C 

In these conditions the beetles are frequently enclosed 
by ice for several months Their survival seems to depend 
not only on a sufficient degree of cold-hardiness', but also 
on their ability to tolerate an oxygen deficiency during 
ice enclosure For insects overwintering in habitats of 
this kind, anaerobic metabolism may be an important 
aspect of winter survival 

Anaerobiosss ıs known to occur in a number of insects, 
and many species can survive several hours of anoxia’. 
Some sorl-inhabiting insect larvae tolerate 2 or 3 weeks 
in CO, Several end products of anaerobic metabolism 
are known from insects, the main ones being pyruvate, 
lactate and a-glycerophosphate*" Metabolism of a-glycero- 
phosphate to glycerol may be a further pathway during 
anaerobiosi Considerable amounts of alanine may also 
be accumulated, as shown in Musca by Price® 

Adult P. borealis were collected in the autumn, and stored 
at their overwintering sites 1n. perforated plastic boxes filled 
with sod Their location was marked with a high stick, 
from which strings led to the boxes From these sites the 
beetles could be dug up at any time during the winter 
To test their ability to survive under anoxia, the beetles 
were placed ın glass tubes filled with 999% nitrogen, and 
stored at 0? C for various time intervals The tubes, which 
were 08 cm 1n diameter and 30 cm long, were heated and 
pulled out at one end From six to eight beetles were 
placed in each tube, which was then pulled out at the 
other end, filled with nitrogen, and rapidly sealed by melting 
both the pointed ends 

Following removal from anoxia, survival rates of the 
beetles were recorded after 1 or 2 d at room temperature 
Beetles which seemed to be moving normally were counted 
as alive, beetles moving but unable to walk as moribund, 
and those not showing movement within 3 d as dead The 
survival of beetles kept from 8 to 127 d in nitrogen at 
0° C was almost 100% (Table 1) The tests were carried 
out with beetles dug up at various times, but no indication 


Table 1 Survival of Beetles Stored in Nitrogen at 0? C for Various 
Times 





No of beetles 


vie Storage time (d) Alive Dead or moribund 

8 18 e 0 
12 15 0 
16 8 l 
26 14 n 0 
35 , 25 1 
49 34 4 
58 10 0 
75 11 I 
86 7 0 
127 8 0 
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Days at 20°C 


Fig. 1 Oxygen consumption at 20° C in P borealis previously 

stored in, a, anaerobic and, b, aerobic conditions at 0? C After 

removal from 0? C all beetles were kept aerobically at 20? C 
Each point represents the average of nine beetles 


of seasonal differences in the abihty to survive anoxia 
from October to March was found 

Oxygen consumption was studied in beetles removed from 
anoxia after 49 d at 0? C Measurements were made at 
20° C with the constant pressure respirometer described 
by Engelmann’ The first measurements were made a few 
hours after removal, and then at intervals of 24 h for 
several days Between measurements the beetles were kept 
aerobically at 20° C No food was supplied Similarly, 
beetles stored aerobically in the laboratory at 0° C for 
about 50 d were transferred to 20° C, and their respira- 
tion measured over seweral days 

Compared with beetles stored aerobically at 0? C, beetles 
kept anaerobically showed an increased level of oxygen 
consumption that lasted for several days (Fig. 1) A similar 
"oxygen debt" has been found in other insects kept in 
anoxia’, and is caused by the oxidation of metabolites 
formed during anaerobiosis Similar results were obtained 
from beetles dug up from their overwintering sites. Flood- 





Ic 2 3456789 10l 12 
Days at 20°C . 


Fig. 2 Oxygen consumption at 20° C ın P borealis removed 

from their overwintering sites 1n, a, March 1973 and, b, December 

1972 After removal the beetles were kept aerobically at 20? C 
Each point represents the average of nine beetles 
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ing of the sedimentation flat, caused by ice dammung the 
adjacent river, occurred in early February, leaving the 
beetles enclosed by ice A normal level of oxygen con- 
sumption was found in beetles dug up in December before 
the flooding but those collected in March showed a con- 
siderable oxygen debt (Fig 2) 

Lactate analyses were carried out? on haemolymph 
samples, collected with a micropipette from a puncture in 
the neck, from beetles stored in nitrogen at 0° C and 
those dug up from their overwintering sites, Increasing 
concentrations of lactate were found in the haemolymph 
of the beetles with increasing storage time in nitrogen at 
0° C (Fig 3) After about 40 to 60 d the concentration 
levelled off, indicating that other products of anaerobic 
metabolism are formed as well Accumulation of lactate 
also took place in outdoor conditions The haemolymph 
of ten beetles dug up in March contained from 87 to 
227 mM lactate, with an average of 138 mM 

To find out if other metabolites accumulate during 
anaerobiosis, analyses of pyruvate, «-glycerophosphate, 
glycerol and alanine were carried out in beetles stored 
for 45 to 70 d in nitrogen at 0° C For the analyses of 
pyruvate, a-glycerophosphate and glycerol, extracts of 
individual beetles were prepared as described by Somme? 
Pyruvate was determined according to Sloneker and 
Orentas!, o-glycerophosphate according to Heslop et al”, 
and glycerol according to Somme? From Table 2 ıt seems 
that no difference in contents of pyruvate and a-glycero- 
phosphate could be detected in beetles kept aerobically and 
anaerobically No glycerol was accumulated during 
anaerobiosis, and only traces of this substance were found 
in both groups 

For analysis of alanine, 10 ul samples of haemolymph 
were obtained from two or three beetles The samples 
were diluted five times with water, deproteinized by heating 
in boiling water for 60 s, and centrifuged before being 
applied to silica gel TLC plates Two-dimensional TLC 
was used according to Brenner ef al? with the first run 
in methanol chloroform 17% NH, (40 40 20) and the 
second run in phenol water (75 25) Alanine was deter- 
mined spectrophotometrically after elution of the spots as 
described by Chen and Diem? The results are shown in 
Table 2, from which ıt seems that anaerobic beetles con- 
tained about three times more alanine than beetles kept 
aerobically 

The present study indicates that adults of P borealis 
may survive long periods in nitrogen at 0? C in the 
laboratory In these conditions lactate and alanine are 
accumulated but no accumulation of pyruvate, o-glycero- 
phosphate and glycerol takes place Further investigations 
should be carried out to see 1f other pathways of anaerobic 
metabolism are present, as in other insects?*? At present 
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Fig.3 Accumulation of lactate in the haemolymph of P borealis 
stored in nitrogen at 0°°C for various,times Means «se are 
given, each mean represents five to ten beetles* 
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Table 2 Comparison of Pyruvate a-Glycerophosphate and Alanine 
Contents in P borealis Stored in the Laboratory in Aerobic and 
Anaerobic Conditions at 0° C for 45 to 70 d 








Pyruvate a-Glycerophosphate Alanine 
Fresh weight Fresh weight 
nt (mgg) nt (mgg) nf mmol 
Aerobic 5 02140017* 4 43+027* 3 149+228* 
Anaerobic 5 017+0018 6 44-018 3 51345 54 
* Mean +se 


T n, Number of replicates 


it seems important to stress the ecological significance of 
anaerobiosis in overwintering P borealis Beetles kept in 
laboratory conditions and those dug up from their over- 
wintering sites both showed an “oxygen debt" and high 
contents of lactate in their haemolymph 

Overwintering adults of P borealis may survive long 
periods of anoxia in their natural habitats Although the 
habitats of P borealis are exceptional in being flooded and 
covered by thick ice, other biotopes may offer similar con- 
ditions to overwintering insects An oxygen deficiency 1s 
likely to occur in humid biotopes of various types when 
the ground 1s covered by ice and snow during the winter 
Thus, anaerobic metabolism may be of vital importance 
for the survival of a number of insect species during 
overwintering 
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Ecology Research Station, Finse, for the use of the 
facilites at the station and for advice We also thank Mrs 
Randi Sømme, Department of Chemistry, the Agricultural 
University of Norway, who carried out the analysis of 
pyruvate 
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Cellular Organization and Fruit 
Ripening 

Two major theories have been adduced through the years to 
explain the climacteric rise 1n respiration during the ripening of 
fruits On the one hand, the Climacteric has been imputed to a 
surge of protein synthesis*-* On the other, the climacteric has 
been attributed to a breakdown 1n “organization resistance’’>:* 


Ethylene is considered as a causative endogenous ripening 
agent? ° i 


The first view is based on observed increases in protein, ə 


content and/or enzymatic activity in ripening fruit, as well as 
on the enhanced incorporation of amino acids into protein And 
nucleotides into nucleic acid during the climacteric?:t9. Never- 
theless, 4 variety of observations offer persuasive reasons to 
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reject protein synthesis as a causative event in the initiation and 
full implementation of the climacteric, and possibly of ripening 
The marked stimulation of glycolysis by anaerobiosis in pre- 
climacteric fruits (ref 5, and manuscript in preparation), as well 
as the full respiratory activity of mitochondria isolated from 
them® and the stimulating effects of uncouplers of oxidative 
phosphorylation on preclimacteric slices!?, all suggest that 
preclimacteric fruit may have the full respiratory potential 
evinced by fruit at the height of the climacteric Also, some 
fruits show no close correlation between respiration and protein 
synthesis** 

The second view, which attributes the climacteric and ripening 
to the breakdown of organization resistance, was initially pro- 
posed as a speculation (ref 5, and manuscript in preparation) 
There is little question that membrane permeability 1s markedly 
increased in ripe fruits??? Permeability changes, however, need 
not be so gross m the early stages of ethylene presentation as to 
be perceptible as an increase in sucrose free-space (see Brady 
et al) Subtle perfneabilty changes may have profound 
physiological effects!5 We are re-examining the latter theory 1n 
terms of contemporary concepts of the central role of enzyme 
modulation in metabolic regulation. The study was engendered 
by observations of Barker et al ™ that the natural or ethylene- 
induced increase in glycolysis in bananas resembled the an- 
aerobic stimulation of glycolysis in yeast and higher plants??-7®, 
in that the activity of two regulatory enzymes of glycolysis, 
phosphofructokinase and pyruvate kinase were enhanced in 
each case In the light of a report that ethylene enhances 
glycolysis 1n yeast??, ıt was hoped that cyanide, a conventional 
evocator of aerobic fermentation in yeast, might stimulate 
glycolysis in fruits As avocado slices possess a cyanide 1nsensi- 
tive respiration®°, we anticipated that cyanide might also 
increase respiration, 1n. conjunction with increased glycolysis, 
1n intact preclimacteric fruits 

Low levels of cyanide in gaseous form were found not only 
to stimulate respiration but to cause ripening as well, so a 
general study was started to assess the possibility that the noted 
effects of cyanide and ethylene were on cellular organization in 
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Fig. 1 a, Respiratory drift of intact avocados treated with 400 
ppm Br, vapours (---) or naturally ripened (control (—)); b, 
ethylene production by intact avocados treated as in a 
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Fig 2 a, Respiratory drift of intact bananas treated with 400 


ppm Br, (---) or 15p p m ethylene (control (—)), b, ethylene 
production by intact bananas treated as in a 


general, and not on one or more specific enzymatic processes 
We thus tried to determine whether simple compounds with 
different chemical characteristics, but with the potentiality of 
interfering with cellular organization 1n general, have an effect 
on the climacteric and on fruit ripening We examined volatiles 
of several categories, as volatiles provide a convenient means 
for treating intact fruits Halogens would be expected, among 
other things, to add to double bonds of the unsaturated fatty 
acids of phospholipids and thus alter the physical characteristics 
of cellular membranes, as has been reported with micro- 
organisms?! Chloroform, an effective lipid solvent, could be 
expected to influence cellular organization The above com- 
pounds, as well as cyanide (400 p p m 1n air) and CO (0 1% n 
air), caused a rapid onset of the climacteric, ethylene production 
and ripeningof avocados and bananas The experiments des- 
cribed below are limited to effects of Br; vapours on avocados 
and bananas 

When avocado fruits were exposed to Br; vapours (400-700 
ppm inanair stream) respiration rose at once, followed closely 
by an increase in ethylene production and subsequent fruit 
softening (Fig 1a, b) The gas-ripened fruit proved indistinguish- 
able from naturally ripened fruit with respect to peak values of 
respiration and ethylene production, and to texture At similar 
concentrations, Br, caused a rise in respiration and ethylene 
production in preclimacteric bananas (Fig. 2a, b) The sugar 
content of bromine-ripened bananas was similar to that of 
ethylene-treated fruits (Table 1) Bromine soon turned the 
banana skins red, but had no effect on softening and sugar 
content These agents elicit maturation changes similar to the 
outward changes in naturally ripened fruits, but it 1s an open 
question whether ripening induced by halogen gases, chloro- 
form and cyanide resembles natural ripening ın every detail 
In addition to the induction of the climacteric all these agents 
evoke an increase in ethylene production and we cannot, 
therefore, establish with certamty whether they exert their 
effect on ripening independently or through ethylene 


The effects of ethylene are numerous and varied There is np, 


convincing evidence that ethylene is a specific enzyme modulator 
or interacts chemically with cellular components”? It has been 
suggested that ethylene exerts its influence on plant tissues by 
complexing with the metal prosthetic group of pivotal regulatory 
sites, and that CO, an ethylene mimic, acts similafly? Cyanide 
and CO complex with certam metals in appropriate conditions, 
but halogens and chloroform, which bear no chemical resem- 
blance to ethylene and may not act as metal-complexing agents, 
duplicate ethylene in rapidly inducing the climacteric onset and 
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Table 1 Changes in Sucrose and Glucose Contents of Intact Bananas 
Treated with Bromine or Ethylene 











Fruit Treatment Stage of Glucose Sucrose 
No ripeness mol g^! mol g^! 
1 None Preclimacteric 166 58 
2 None Preclimacteric 127 43 7 
3 None Preclimacteric 132 379 
4 None Preclimacteric 119 378 
5 15ppm ethylene Chmacteric 182 532 
6 15ppm ethylene  Climacteric 120 460 
7 15ppm ethylene Climacteric 190 510 
8 Bromine Climacteric 256 527 
9 Bromine Climacteric 304 363 
10 Bromine Climacteric 303 421 
11 Bromine Climacteric 105 524 
12 Bromine Climacteric 190 419 
13 Bromine Climacteric 205 520 





Charges expressed as mol g^! fresh weight Treatment as in Fig 2 


rise in ethylene production Further, ethylene and its mimics 
are effective in the induction of the climacteric and ripening in 
conditions which may preclude protein synthesis (see earlier) 
In addition, ethylene in vitro acts as a membrane perturbator? 
For all these reasons we favour the interpretation that ethylene 
perturbs the cellular organization of fruits by physical means 

One of the consequences of the assumed perturbation 1s 
stimulation of glycolysis This alone cannot, however, account 
for the climacteric rise and ripening (manuscript in preparation) 
Thus the perturbation of cellular organization must also 
influence aerobic respiration The frequent rise m ATP in 
association with ripening favours this view Sucrose formation 
and protein synthesis are frequent concomitants of ripening, 
the preponderance of one or the other depending on the fruit 
There 1s a good argument to be made that sucrose formation 
and protein synthesis are the consequences of the climacteric 
rise, a reflexion of a surge in ATP synthesis resulting from the 
decontrol (not uncoupling) of respiration In potato tubers, 
where ripening is not at issue, ethylene induces an increase in 
respiration which, depending on the physiological stage of the 
tuber, 1s followed by a large increase in sucrose content (manu- 
script 1n preparation) 

Ethylene production follows an autocatalytic course during 
the climacteric rise This has been attributed either to its 
influence on the de novo synthesis of? , or to its catalytic 
influence on a metal-containing receptor centre of?*, one or 
more enzymes involved in ethylene biosynthesis The present 
data, however, indicate that preclimacteric avocados and 
bananas have the enzymatic capacity for the production of 
biologically active amounts of ethylene, and that ethylene 
formation can be rapidly initiated by factors which have no 
metal-complexing properties, and 1n conditions which preclude 
protein synthesis (the presence of cyanide and uncouplers of 
oxidative phosphorylation) It seems, therefore, that the 
physical integrity of the cell may be an important parameter in 
regulating ethylene production in preclimacteric fruits Once 
ethylene formation has been started it can stimulate 1ts own 
production by its postulated ability to influence cell integrity 

This work was supported by a grant from the US Public 
Health Service and a contract awarded by the US Atomic 
Energy Commission We thank Professor J B Biale for interest 
and encouragement, and Mr Donald Barcus for technical 
assistance 
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Reply to Criticisms of a Quantum- 
Mechanical Muscle Model 


Tur fundamental idea in a highly speculative new kind of 
muscle model! was that a bond vibration ıs first produced by 
an exothermic chemical reaction, the energy is transferred 
resonantly to an electronic excited state of identical frequency, 
then trapped in an excimer state formed between two such 
electronic oscillators and finally converted into external work 
as the two oscillators approach each other The first part of 
Naqvi’s criticism? was that the experiment I quoted as an 
example of energy trapping in excimers was mistaken This I 
concede, clearly the pyrene experiments can no longer be used 
to show that excimer fluorescence 1s dipole-forbidden The 
accepted theory clearly predicts, however; that, in special 
conditions, the excimer state may yet be long lived In its 
longer version? my muscle model already has a design feature 
which enables Naqvi’s criticism to be overcome If the 
oscillator was indeed first excited to a singlet state and only 
later diffused into interaction distance with another oscillator 
in the ground state then, as Naqvi argues, the triplet state 
would be at a lower energy and decay into it would be difficult 
o avoid My suggestion? was, however, that the energy of 
the bond vibration produced on ATP hydrolysis 1s less than 
that of the excited state of an isolated oscillator, so that only 
when the two oscillators are close enough to perturb each 
other sufficiently do they resonate with the bond vibration 
and then become excited This feature was introduced, first, 
to protect the postulated bond vibration (by allowing it to be 
buried ın a protein and yet to interact with the environment in 
this way) and, second, to ensure that only the anti-symmetric 
attractive excimer state is produced on excitation I now 
suggest a third function 0 ensure that the excimer only 
becomes excited when its energy is already below that of the 
triplet state In this case decay into the triplet state would be 
prevented, and the fluorescence would become fully dipole- 
forbidden F e 
Naqvi also argues? that thermal motions must lower the * 


“symmetry of the excimer state, causing it to decay This con-e © 


clusion neglects the evólutionary capacity of a projein 
molecule All that ıs necessary is that a protein should have 
evolved ,which holds the oscillators “rigidly enough parallel 
and yet allows them to approach each other, such a structure 
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is easy to devise mechanically Liquid dye lasers protect 10ns 
in their excited states from thermal decay by, in some cases, 
surrounding the 1on with chelate cages to prevent random 
collisions, a protein may well do something similar 
The criticism of Banks, Callomon and Vernon* was that the 
rapidity of vibrational relaxation in free solution makes it 
physically impossible to store the postulated bond vibration 
away from thermal equilibrium for the time necessary for the 
above model Such relaxation is indeed a crucial difficulty in 
my muscle model, and one I have considered elsewhere? The 
process of relaxation? takes place on collision and the whole 
of the vibrational energy has to be converted 1n one step into 
a combination of alternative vibrational, translational and 
rotational modes Thus the rate of relaxation depends 
critically on the energy gap between the relaxing vibration and 
the nearest mode (usually another vibration) beneath ıt On 
this basis the theory of Schwartz, Slawsky and Herzfeld® 
makes predictions which are consistent with experiments? 
In extreme cases?, with large energy gaps, a vibration 
can last for as much as 10 s (N2) or 6 s (CO), and not merely 
1n dilute gases as Banks, Callomon and Vernon claim but at 
1atmand 0^ C Ina liquid, relaxation is faster because of the 
100-fold increase in collision rate, but its mechanism ıs the 
same An answer to the problem therefore is to select (or 
evolve) an environment for a vibrating bond in which trans- 
lational motions are cut to a minimum, rotations are prevented 
and neighbouring bonds are far from resonance I am postu- 
lating'*? that a special site has evolved in a protein for this 
function, this is by no means impossible It ıs well known? 
that proteins have hydrophobic cores and that enzymes need 
to hold substrates ın such pockets to work at all The figure 
of 10-7 s I suggested!’ for the relaxation time was conserva- 
tive Apart from this point, my model depends less on the 
absolute lifetime of the state than on the relative rapidity of 
resonant energy transfer (~10-!*s) Thus there 1s no need to 
invoke new principles in this model, but only to make use of 
what ıs already well known ın other fields 
Banks, Callomon and Vernon* have also criticized my 
statement of the Second Law of Thermodynamics on the 
grounds that I was only led to maké@ it because I assumed 
a priori that ATP can store energy This was not the case, in 
fact I was led!:? to restate the second law to solve the problem 
raised by Popper?, namely to find a statement consistent with 
Brownian motion and thus applicable at the molecular level 
This was achieved? by defining stored energy and heat relative 
to the cycle time of the machine which attempts to use these 
energies In effect (but not, I think, explicitly) spectroscopists 
have been doing this for years Experimentally there are many 
processes (such as fluorescence, phosphorescence, chemilumin- 
escence and photosynthesis) that trap and store energy in 
single molecules!? I am merely suggesting that ATP stores 
energy in a similar way 
I thank Drs W B Leib and R Mendelsohn for discussions 
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Modern Crystallography 


X-ray Crystallography An Introduc- 
tion to the Theory and Practice of 
Single-crystal Analysis By G H W 
Milburn Pp 217 (Butterworth 

London, December 1972) £6 


Chemical Crystallography Edited by 
Monteath J Robertson Consultant 
Editor A D Buckingham (MTP Inter- 
national Review of Science) Pp 346 
(Butterworth London, University 
Park Baltimore, 1973) £10, $3450 e 


THESE two books aim to bring crystallo- 
graphers up to date in the application 
of their art to the discovery of the 
arrangements of atoms in crystals Mil- 
burn's book on the methods, Robert- 
son's on the results in recent years 

Milburn describes the experimental 
methods, both photographic and photon 
counter, by which the positions and ın- 
tensities of the many diffracted beams of 
X rays from a crystal are measured, 
and guides the would-be structure solver 
through the various interpretative 
methods which have been evolved to 
convert the set of experimental data into 
a three-dumensional electron density 
map revealing the positions of the atoms 
His book 1s essentially a handbook for 
students learning the art, and to this 
end the arrangement of topics broadly 
follows the lines of aneactual investiga- 
tion 

The preliminary chapter on basic con- 
cepts is more in the nature of a summary 
of what is to be found ín standard text- 
books of X-ray crystallography than a 
thorough exposition It 1s too short and 
condensed for beginners , there are not 
enough diagrams, and some of those 
present are not very well drawn  Stu- 
dents starting on the subject would 
therefore be well advised to go else- 
where for the foundations The rest of 
the book, however, should serve the 
student well, it contains a great deal 
of practical advice which should smooth 
the path of investigators handling crys- 
tals and diffraction apparatus for the 
first time and attempting the exacting 
art of interpreting the mass of experi- 
mental measurements 

The treatment of  interpretative 
methods—the extraction of structure 
factors from the measured intensities, 
the unravelling of vector maps, the use 
of phase relations ‘between different 
diffractions to build up a sufficiently 
comprehensive set of phases to lead to 
an approximate structure, the use of 
anomalous scattering in noncentro- 
symmetric crystals, and fhe refinement 
of approximate structures—is adequate, 
though the arrangement of the material 


4 


IS sometimes less than ideal For ın- 
stance, the section on refinement comes 
before that on phase-relation methods 
of structure-solving, not at the end 
where it would be expected , and a wave 
diagram to explain the breakdown of 
Friedel’s law in noncentrosymmetric 
crystals comes, not at the beginning of 
the section on anomalous scattering, 
but halfway through it, after the princi- 
pal application has been considered In 
short, the essential information is all 
there, but not always arranged to form 
a smooth logical course of instruction 
It is also noticeable that the author relies 
more on algebraic formulations than on 
diagrams, this ıs a matter of personal 
taste—it would suit some students but 
not others 

The book edited by Robertson is a 
collection of essay-reviews on selected 
topics of chemical interest based on the 
results of crystal structure determina- 
tions in recent years All are written by 
well-known specialists in their respec- 
tive fields, and together they present an 
impressive body of achievement, under- 
lining the very great contributions X-ray 
(and electron and neutron) crystallo- 
graphy has made to our knowledge of 
molecular structure and of the signifi- 
cance of geometrical factors in deter- 
mining the properties of molecules and 
crystals 

Most of the chapters consist largely 
of brief mentions of series of structures, 
they will obviously be of great value to 
others working in the same or related 
fields The average reader's interest 1s 
more likely to be engaged by the result- 
ing generalizations in theories of chemi- 
cal bonding, or the properties in rela- 
tion to stereochemistry, or the methods 
and strategy of crystal structure deter- 
mination J C Speakman’s account of 
hydrogen bonding covers the history of 
ideas on the forces involved, and illus- 
trates several aspects of the phenomenon 
by suitable examples B A Frenz and 
J A Ibers, in a chapter on the struc- 
tural chemistry of transition metal 
complexes, choose two topics from 
this large subject—5-coordination, and 
nitrosyl complexes—and discuss the 
degree to which the results could have 
been anticipated from current theory, or 
failing this, by analogy with other 
known structurés* not yet adequately 
covered by theoretical concepts <A 
survey of investigations of crystal struc- 
tures in the USSR by B K Vainshtein 
and G N Tishchegko shows the wide 
range of structure types which engage 
the attention of Russfan crystallo- 
graphers S C Abrahams deals with 
cooperative phenomena in inorganic 


materials --magnetic ordering, dielectric 
properties, the only recently recognized 
phenomenon of ferroelasticity, and 
superconductive materials 

There are three chapters on substances 
of biological importance A., L Mathie- 
son, in a chapter on natural products, 
selects from this huge field the terpenes 
and steroids — Marjorie C Harding's 
review of large-molecule substances in- 
cludes examples of porphyrins and 
corrins, penicillins, cephalosporins and 
other antibiotics, peptides, sugars and 
nucleotides Protein crystallography is 
dealt with by T L Blundell and Louise 
N Johnson in what is one of the best 
essays 1n the book, the subject forms a 
more connected story than those of most 
of the other chapters, it is written in an 
engaging style, and the discussion goes 
beyond structure description to the rela- 
tion between structure and function 

The chapter on "direct methods" by 
J Karle and Isabella L Karle stands 
apart from the rest in that it reviews the 
structures which have been solved by a 
particular type of procedure which has 
been developed in recent years, largely 
by the Karles themselves By this pro- 
cedure, which uses phase relations 
between different diffractions, it 1s now 
possible to solve quite complex struc- 
tures without the aid of heavy atoms as 
phase markers The structures reviewed 
here form an impressive array, testifying 
to the power of the method 

The impression given by this:volume 
is of an explosion of information gained 
by crystallographic methods, the increas. 
ing availability of^ automatic. diffracto- 
meters and large computers, together 
with the phàse relation methods men- 
tioned in the previous paragraph, have 
increased the scope and very much 
accelerated the work involved in 
crystallographic methods, while the in- 
creasing use of anomalous scattering 
effects has revealed the absolute con- 
figuration of many dissymmetric mole- 
cules CHARLES W BUNN 


The Responsible Brain 


The Conscious Biain By Steven Rose 
Pp 351 (Weidenfeld and Nicolson 
London, M&y 1973) £495 


Tus is an idiosyncratic book, which is 
a good thing It is also a book which 
seeks to expose some of the social reper- 
cussions of brain research, which 1s an- 
other good thing Steven Rose's main 
interests in the past few years have 
been the brochemical and neurophysio- 
logical basis of the brain's adaptability, 
and the social and political aspects of 
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science In case anyone should think 
from the title that this book 1s going to 
aluminate the neurological basis of 
consciousness, I should warn them The 
title The Conscious Brain seems to serve 
not as an indication of the book's subject 
matter, but as a slogan expressing these 
interests of the author and his view that 
brain research ıs important but that the 
practitioners of this research should be 
consciously responsible for the conse- 
quences of their work 
The political and social targets are 
mostly fairly obvious for example, the 
relationship between the extensive fund- 
ing of work on synaptic function and the 
development of nerve gases, the drug 
scene, the IQ debate, the immorality of 
certain kinds of pharmacological or 
neurophysiological assaults on people, 
and society's attempt to neutrale the 
discontented or rebellious by categoriz- 
ing their behaviour as mental illness, 
or labeling it with pseudo-scientific 
terms like minimal brain dysfunction 
But for a book which has social com- 
ment as one of its major concerns these 
matters are treated rather too briefly 
and without much documentation 
Unfortunately, the parts of the book 
dealing with experiments and theories 
of brain mechanisms are even more dis- 
appointing Nor does Rose's mode of 
literary expression help very much We 
read that "Homo sapiens appears at the 
top of [the] league chart" of neuronal 
connexions, and that "even at 15 mm 
in length the embryo is gathering itself 
together for its spurt towards sentience" 
We are continually told that this or that 
piece of research is striking, dramatic, 
astonishing, remarkable, — intriguing, 
tantalizing, and so on What Rose 
often fails to do 1s to write abont the 
research in sufficient detail, or with suffi- 
cient explication of its theoretical basis 
or implications to make it appear 
striking, intriguing or whatever to the 
reader, relying instead on the mere 
assertion Vision, for example, 1s given 
the necessary couple of pages, with 
recognition of the letter “A” explained 
thus “This 1s not the point at which 
to enter into the complex perceptual, 
psychological and philosophical argu- 
ments about what constitutes ‘A-ness’ 
But it seems reasonable to assume 
that there are present in the visual 
cortex classificatory cells, which are 
responsible both for the learning of a 
particular input—that of ‘A’, for 
example—and later for its recognition 
in a variety of guises” Sb much for 
vision The next subject 1s the cere- 
bellum, which we are told has been 
subjected to a remarkable piece of ana- 
lysis (see appendix 3) or should that read 
(contd p 94)? s 
The main point Rose wishes to mak 
1s that synapses and their modification 
provide the key to understanding the 
brain “It 1s not too strong to say that 


the evolution of humanity followed the 
evolution of the synapse” Further on, 
summuing up his proposal that “learning 
represents the opening up of new func- 
tional pathways” and that these path- 
ways or neural networks must be 
diffusely distributed, he remarks, “I do 
not think that there are any phenomena 
of memory which cannot be explained 
by this redundant network / modifiable 
synapse theory" The trouble is that 
there 1s not a great deal more discussion 
of what the phenomena of memory are 
than there was of the phenomena of 
perception, and nothing that constitutes 
an explanation of them It all strikes 
one rather as if rt had been asserted 
that there are no phenomena of litera- 
ture that cannot be explamed by the 
“ink marks on paper” theory 

In the final chapter Rose upbraids 
the holders of views which he regards as 
inadequate or, worse still, irresponsible 
those who see man merely as an animal, 
those who see him as a machine, and 
those who argue against a rational basis 
for the mind Again one looks forward 
to finding some fresh insight into these 
issues, but again one is a bit dis- 
appointed for example, “In a sense it 1s 
because Skinner is nearly right 1n some 
things that he ıs so fundamentally in 
error overall" Few people will find 
this kind of rhetoric any more compel- 
ling 1n a book on science than they do 
in a political speech It seems regret- 
table because Rose raises quite a lot 
of questions which do have real interest, 
and often there are substantial and 
important thmgs to be said about them 
Perhaps, then, this is a good book for 
those who like to think for themselves 
They can fill in some of the substance 
that Rose leaves out 

KEITH OATLEY 


Sea Mammals 


Functional Anatomy of Marine 
Mammals Edited by R J Harrison 
Pp xvu+451 (Academic New York 
and London, December 1972) £7 50 


THE past decade has seen a consider- 
able expansion of studies of marine 
mammals, covering a wide range of 
disciplines This volume 1s the first of 
a series and includes eight varied papers 
on functional anatomy It 1s a “muxed 
bag” of papers, unconnected by an 
obvious common theme, except that 
they deal with marine mammals, so the 
reviewer's task 1s not easy 

The volume 1s prefaced by a rapid 
review of some historical landmarks in 
the study of marine mammals An 
excellent. acc8unt of growth and 
development by M_M Bryden follows 
It 1s a tour de foPcé covering all groups 
of marine mammals and including 
detailed reviews of general growth, as 
well as tissue and organ development 
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The seals are particularly interesting 
because they are born on land, but sub- 
sequently spend most of their lives in 
water This switch of environments 
necessitates anatomical and physiologi- 
cal adjustments which involve changes 
1n relative growth affecting such compo- 
nents as muscle, fat, blood and eyes 

J E King presents a detailed study 
of skull growth of southern elephant 
seals The skulls of a number of other 
species are then compared and an 
attempt made to correlate deviations 
from the normal pattern with the 
ammals’ way of Life 

More than a quarter of the book 1s 
taken up by a detailed review, by P J 
Morgane and M S Jacobs, of the com- 
parative anatomy of the cetacean 
nervous system which is very specialized 
and unlikely to appeal to readers with- 
out a particular interest in comparative 
neurology F Ramprashed and others 
contribute an account of the anatomy 
of the phocid ear Comparisons are 
made with man, with other seals and 
with whales, and adaptations to aquatic 
life are discussed Seals emit sounds at 
ultrasonic frequencies and may use 
them m their hearing mechanism, but 
it has not yet been demonstrated that 
they employ this mechanism for echo- 
location A particularly interesting com- 
plementary paper by C A Repenning 
1s concerned with the problems of 
directional hearing by pinnipeds in 
water F J Taraso considers the 
adaptation of the hind limbs of .otters 
and seals to life on Jand and m the water 
and thermoregulation problems are 
defined and discussed 

Finally, Harrison and others contri- 
bute a lengthy account of reproduction 
and gonad appearance in some toothed 
whales The data from more than four 
hundred small odontocetes are ex- 
tremely valuable but this chapter 1s too 
discursive, and would have been short- 
ened and improved by further analysis 
Nonetheless much of this material is 
unique and it 1s an achievement to have 
brought it together ` 

The book ıs well produced, wıth some 
outstandıng contributions, few typo- 
graphical errors and clear illustrations 
It should be in general Iibraries, but not 
many workers will be able to afford 
personal copies R M Laws 


Particle Kinematics 


Particle Kinematics By E Byckling and 
K Kayante Pp 1x+319 (Wiley- 
Interscience London and New York, 
Apri, 1973) £750 

A VOLUME on particle kinematics 1s 
perhaps a httle different in structure 
from the average book met by the physi- 
cist Usually the development of one 
aspect of a subject, whilst dependent on 
some basic core material, 1s not of vital 


L 
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consequence to other aspects of the 
subject The serial nature of the 
material presented in this book is in 
striking contrast with this pattern In 
consequence the authors have a more 
onerous task the value of their work 
depends much, not on their most lucid 
chapters, but on their least It ıs also 
demanding of the reader, for although 
the breadth of the subject matter 1s 
limited, the comprehension of one 
chapter 1s often essential to an apprecia- 
tion of subsequent material 

The core of the subyect—special rela- 
tivity and the concepts of phase space 
—4s summarily reviewed in the opening 
chapters This is but a prelude to the 
bulk of the book which concerns itself 
with the application of these basice 
principles to two particle final state 
decays, through ever more complicated 
systems and culminating in chapters 
dealing with interactions involving 
multiple particle production and “inclu- 
sive” reactions where the final state 
particles are not completely identified 
The work ıs concluded by a rather ıso- 
lated chapter on numerical methods of 
phase space integration Much of the 
content of the book is of quite recent 
origin and 1s well referenced throughout 

The development of the material is 
logical and satisfying Each successive 
chapter deals with an increasingly com- 
plicated system and 1s neatly integrated 
with both its predecessor and successor 
It ıs this thorough, systematic, ‘“‘one- 
dimensional” development of the 
material which 1s both a disadvantage 
and yet its raison d'étre The text 1s 
usually clear but always concise and, 
in a few places, perhaps a little too 
abbreviated Thus the student may 
sometimes find his comprehension of 
the subsequent development decidedly 
impaired It ıs just this coherent 
approach, however, together with its 
inclusion of more recent work, which 
distinguishes it from the few other 
volumes written on the subject and 
demands its careful perusal 

The formal nature of the book leads 
to something of a dearth of examples in 
the text This 1s partially relieved by 
a generous series of exercises associated 
with most sections of the work It is 
not completely satisfactory, however, 
and many readers—especially the less 
theoretically minded—will wish that a 
little more assistance was provided in 
the use of the material discussed 

The authors have supposed that the 
book will be of value to senior under- 
graduate and postgraduate students It 
1s probable that such students have not 
specialized their studies and many of 
them will find the brevity of the intro- 
ductory reviews of relativity and— 
especially—phase space, inadequate to 
prepare them for thé succeeding 
chapters 

In fact the volume ıs essentially 


‘superficial judgments 


directed at the student theoretical physi- 
cist, who will find this an elegant treatise 
—although he may be disappointed that 
spin has been entirely omitted from 
consideration The experimentalist, on 
the other hand, will also find 1t a most 
rewarding book, although he may well 
prefer the less formal, less demanding 
(but less complete) approach of some 
earlier authors R M BULL 


Social Anthropology 


Anthropologists and Anthropology The 
British School 1922-1972 By Adam 
Kuper (Allen Lane London, April 
1973 ) £3 50 


Tuis book, purporting to be an intel- 
lectual history of British social anthro- 
pology over the last half century, 1s a 
disaster equalled 1n recent years only by 
Marvin Harris’s The Rise of Anthro- 
pological Theory which it resembles ın 
its lack of attention to facts and its 
However, its 
success 1s assured, for 1t has a perky style 
and the way ın which irksome compli- 
cations are ironed out by massive 
generalizations will make it appear to 
the mediocre student a heaven-sent 
source of all that needs to be known 
on the subject Herein lies the disaster 

The year 1922 1s an important date in 
the development of British social an- 
thropology, for ıt was the year 1n which 
both Malinowski and Radchiffe-Brown 
published their first field monographs 
From then on one or other of these 
two figures dominated the subject in 
Britain until the Second World War, 
and both have had a lasting influence, 
for good or ill, on the subject It is 
appropriate therefore that a large pro- 
portion of this work should concentrate 
on these two men, and there 1s an argu- 
able case for a full-scale study of their 
work and influence Dr Kuper comes 
nowhere near providing such a study, 
and one might compare ıt with Lukes’s 
recent intellectual biography of Durk- 
heim 1n order to show this 

The author’s failure to deal ade- 
quately with the interwar period when 
social anthropologists were so few 1s not 
a good omen for his attempts on the 
postwar years during which the num- 
ber of practising anthropologists grew 
enormously Indeed his difficulties be- 
come worse and worse, and he 1s left 
with either making little more than a 
catalogue of names and titles of books 
or resorting to sweeping statements in 
which vital differences are submerged 
beneath a typology that includes such 
gross terms as the “Cambridge school”, 
"Manchester school” and*‘Oxferd struc- 
turalists” The author also sees the 
“professoriate” as ofi of the most ım- 
portant influences on thee development 
of social anthropology but if his 
ethnography of university departments 
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were a little better he would have found 
that the variation in their organization 
makes the notion as meaningless as 
would be using chiefship in a simular 
way 

Another curious feature of the book 
is Dr Kuper’s oddly anthropological 
approach, so closely has he drawn the 
boundaries round the community he 1s 
studying that 1t appears to be an isolated 
tribal society that exists 1n neither space 
nor time There 1s little attempt to 
examine the external intellectual ın- 
fluences at work on members of this 
community To take but one example, 
nowhere 1s there any indication of the 
tremendous influence and stimulus that 
Lévy-Bruhl's work was to  Evans- 
Pritchard The author's failure to allow 
for this and for other influences results 
in his presenting Evans-Pritchard as a 
far more Radcliffe-Brownian than a 
balanced approach would allow For 
example, there ıs Evans-Pritchard’s 
quite explicit criticisms of Radcliffe- 
Brown in 1928, and this from an indi- 
vidual who for years made his criticisms 
implicit 7 

This book ıs not simply bad for the 
students who will rely on ıt, but ıt does 
a disservice to the subject, for the out- 
sider who reads 1t would have to assume 
that social anthropology was devoid of 
intellectua] content PETER RIVIÈRE 


Inorganic Spectra 


Inorganic Infrared and Raman Spectra 
By S D Ross Pp xm+414 (McGraw 
Hil London and New York, Septem- 
ber 1972) £8 


Tuis book consists of two parts, the 
first of which gives a résumé of the 
relevant theory, and the second and 
longer part of which is a review of the 
literature on the vibrational spectra of 
inorganic compounds There are also 
appendices (group character and corre- 
lation tables and so on) and extensive 
bibliographical and formulae indexes 
The first two chapters of part I outline 
point-group theory and the Wilson FG 
matrix method of frequency calculation 
A feature of the book is the amount 
of attention devoted to crystal spectra, 
and accordingly part I has a third chap- 
ter sketching site-group and factor- 
group analysis and methods of calculat- 
ing lattice frequencies The author dis- 
claims any intention of writing a text- 
book, and indeed the necessary com- 
pression of material 1n. part I makes it 
unhkely to be fully comprehensible to 
the uninitiated The outline of theory 1s 
also open to criticism in that, despite 
the author's declared interest 1n symme- 
try determination, it does not mention 
the degree of depolarization of Raman 
lines or infrared dichroism 

Siebert's similar book (1966) reviewed 
the literature up to a little beyond 1964, 
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and the second edition of Nakamoto’s 
book (1970) brought the coverage up 
to the end of 1967 Now Dr Ross has 
extended it by a further three years In 
accordance with his interest in crystal 
spectra, the first section of part II con- 
cerns compounds which must be re- 
garded as having no discrete molecular 
vibrating unit Succeeding sections deal 
with molecules and ions containing up 
to eight atoms, or in some cases more 
The literature references (1,916 1n num- 
ber) are listed according to first authors, 
and there ıs a formula index arranged 
according to number of atoms and for- 
mula type Researchers in this field will 
find it useful to have a literature review 
of this kind in a single book However, 
the first four volumes of the Chemucal 
Society Specialist Reports (The Spectro- 
scopic Properties of Inorganic and 
Organometallic Compounds) have also 
reviewed the literature up to the same 
date as has Dr Ross As long as the 
Chemical Society series continues, little 
call 1s likely for further books of the 
type which Dr Ross has written 

His book is excellently printed and 
produced The sole misprint noticed 
(preface, page x1) raised a smile, for ıt led 
to the statement that rotational modes 
for which the rotations are not free are 
called “liberations” (sic) 

L A WooDWARD 


Nonserial Problems 


Nonseriadl Dynamic Programming By 
Umberto Bertele and Francesco Brioschi 
Pp xn+235 (Academic New York 
and London, September 1972.) $13 95 


Tuis book deals with a combined dynamic 
programming and graph theoretic 
approach to optimizing the sum of 
functions of a set of variables which can 
take discrete values The simplest type 
of problem referred to 1s 


minx(f(X)) = ming (irf (X) 
where X= (xi, Xa, .. Xj, T={1, 2,. 
n— 1) Ale {xn Xii). 

This ts referred to as the serial uncon- 
strained optimization problem which is 
well known ın the dynamic programming 
area It 1s serial because the (xj) can be 
completely ordered and the dynamic 
programming formulation involves only 
one state variable at each stage. Jt 1s, in 
fact, 

Fy(xi) = mms, fixi 1,x4) + 

Fya(xy-13 nz kz2 

Fix)mfii) 
with miny,(F,(x,)) required 

The authors do not actually state this 
equation but the elimination process used 
1s equivalent First of all x, 1s eliminated 
by optimizing over xı when x» 1s fixed 
Then x; 1s eliminated and finally x, 1s 
eliminated : . 

The main purpose of the book 1s to 


generalize the above problem to ones in 
which X' does not take the above form 
Thus, for example, we might have 


X= (1, X2, Xa, Xa, Xs}, 
X! = (x, Xa, X3); 
X? = (x, Xa, Xa), 

X? = (xs, x4, Xs) 


Such a problem 1s a nonserial problem 

A similar dynamic programming elim- 
ination process is used, but in this case, 
when a variable is eliminated its inter- 
actions with other variables have to be 
considered Thus we see that. x, inter- 
acts with x2 and x4 because they appear 
in at least one of the component func- 
tions, x2 interacts with x1, x3, x4 because 
it appears ın component functions con- 
taining these variables; similarly x3 
interacts with xi, Xo, x4, Xs, while x4 
interacts with x2, x3, xs and xs interacts 
with x3, x, In solving this problem we 
can eliminate x, first of all grving rise to 
the optimization problem 


min, (f1(%1, xo, x3)) 


which 1s a function of x, and xa, say, 
hi(xa,xa) The original problem ıs then 
reduced to a similar optimization problem 
to the original with three component 
functions ın variables x2, Xa, Xa, Xs 
Having eliminated x;, 1f we now eliminate 
X2, it interacts with x4 and x4 and we find 
mins; (41 (%2,%3) + f2(x2,x3,x4)) which 1s a 
function /; of x4 and x4. The process 1s 
repeated A formal dynamic program- 
mung formulation exists, although the 
authors only do this implicitly in their 
calculations. 

A further extension 


1s to include 


constraints on some of the variables 
Now the above interaction concept has 
clear analogies with graphical methods 
and the following 1s an interaction graph 
which is self 


of the above problem, 
explanatory. 





If we eliminate x3 first this 1s equivalent 
to deleting x3 and joining up all the others 
which interact with x; Thus we have 
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The process can be repeated until the 
graph 1s reduced to a single vertex 

So far this 1s fairly routine The central 
problem to which the book addresses 
itself 1s the one of determining the best 
elimination sequence from a computa- 
tional point of view The amount of 
computation at each stage (that 1s, 
elimination graph) depends both on the 
degree of a vertex (that 1s, number of 
interactions for that vertex for the specific 
elimination graph) and the number of 
values each vertex can take The book 
considers specific measures of computa- 
tional effectiveness and makes great use 
of the concept of dominance Thus if 
d- (di, da, d,) and d’=(dj, d, d,) 
aré the degrees of the vertices, ın the order 
1n which they are eliminated (that 1s, d, 
does not necessarily mean the i'^ variable), 
and relative to the elimination graph 
reached at that stage, then d dominates d’ 
if d, x d, for all and d; < d, for atleast one 
i: Dominance plays an important role in 
a special class of computational effective- 
ness functions, 5J 

The authors then proceed to examine 
the problem of determining good elimina- 
tion orderings as a problem in graph 
theory The theorems considered are 
given constructive proofs so that parti- 
cular properties of specific graphs can be 
made use of, in a clearly defined manner, 
in finding such orderings within the class 


3 


It ıs possible to formulate the secondary 
computational problem as an optimal 
route problem, with its own graphical 
representation The authors do this, but 
do not make use’ of it, for 1t 18 very easy 
to find the secondary problem more com- 
putationally burdensome than the primary 
problem 

In essence the previous paragraphs 
capture the general spirit of the book 
Additional aspects are special considera- 
tion of parametric problems (that 1s, those 
1n which particular variables are specified 
to take values in a given range, and the 
solutions are required relative to each 
such specification) for which dynamic 
programming has obvious advantages, 
and an extension from single variable 
elimination to block variable elimination, 
with corresponding treatment of the 
graph theoretic computational measures 
as with the single variable elimination 
process A limited amount of considera- 
tion 1s given to practical applications 

The book is very well written and 
amply illustrated The basic ideas are 
easy to follow, and, for the less mathe- 
matically inclined, an attempt to follow 
the ideas via the fílustrations themselves 
would be profitable The full compre- 
hension of the interpretation and proofs 
of the theorems requires a good back- 
ground in horticultural graph theory 
(flowers, bushes, trees, forests and so on) 
which are, however, defined 1n the appen- 
dix ` D J Ware 
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Tungus Black Hole? 


Sir,—The interesting suggestion of 
Jackson and Ryan that the Tungus event 
was caused by a black hole (Nature, 245, 
88, 1973) has a flaw If the postulated 
interstellar population of small black 
holes inhabits the Galaxy, their mass 
density ıs 210° Mo pc-? (assuming a flux 
of I per century over the Earth), which 
1s impossible A cosmological habitat ıs 
equally impossible Implausible alterna- 
tives are (1) Those objects are confined 
to the solar system (why? gathered 
somehow during formation?), their 
total mass ıs 210-7 Mo (2) These 
objects are much rarer, and the Earth is 
most fortunate to have received a visit 
in the last century (3) One can some- 
how make as large a bang with a much 
smaller black hole 


Yours faithfully, 
DoucLas M EARDLEY 


W K Kellogg Radiation 
Laboratory, 

California Institute of Technology, 
Pasadena, 

California. 91109 


Tungus Event 


Sır —In regards to an objection raised 
by Mr Eardley to the black hole ex- 
planation of the Tungus event, I should 
point out that we do not make a claim 
for there being a flux of 1 per century 
over the Earth In fact the only esti- 
mate of substellar mass black hole mass 
density 1s that of Hawking and others 
that ıt may be on the order of the 
cosmological mass defect 

A more serious question is why the 
object would have a velocity charac- 
teristic of the solar system Can this 
be due to a complex perturbative en- 
counter of the small mass with the 
Earth-Moon system? Would this ex- 
plam the strange discrepancy in the 
longitude of the Moon for the period 
of 1900 to 1920!? 


Yours faithfully, 
eA A JACKSON 
Department of Physics, 
The University of T exas at Austin, 


Austin, 
Texas 78712 


! Munk, W H , and MacDonald, G J F, 
The Rotation of the Earth (Cambridge 
University Press, 1960) 


Transcription Unit 


Sig—During the proceedings of the 
Thirteenth International Congress of 
Genetics ın Berkeley (August 20-29, 
1973) 1t became apparent that there 1s 
now a definite need to have operational 
terms for the units of transcription and 
translation, particularly in eukaryotic 
systems I suggest the terms ‘transcon’ 
and ‘translon’ for the units of transcrip- 
tion and translation respectively <A 
transcon—as presently understood by 
the work of people like Richard Firtel 
of the Massachusetts Institute of Tech- 
nology, Cambridge, and Brian McCarthy 
of the University of California, Santa 
Barbara—includes that segment of the 
total DNA sequence on a chromosome 
which 1s located between two spacer 
sequences, a spacer sequence consists of 
about twenty-five thymine-adenine base 
pairs (poly(A) in mRNA) A transcon 
has a total length of about 30,000 base 
pairs 1n insects and has alternating sets 
of repetitive and unique sequences of 
DNA A transcon thus has several 
structural genes (unique sequences) and 
1$ obviously different from a replicon in 
eukaryotes or an operon in prokaryotes 
A translon may be defined as the unit 
of translation at mRNA level It may 
be as small as a single gene, for example 
in the case of haemoglobin mRNA, or 
as large as a hundred or so genes, for 
example, perhaps, ın the case of histone 
mRNA 


Yours faithfully, 
SURESH C GOEL 


Department of Zoology, 
University of Poona, 
Poona 7 


Reprints for USSR 


SIR,—I have just today received a re- 
quest from Professor E M Nadgorny: 
of the Institute for Solid State Physics 
of the Academy of Sciences of the USSR 
1n Moscow for a reprint of one of my 
scientific articles as well as for exact 
details of speciaP Search techniques for 
digital computer simulation 

While requests of this sort are not in- 
frequent, in this instance I hefitated to 
send the informatiog gequested because 
of the recent increased repression of 
Soviet advocates of civil rights and of 
Soviet scientists who have applied for 
permission to emigrate to Israel. 


Because of the immediate dismissal of 
leading Soviet Jewish scientists and en- 
gineers from the professtonal positions 
and their virtual scientific ostracism fol- 
lowing such visa applications, I decided 
to adopt a different approach 1n sending 
the requested information in this par- 
ticular instance. 

I have written to Professor E M 
Nadgornyi and informed him that while 
I personally favour cooperation, col- 
laboration, and dissemination of infor- 
mation between scientists of all 
countries, J cannot condone the official 
attitudes of the Soviet government in 
respect of such noted scientists as Pro- 
fessors Lerner, Levich, and Sakharov 
I am, therefore, sending all of the infor- 
mation requested by Professor Nad- 
gornyi regarding special computer 
simulation techniques to Professor 
Aleksander Lerner, a noted cyberneticist 
and computer scientist I am informing 
Professor Nadgorny: that he can obtain 
these documents by contacting Professor 
Lerner, a fellow Muscovite 

I feel that this may be a very important 
method by which scientists and engineers 
in the western world can make ıt clear 
to their counterparts in the USSR that 
such repression of Soviet Jewish 
scientists and, indeed, of many Soviet 
civil rights activists such as Sakharov 
and Solzhenitsyn ıs counter to any 
East-West detente, be it political, cul- 
tural, or scientific I therefore urge 
others to follow my example in this 
matter of transmitting reprints and other 
information to the USSR 


Yours faithfully, 
Marc HERBERT RICHMAN 


Division of Engineering, 
Brown University, 
Providence, 

Rhode Island 02912 


Diving Terns 


Sm,—Dr Dynn’s observations on the 
diving success of terns! are very interest- 
ing, but I think do not take account of 
what may be the most important fish 
behaviour contributing to their surviving 
the unwelcome attentions of such birds 
of prey I refer to the "Mauthner 
Reflex", the startle-response of teleost 
fish, which *is discussed in detail else- 
where? A bird jn free-fall from a height 
of 10 m weuld, after hitting the water, 
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take some 40 ms to arrive at a fish 
swimming 05 m below the surface 
(longer than this 1f the impedance of the 
water is allowed for) The shock wave 
set up by the bird, however, would reach 
the fish 1n considerably less than 1 ms, 
and in a good-sized fish the sequence 
activation of the VIII nerves ——» actı- 
vation of Mauthner neurones —-» actı- 
vation of motor neurones —— onset of 
tail flip, would take up not more than 
15ms Thus the almost inevitable reflex 
movement of the fish would certainly 
have begun at the time the bird arrived, 
and on its completion the fish would be 
displaced by an amount approximately 
equal to its own length from the position 
1t occupied when the bird hit the water 
(*Purposive" escape-swimming would 
usually follow the success of such an 
evasive but automatic reflex response ) 

Whether or not the bird catches the 
fish would be very much influenced by 
the depth of the fish, the speed of the 
bird hitting the water, the momentum 
and direction of its continued dive, and 
possibly optical stimul: to the fish, etc , 
the latter could, in theory, slightly 
advance the moment of excitation of 
the two Mauthner cells in the hind- 
brain, or influence which fired first, and 
thus which way the fish moved 
Yasargil and I have shown? that the 
interval between the firing of these cells 
is the all-important factor in eliciting 
the reflex response When both cells 
fire simultaneously or within about 
150 us of each other, no tail flip 
ensues, a mutual crossed inhibitory 
mechanism operates at every segment 
of the spinal cord Any factors which 
would make the excitability fluctuations 
(the synaptic noise) in the two Mauthner 
cells out of phase would increase the 
probability of the reflex being produced 
and vice versa Perhaps relatively calm 
conditions bias the situation m favour 
of the former probability, and there- 
after with increasing windspeed the situ- 
ation 1s reversed, the 1n phase noise com- 
ponent would be increased, the two 
Mauthner cells would fire within the 
critical 150 us period, and the tail flip 
would not operate However, the other 
suggestions made by Dunn are probably 
valid, and 1t seems likely that the charac- 
teristics of the Mauthner reflex are 
among a number of factors which affect 
the survival chances of the fish, albeit 
the most important 


Yours faithfully, 
JACKe DIAMOND 


Department of Neurosciences, 
McMaster University, 
Hamilton, Ontario L8S 4J9 


1 Dunn, E. K , Nature, 244, 520 (1973) 

? Diamond, J, in Fish Physiology, The 
Mauthner Cell (edit by Hoar, W S , and 
Randall, D J), 5 (Academic, New York 

,and London, 1971) 

3 Yasargil, G M , and Diamond, J , Nature, 

226, 241 (1969) . 


Announcements 


University News 


Dr A. Ozin, University of Toronto, has 
been awarded the Meldola Medal and 
Prize for 1972 of the Royal Institute of 
Chemistry. 


Drs M. J. Owen and R. G. Rose, Uni- 
versity of Nottingham, have been awarded 
the 1972/73 Novadel Prize. 


Appointments 


Professor A D. Baddeley, University of 
Stirling, has been appointed Director 
of the Medical Research Council’s 
Applied Psychology Unit. 


Sir Michael Clapham has been re- 
appointed Chairman of fhe Council for 
National Academic Awards. The following 
have been appointed members of the 
Council: Sir David Barran; Mr S. T. 
Broad; Dr A. H. Chilver; Dr Patricia H. 
Clarke; Mr D. Davis; Professor L. A. 
Gunn; Mr T. McI Howie, Dr Ian M. 
Mackintosh, Professor G. D. S. Mac- 
Lellan; Professor D. G. MacRae; Dr R. 
G. Murray; Mr T. B Owen; Professor A. 
M. Ross; Miss A. C. Shrubsole; Professor 
J. E. Salmon; Mr S. W. Smethurst; Mr 
K. S. Toft; Rev G. Tolley; Mr G. R. 
Tyler; Professor M. Zinkm. 


The following have been appointed 
members of the Nuclear Power Advisory 
Board. Lord Aldmgton; Mr A. E. Hawkins; 
Sır John Hill; Sir Peter Menzies; Dr A. W. 
Merrison; Mr R. V. Moore; Mr J. R. S. 
Morris; Lord Penney; Mr F. L. Tombs. 


Miscellaneous 


The Headquarters Office of the Public 
Health Laboratory Service Board has 
moved to Lower Entrance, Colindale 
Hospital, Colindale Avenue, London NW9 
5EQ. (01-205 1295.) 


Ramsay Memorial Fellowships have been 
awarded to the following Mr H. J. L. 
Clarke, University of Strathclyde; Dr 
Hajime Kato, Cambridge University; Mr 
Jose Gonzalez, University of Sheffield. 


Corrigendum 


IN the article “New Antibacterial Agent 
via Photofluorination*¢f a Bacterial Cell 
Wall Constituent” by J Kollonitsch et al 
(Nature, 243, 346, 1973) the first sentence 
in paragraph 5 should read “The assigned 
structure 1s in agrgegnent with (a)ePMR 
spectrum (60 MHz, D;O/DC]) two 
multiplets (CH.) centred at 53 ppm 
Gu-r 47), two multiplets (CH) centred 
at465ppm (502 and 428 ppm)” 
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Errata 


IN the article “Embryonic and Adult 
Chymotrypsins of Chicken Pancreas”, by 
A Cohen and R G Kulka (Nature, 244, 
97, 1973), line 3 of the legend to Fig. 1 
should read“ | chymotrypsinogens from 
a, 19-d-old embryo " instead of 
s 10-d-old embryo " 


IN the article “Immunological Relation- 
ship of DNA Polymerase from Human 
Acute Leukaemia Cells and Primate and 
Mouse Leukaemia Virus Reverse Tran- 
scriptase", by G J Todaro and R Gallo 
(Nature, 244, 206, 1973), the symbols 
were omitted from the legend to Fig 3 and 
should read as follows **&, Effect of anti- 
body (IgG) prepared “against reverse 
franscriptase of gibbon ape leukaemia 
virus on acute leukaemic cell polymerase; 
A, effect of control sera (pre-immunized 
animal) on human leukaemic cell poly- 
merase, O, effect of antibody (IgG) pre- 
pared against reverse transcriptase of 
FeLV on human leukaemic cell poly- 
merase ^ 


International Meetings 


November 1-3, Magnetospheric Cleft 
Symposium (American Geophysical 
Union, 1707 L Street, N W , Washington 
D C. 20036) 


November 1-6, The Royal Society Meet- 
ings (The Royal Society, 6 Carlton 
House Terrace, London SW1Y 5AG, 
01-839 5561, ext 278) 


November 2-4, Management for Quality 
(The Meetings Secretary, The Institution 
of Metallurgists, Northway House, High 
Road, Whetstone, London N20 9LW) 


November 3, Geologic Data Analysis 
with Computers (Dr D F Merriam, 
Department of Geology, Syracuse Uni- 
versity, Syracuse, New York 13210, 
USA) d 


November 4—7, Transport, Survival and 
Fertilizing Ability of Spermatozoa (Pro- 
fessor C Thibault, Station de Recherches 
de Physiologie Animale, INRA, 78350 
Jouy-en-Josas, France 


November 5-6, Biochemical Society Meet- 
ing (The Meetings Officer, The Brochemi- 
cal Society, 7 Warwick Court, High 
Holborn, London WCIR 5DP) 


November 5-6, Forward Planning in the 
Service Sectors (Forward Planning Sym- 
posium, Science Policy Foundation, 
Benjamin Franklin House, 36 Craven 
Street, London WC2N 5NG) 


November 5-7, Normal and Osteoarthritic 
Cartilage (The Secretary, Professorial 
Clinical. Unit, Institute of Orthopaedics, 
Stanmore, Middlesex HA7 4LP) 


November 8, Analytical Chemistry in the 
Polytechnics (Society for Analytical 
Chemistry, Analytical Division, Chemical 
Society, 9/10 Savile Row, London 
WIX 1AF) 
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November 8-9, First Annual National 
Conference of the Institution of the 
Rubber Industry (Mr J Islip, Tyre 
Compound Laboratory, Tyre Technical 
Headquarters, Fort Dunlop, Erdington, 
Birmingham B24 9QT) 


November 8-13, 21st International Meet- 
ing of Communications and Transports 
(Segreteria Generale I I C , Villa Piaggio, 
Via Pertinace, 16125 Genova, Italy) 


November 9, Science Economics and 
Maritime Technology 1750-1850 (The 
Education Department, National Mari- 
tme Museum, Romney Road, Green- 
wich, London SE10 8NF) 


November 9, Symposium on the Mathe- 
matics of Telecommunications Traffic 
(The Secretary, Institute of Mathematics 
and its Applications, Maitland House, 
Warrior Square, Southend-on-Sea, Essex 
SS1 2JY) 


November 12-14, Evaluation of Product 
Performance (The General Secretary, 
Society of Cosmetic Chemists of Great 
Britain, 56 Kingsway, London WC2B 
6DX) 


November 13-15, Cryotech °73 (The 
Lawson Organisation, Green Dragon 
House, 64 High Street, Croydon CR9 
2UH) 


November 13-16, 19th Annual Con- 
ference on Magnetism and Magnetic 
Materials (F B Hagedorn, Conference 
Chairman, Bell Laboratories, Murray 
Hill, New Jersey 07974, USA) 


November 13-18, Interocean ?73 (Chair- 
man of the Organising Committee, 
o Prof Dr-Ing C Kruppa, Technische 
Universitat Berlin, Institut fur Schiffs- 
technik, 1 Berlin 10, Salzufer 17/19, 
telephone 03 11/3143411) 


November 14, The Revised Medical and 
Dental Code of Practice (J R A Lakey, 
Publicity Secretary, British Radiological 
Protection Association, c/o Royal Naval 
College, Greenwich, London SE10) 


November 15, Fatigue Behaviour of 
Composite Materials (The Meetings 
Officer, Institute of Physics, 47 Belgrave 
Square, London SW1X 8QX) 


November 15, Fatigue in Composites 
(Dr B Harris, Applied Sciences Labora- 
tory, Falmer, Brighton BN1 9QT) 

November 15-16, Electron Diffraction 
for the Investigation of Structure (The 
Meetings Officer, The Institute of Physics, 
47 Belgrave Square, London SWIX 8QX) 


November 15-16, Childhood Obesity 
(Stella Klemper, Institute of Human 
Nutrition, College of Physicians and 
Surgeons, Columbia University, 511 
West 166th Street, New York 10032) 
November 16-17, Genetical Society Meet- 
ing (Dr Derek A Smith, Genetics Depart- 
ment, University of Birmingham, PO 
Box 360, Birmingham, 15) 

November 19-22, 7th British Insecticide 
and Fungicide Conference (Conference 
Secretary, Mr W F P Bishop, Frank 


Bishop (Conference Planners) Ltd, 87 
London Road, Croydon CRO 2RF, 
01-688 4115) 


November 20-22, EURIM, A European 
Conference on Research into Management 
of Information Services and Libraries 
(The Conference Organiser, Aslib, 3 
Belgrave Square, London SWIX 8PL) 


November 20-22, An Analytical 
Symposium (Barrington G Lloyd, Press 
Officer, Pye Unicam Ltd, Cambridge, 
0223-58866, ext 369) 


November 21-24, 14th Seminar on 
Electrochemistry (The Director, Central 
Electrochemical Research Institute, Karat- 
kudi 623003, Tamil Nadu, India) 


November 22, Residual Stress Analysis 
(Dr B Singh, Fulmer Research Institute 
Ltd, Stoke Poges, Slough, Bucks SL2 
4QD) 


November 22-23, Advances in Avian 
Physiology (Dr Malcolm Peaker, The 
Zoological Society of London, Regent's 
Park, London NWI 4RY) 


November 23, 7th Croxson Memorial 
Lecture (Mr T M Calvert, c/o R H 
Harry Stanger, Summerfield House, 
Barnet Lane, Elstree, Herts) 


November 24, The Biological Basis of 
Deer Management (Dr D Chapman, 
‘Larkmead’, Barton Mills, Bury St 
Edmunds, Suffolk IP28 6AA) 


November 27-30, 5th International Sym- 
posium on Basic Environmental Problems 
of Man in Space (The Secretary, Inter- 
national Academy of Astronautics, 250 
Rue Saint-Jacques, 75005 Paris, France) 


November 28, Nicolaus Copernicus, 500th 
Anniversary (Dr T J Blachut, Head, 
Photogrammetric Research, NRC, 
Physics, M-36, Montreal Road, Ottawa, 
Ontario K1A OSI) 


November 29, Review of New Develop- 
ments in the Diagnosis and Management 
of the Hypertensive Patient (Office of the 
Director, The University of Texas Health 
Science Center at Houston, Division. of 
Continung Education, PO Box 20367, 
Houston, Texas 77025, USA) 


November 29-30, Chauffage Electrique 
et Mieux-Etre (J B  Daublam, Le 
Secretaire General, Comité Francais 
d’Electrothermie, 25 Rue de la Pepiniere, 
Paris-8e, France) 


Reports and Publications 


not included in the Monthly Books Supplement 


Great Britain and Ireland 


The Soil Survey of England, and Wales Annual 
Report for 1972 Pp 4 (Harpenden, Hertford- 
shire Soi Survey of Engiand and Wales, Rotham- 
sted Experimental Station, 1973 ) 1186 

National Museum of K& Eggs of British Birds 
By Colin Matheson and James A Bateman Sixth 
edition Pp 24 (Cardiff N@ational Museum of 
Wales, 1973 ) [186 

Building Research Establishment Digest No 154 
Local Housing Programmes Pp (London 
HMSO, 1973) Sp [186 
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Overseas Development Insutut. Annual Report 
for 1972 Pp 39 (London Overseas Development 
Institute, 10-11 Percy Street, W1, 1973) [196 

Innovation and Human Risk The Evaluation of 
Human Life and Safety ın Relation to Technical 
Change By Craig Sinclair, Pauline Marstrand and 
Pamela Newick (Scicnce Policy Research Unit 
University of Sussex) Pp 36 (London Gentre for 
the Study of Industrial Innovation, 162 Regent Street 
1972) £1 [206 

Department of the Environment, London Welsh 
Office, Cardiff Local Government Finance m Eng- 
land and Wales Consultation Paper Pp 6 
(London Department of the Environment, Cardiff 
Welsh Office, 1973) [216 

The Committee of Vice-Chancellors and Principals 
of the Universities of the United Kingdom A Com- 
pendium of University Entrance Requirements for 
First Degree Courses in the United Kingdom in 
1974-75, excluding degree courses for External Stu- 
dents Pp 325 (London The Association of Com- 
monwealth Universities, 1973 Published for the 
Committee of Vice-Chancellors and Principals ) 
£1 80 [216 


Research Using Transplanted Tumours of Labora- 
tory Animals—a Cross-Rcferenced. Bibliography—IX 
By D C Roberts and M Barton Pp 213 (Mill 
Hill, London Registry and Information Service for 
Fxperimental Tumours, Research Data Unit, Imperial 
Cancer Research Fund, 1973) 

Greenwich Time Report—Royal 
servatory Time and Latitude Service—1972, July- 
September Pp 297-312 (London Science Research 
Council, 1973) [226 

The Family Planning Association 41st Report and 
Accounts, 1972-73 Pp 32 (London Family Plan- 
ning Association, 27/35 Mortimer Street, W1 
1973) 26 

Potato Markeung Board Survey of Potato Re- 
search in the United Kingdom 1973 Pp 83 
(London Potato Marketing Board, 1973) (27 


Greenwich Ob- 


HM Customs and Excise Notice No 711 Value 
Added Tax—Scope and Coverage Revised edition 
Pp 90 (London HM Customs and Excise, 
1973 ) [27 

Council for National Academic Awards — Annual 
Report, 1971/1972 Pp 71 (London Council 
for Nauonal Academic Awards 3 Devonshire Street 
W1, 1973) 


Department of the Environment Housing Survey 
Reports No 9 House Condition Survey 1971— 
England and Wales Pp 23 (London Department 
of the Environment, 1973) 65p net [27 

PEP Broadsheet No 542 Personal Mobility and 
Transport Policy By Mayer Hillman with Irwin 
Henderson and Anne Whalley Pp vit+134 
Qongon Political and Fconomic Planning, 1973) 

[27 


The Family Planning Association 41st Report 
and Accounts, 1972/1973 Pp 34 (London 
Family Planning Association, 27/35 Mortimer Street 
W1, 1973) (27 

Advisory Committee on Oil Polluuon of the Sea 
Report for 1972 Pp 19 (Sandy Beds Advisory 
Committee on Oil Pollution of the Sea, 1973 ) [27 

Briush Universities Film Council Audio-Visual 
Materials for Higher Education Pp xx+221 
(London  Britush Universiues Film Council, Ltd 
72 Dean Street, W1, 1973) [2 

Inland Waterways Association 
Boats, Ely—3 to 6 August 1973 Organized by the 
IWA Cambridge Section Pp 60 (London The 
Inland Waterways Association, 1973) 20p [37 

Bulletin of the British Museum (Natural History) 
Entomology Vol 28, No The Genus Etiella 
Zeller (Lepidoptera — Pyralidae) a Zoogeographic 
Study, By P F S Whalley Pp 1-21+15 plates 
£260 Geology Vol 21, No Mid-Tertiary 
Cytherettinae of North-West Furope By M C 
Keen Pp 259-349+23 plates £460 Vol 23, 
No 3 A Review of Some English Palaeogene 
Nassarudae, Formerly Referred to Cominella By 

P Nuttall and J Cooper Pp 177-219+9 
plates £2 50 Zoology Vol 24, No 9 
Miscellanea Pp 423-474 £230 Vol 25, No 1 
On the Cichlid Fishes of the Genus Pelmatochromis 
with Proposal of a New Genus for P Congicus, 
on the Relationship Between Pelmatochronus and 
Tilapia and the Recognition of Sarotherodon as 2 
Disunct Genus A New Species of Cichlid Fishes 
of Rivers Quanza and Bengo Angola with a List 
of the Known Cichlidae of These Rivers and a 
Note on Pseudocrenilabrus Natalensts Fowler By 
E Trewavas Pp 1-37+1 plate £165 Vol 25, 
No 4 Biology and Fine Structure of Euglyphe 
Rotunda (Testacea Protozoa) By R H Hedley 
and C G Ogden Pp 119-137+7 plates £160 
Vol 25, No 5 A Revision of the Haplochromis 
and Related Species (Piscus — Cichlidae) from Lake 
George, Uganda By P H Greenwood Pp 139- 
242 £455 (London British Museum (Natural 
History), 1972 and 1973 ) [47 


1973 Rally of 


Beecham Group Annual Report for the year 
ended 31 March 1973 Pp 24 (Brentwood, Middle- 
sex  Beecham Group, 1973) [47 


University of Hull Department of Geography 
Miscellaneous Seres, No 14 A Cartographic 
Analysis of the Changing Bed of the Humber By 

R Wilkinson, G de Boer and A Thunder 
Vol 1 Text Pp 70 Vol 2 Maps, Diagrams 
and Tables (A Report to the Humber Estuary 
Research Committee ) (Hull Secretary, Department 
of Geography, The University, 1973) 

Science Research Council RHEL/R 270 The 
Work of the Rutherford Laboratory in 1972 Edited 
J R Smith and F M Tellin Pp 215 (Chiton, 
Didcot Berkshire Rutherford High Energy Labora- 
tory, 1973 Available from HMSO) £150 net [57 
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University of Cambridge Report of the Head of 
the Department of Engineering for the Academic 
Year 1971/1972 Pp 24 (Cambridge Department 
of Engineering, The University, 1973 ) {67 

Abstracts of Alternatives to Laboratory Animals, 
Vol 1, No 1, June 1973 Pp 1-149 Annual 
Subseripuon (two issues) £20, $45 (London 
FRAME—Fund for the Replacement of Animals in 
Medical "Experiments, 312a Worple Road, SW20, 
1973) [67 

Brush Overseas Trade Board Education and 
Training for Overseas Trade By David J Liston 
Pp v+61 (London British Overseas Trade Board, 
1 Victoria Street, 1973) 167 

Plant Breeding Institute Annual Report for 1972 
(Cambridge Plant Breeding Institute, 1973 ) 
£150 [97 

The River Foss from Yearsley Village to York 
Its History and Natural History By Michael G Fife 
and Peter J Walls Pp iv4-68 (York William 
Sessions, Ltd , The Ebor Press, 1973) £1 [97 

The British Society for the Promotion of Vegetable 
Research 23rd Annual Report of the National 
Vegetable Research Station, 1972 Pp 140 (Welles- 
bourne Warwick National Vegetable Research 
Station, 1973) 90p [97 

Flora of Tropical East Africa Edited by Dr 


R M Polhill Haloragaceae By R Boutique and 
B Verdcourt Pp 9  18p Escalloniaceae By 
B Verdcourt Pp 3  10p Lentibulariaceae By 
Peter Taylor Pp 26  30p  Montinaceae By 


B Verdcourt Pp 6 15p (London Crown 
Agents for Oversea Governments and Administra- 
tions, 1973 Published on behalf of The East 
African Community ) [97 


Other Countries 


Annals of the Transvaal Museum Vol 28, No 9 
A New Aberration of Nudaurella cytherea (1775) 
(Lepidoptera Saturbidae) By M A Van Den 
Berg Pp 113-115+1 plate Vol 28, No 10 The 
Biology and Distribution of the South African 
Iygaeinae, with Descriptions of New Species (Hemi- 
ptera Lygaeidae) By James A Slater and Bonnie 
Sperry Pp 117-201+1 plate (Pretoria Transvaal 
Museum, 1973) [206 

Stockholm International Peace Research Institute 
The Implementation of International Disarmament 
Agreements Pp 74 (Stockholm Stockholm Inter- 
national Peace Research Institute, 1973 ) [206 

First International Biomedical Engineering Work- 
shop Series Workshop II Assistive Devices for 
the Disabled, 21-27 May 1972, Dubrovnik, Yugo- 
slava Chairman and Editor Pierre Rabischong 
Pp vii+60 (Washington, DC The American In- 
stitute of Biological Sciences, 3900 Wisconsin Avenue, 
NW, 1973) $5 {206 

Swedish Natural Science Research Council 
Bulletins from the Ecological Research Committee 
No 18 Scandinavian Aerobiology Edited by Siwert 
Nilsson Pp 222 (Stockholm Swedish Natural 
Science Research Council, Wenner Gren Centre Box 
23136, 1973) [216 

Molecular Biology Reports, Vol 1, No 1, June 
1972 Editor-in-Chief H Bloemendal Pp 1-74 
Subscription price per volume of 500 pages Dfl 170 
(US$59 50), including postage Private persons Df 75 


(US $2550) (Dordrecht, Holland, Boston, USA 
D Reidel Publishing Company, 1973) [216 
United States Department of the Interior Geo- 


logical Survey Bulletin 1336 Precambrian Geology 
of the Northern Bradshaw Mountains, Yavapai 
County, Arzona By C A Anderson and P M 
Blacet Pp v+82+2 plates Professional Paper 
800-C Geological Survey Research 1972, Chapter C 
Pp v+281 $3 (Washington, DC Government 
Printing Office, 1972 ) [226 


Australa New South Wales Annual Report of 
the Department of Agriculture, 1971/1972 Pp 197 
(No 78) (Sydney Department of Agriculture, 
1973) [27 

The Tea Research Institute of East Africa 
Pamphlet No 21/73 Zinc Deficiency in Tea By 
I A H Tolhurst Pp 15 (Kericho, Kenya 
The Tea Research Institute of East Africa, 1973) [27 

Ontario Research Foundation 1972 Annual 
Report Pp 44 (Sheridan Park, Ontario Ontario 
Research Foundation, 1973 ) (27 

World Health Organization Technical Report 
Series, No 519 Cell-Mediated Immunity and 
Resistance to Infection—Report of a WHO Scientific 
Group Pp 64 (Geneva WHO, London HMSO, 
1973) 5 Sw francs, 65p, $150 [27 

National Geophysical Research Institute, Hydera- 
bad Annual Report 1971/1972 Pp 14-103 
(Hyderabad National Geophysical Research Inst- 
tute, Council of Scienufic and Industrial Research, 
1972 ) (27 

CERN—European Organizaion for Nuclear Re- 
search Annual Report for 1972 Pp 222 
(Geneva CERN, 1973) [37 


India Council of Scientific and Industrial Re- 
search Zoological Monograph No 2 Indian 
Sardines Their Biology and Fishery By R V 
Nar Pp 107 (New Delhi Publications and In- 
gaaon Directorate, CSIR, 1973) Rs22, £2 is? 


Program of Policy Studies ın Science and Tech- 
nology, The George Washington University, Wash- 
ington, DC Monograph No 15 Genetic Tech- 


nology Promises and Problems By Mark S 
Frankel Pp 1x+94 (Washington, DC The 
George Washington University, 1973) $3 [37 


International Union for Conservation of Nature 
and Natural Resources IUCN Publications, New 
Series, No 28 Papers and Proceedings of IUCN's 
Twelfth Technical Meeting, Banff, Alberta, Canada, 
12 to 15 September 1972 Edited by Hugh F I 


Elliott Pp 383 (Morges, Switzerland Inter- 
national Union for Conservation of Nature and 
Natural Resources, 1973) $6 [57 


Population Bulletin, Vol XXVIII, No 5 The 
Soviet Peoples—Population Growth and Policy Pp 


26 (Washington, DC Population Reference 
Bureau, Inc, 1755 Massachusetts Avenue, NW, 
1972) 50 cents [57 


New Zealand Department of Scientific and 
Industrial Research Triennial Report of the Botany 


Division, 1969/1971 Pp 64 (Christchurch, NZ 
Botany Division, Department of Scientific and 
Industrial Research, 1973) [57 


European Brewery Convention Report of the 
Barley Committee—Field Trials 1970 (Malted 1971) 
Pp Ixxxi--249 (Zeist, The Netherlands National 
Institute for Malting Barley, Malt and Beer, 
1973 ) 157 

Smithsonian Contributions to Zoology, No 147 
The Old World Stenomidae—a Preliminary Survey 
of the Fauna, Notes on Relationships, and Revision 
of the Genus Errogenes (Lepidoptera Gelechioidea) 
By W Donald Duckworth Pp 21 (Washington, 
DC Smithsonian Institution Press, 1973 For sale 
by US Government Printing Office) 30 cents [67 

Smithsonian Contributions to Zoology, No 140 
Studies of the Subtribe Tachyina (Coleoptera 
Carabidae Bembidim), Part I A Revision of the 
Neotropical Genus Xysfosomus Schaum Pp 39 
(Washington, DC — Smithsonian Institution Press, 
1973 ‘For sale by US Government Printing Office ) 
50 cents [97 

Corning Research 1972 Articles by Corning Glass 
Works Scientists Pp 216 (Corning, New York 
Corning Glass Works, 1973) [97 
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US Department of Commerce National Bureau 
of Standards NBS Special Publication No 236 
NBS Frequency and Time Broadcast Services Radio 
Stations WWV, WWVH, WWVB, and WWVL 
Edited by Peter P Viezbicke Pp m+15 (Wash- 
ingtan National Bureau of Standards, 1973 For 
sale by US Government Prinung Office) — 45 
cents [107 

Canada Department of Energy, Mines and Re- 
sources Geological Survey of Canada Paper 
72-32 Rocks and Minerals for the Collector—The 
Alaska Highway, Dawson Creek, British Columbia 
to Yukon/Alaska Border By Ann P Sabina Pp 
vii 4-146 (Ottawa Information Canada, 1973) 
$2 50 [107 

Science Council of Canada Annual Report, 1972/ 
1973 Pp 48 (Ottawa Information Canada, 
1973) [107 

Zoology Publications from Victoria University. of 
Wellington, No 62 Spawning and Development of 
the New Zealand Sprat, Sprattus antipodum (Hector) 
By Alan N Baker Pp 12 (Wellington, NZ 


Victoria University of Wellington, 1973 ) [107 

Monsanto Company 1972 Annual Report Pp 
30 1972 Annual Review Pp 26 (St Louis 
Misscur: Monsanto Company, 1973) [117 


Norges Teknisk-Naturv'tenskapelige Forskningsrad 
Arsberetning for Budsjettaret 1 January 1972-31 
December 1972 Pp xxxvi--270 (Oslo Norges 
Teknisk-Naturvitenskapelige Forskningsrad / Royal Nor- 
egian Council for Scientific and Industrial Research, 
73 ) [117 
US Department of Commerce National Oceanic 
and Atmospheric Admunistration National Ocean 
Survey Publication No 31-1 Surface Water 
Temperature and Density, Atlantic Coast, North and 
South America Fourth edition Pp 114-109 
S adn; DC Government Printing Office 1973 ) 
$ [127 
Ministry of Commerce, 
Indus'ry and Water Affairs Annual Reports of the 
Geological Survey and Mines Department for the 
years 1969 and 1970 Pp 61 Geological Map— 
South Ngamiland (Lobatse Geological Survey and 
Mines Department, 1973 ) [127 
Kaiser Foundaton Medical Care Program ‘72 
Pp 24 (Oakland, California Kaiser Foundation, 
1973) [137 
World Health Organization Technica] Report 
Senes No 524 Pharmacogenetics—Report of a 
WHO Scientific Group Pp 40 4 Sw francs, 50p, 
$120 No 525 Pesticide Residues in Food—Report 


Republic of Botswana 


of the 1972 Joint FAO/WHO Meeting Pp 47 
4 Sw francs, 50p, $120 (Geneva WHO, London 
HMSO 1973) [167 


First International Biomedical Engineering Work- 
shop Series Workshop III Technology for Mobile 
and Remote Medical Care Delivery, 15-21 October 
1972, Dubrovnik, Yugoslavia Chairman and Editor 
James L Craig Pp viuic72 (Washington, DC, 
American Institute of Biological Sciences, 3900 
Wisconsin Avenue, NW, 1973) $5 [167 

Background Study for the Science Council of 
Canada Special Study No 28 Education and Jobs 
—Career Patterns Among Selected Canadian Science 
Graduates with International Comparisons By A D 
Boyd and A C Gross® Pp 139 (Ottawa Informa- 
tion Canada, 1973) $225 [177 

Institut Royal Météorologique de Belgique Pub- 
Lcations, Série A, No 80 Special Analysis of 
Geomagnetic Data from One Station (Dourbes 1960- 
1970 By A De Vuyst and D De Meyer Pp 27 
(Uccle-Bruxelles Institut Royal Météorologique de 
Belgique, 1973 ) [177 

CERN—European Organization for Nuclear Re- 
search CERN 73-8 Study of the Present Extraction 
System for the CERN Synchro-Cyclotron By S 
Lindback Pp 43 (Geneva CERN, 1973) [177 








Subscriptions to NATURE 


Telephone Number 


Subscription Department, Macmillan Journals Ltd , Brunel 


Road, Basingstoke, Hampshire RG21 2XS 


Please send me 52 issues of NATURE starting with. the 


issue dated 


| enclose £16 (USA & Canada £20) (Prices applicable 
only to orders received before 31st December 1973) 


NAME 


ADDRESS 


, Postal/Zip Code 


Registered No 785998 Epgland 
Registered Üffice 4 Little Essex Street, London WC2R 3LF 





Editorial Department 


MACMILLAN JOURNALS LIMITED 
4 LITTLE ESSEX STREET, LONDON WC2R 3LF 
01-836 6633 


Telegrams Phusis London WC2R 3LF 
Telex 262024 


MACMILLAN JOURNALS LIMITED 
711 NATIONAL PRESS BUILDING 


WASHINGTON DC 20004 


Telephone Number 202-737 2355 Telex 64280 


Subscription Department 


MACMILLAN JOURNALS LIMITED 
BRUNEL ROAD, BASINGSTOKE, HANTS RG21 2XS 
Telephone Number Basingstoke 29242 


Display Advertisement Department 
MACMILLAN JOURNALS LIMITED 
4 LITTLE ESSEX STREET, LONDON WC2R 3LF 
Telephone Numbers UK 01—836 6633 USA 202—737 2355 


Classified advertisements 


T G SCOTT & SON, LIMITED 
1 CLEMENT'S INN, LONDON WC2A 2ED 
Telephone Number 01-242 6264/01—405 4743 


Telegrams Textualist London WC2A 2ED 
Registered as a newspaper at the Post Office 


Copyright © Macmillan Journals Limited, October 19 1973 


P 


NATURE OCTOBER 19 1973 


Classified Advertisements 


CONDITIONS All advertisements will only 
be accepted on the condition that the advertiser 
warrants that the advertisements do not in any 
way contravene the provisions of the Trade 
Descriptions Act 1968 and the Race Relations Act 
1968 The Publisher also reserves the right to 
refuse, amend, withdraw or otherwise deal with 
all advertisements submitted to him at his absolute 
discretion and without explanation All advertise- 
ments must comply with the British Code of 
Advertising Practice 

The Publishers will not be liable for any loss 
occasioned by the fatlure of any advertisement to 
appear from any cause whatever, nor do they 
accept liability for printers’ errors, although 
every care is taken to avoid mistakes 
Semi-displayed £750 per single. column inch 
Minimum £4 50, each additional 1/10ch of an inch 
75p Full page £202 00 Half page across £106 00 
25p ts charged for the re-direction of replies to 
advertisements with a box number 
ADVERTISEMENTS SHOULD BE ADDRESSED 
TO T G Scott and Son, Limited, | Clement's Inn, 
London, WC2A 2ED Telephone 01-242 6264 
Telegrams Textualist, London, W C 2 





APPOINTMENTS VACANT 


UNIVERSITY OF MANCHESTER 
INSTITUTE OF SCIENCE AND 
TECHNOLOGY 


CHAIR IN 
CHEMICAL ENGINEERING 


Applications are invited for the Chair in the 
Department of Chemical Engineering which 
has become available with the retirement of 
Professor Frank Morton 

Application. forms and further particulars 
may be obtained from the Registrar of the 
Institute, P O Box 88, Sackville Street, Man- 
chester, M60 tQD, to whom completed appli- 
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(1156) 


SENIOR 
EXPERIMENTS OFFICER 


Salary rising to £4,400 


STATES OF GUERNSEY 
HORTICULTURAL ADVISORY SERVICE 


Applications are invited for the post of 
SENIOR EXPERIMENTS OFFICER from 
science graduates with a knowledge of statis- 
tics and experience in research and experi- 
mental work, preferably in horticulture, and, 
more particularly, in glasshouse crops 


The successful applicant will be in charge 
of the Experiments Section of the Guernsey 
Horticultural Advisory Service experimenting 
mainly on the production of glasshouse vege- 
tables, cut flowers, and ornamental plants 


Contributory superannuation scheme 


Further details and application forms may 
be obtained from the Establishment Officer, 
Guernsey Civil Service Board, Grange House, 
St Peter Port 


Closing date for completed applications 
November 3, 197 (1097) 


ROYAL HOSPITAL FOR 


SICK CHILDREN 
EDINBURGH 


GRADUATE as TECHNICIAN, or Tech- 
nician, required to assist ın Cytogenetics Unit 
Experience an advantage but not essential as 
full training in cytogenetic techniques can be 
given e 


Applications, giving details of age, experience 
and qualifications, together wifh names of two 
referees, to the Secretary, Royal Hospital for 
Sick Children, 1 Rillbank Terrace, Edinburgh 
EH9 ILN, quoting Ref P56 (1148) 











REQUIRED BY THE 


OF THE UNITED NATIONS 


ONE AGRICULTURAL 


OFFICER 
(VECTOR ENTOMOLOGIST/ 
PATHOLOGIST) PHILIPPINES 


Vector Entomologist/pathologist for FAO 
post in Philippines to follow up recent cadang- 
cadang virus identification discoveries in 
coconut. Involves arthropod vector and trans- 
mission research and tramung. University 
degree and seven years experience in vector 
entomology/pathology, and command of 
English required. Spanish desirable. 


Send complete résumé to Personnel Officer, 
AGP, FAO, Via delle Terme di Caracalla, 
00100 Rome, Italy, quoting VA/1094/AGP/ 
202. 


Xl 
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Product Development Manager 


This is an opportunity for a man with experience in pharmaceutical product 
registration, clinical trials, medical information or technical services He 
will now be seeking wider horizons with greater responsibility in a position 
which will enable him to make a significant impact on the development of 
his company 


Our client is a major ethical pharmaceutical company, well-established in 

its home market and expanding rapidly throughout the world, with a 

recently-formed subsidiary in the UK This is a new appointment and the 

"P successful candidate will set up clinical trials, haise with the appropriate 

Clinical medical authorities and prepare product registration submissions He will 

» also produce technical literature, answer medical enquiries and co-operate 

Trials with the marketing department, including the training of medical represen- 
tatives s 


Ideally, candidates will be aged 28-35 with a degree in Pharmacy, Chemistry 
or a closely related discipline, with experience in this field A knowledge of 
French would be advantageous 


Product 
Registration 


The position commands a starting salary of around £3,500, together with 
a company car, and other benefits tncluding 4 weeks’ holiday The company 
ıs located to the west of London 


Medical 
Information 


If you meet our requirements and feel ready for a new challenge, write briefly, 
and in complete confidence, for an application form If you would like to discuss 
the position further, please phone 


Mr R A Forbes-Leith, 
Talentmark Limited, 


. 
Technical King House, 
. 5/11 Westbourne Grove, | “Te 1 t 
Services London W24UA | a C11 matr. 
Tel 01-229 2266 „2 Biomedical and Scientific Consultants 
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THE NATURE CONSERVANCY 
COUNCIL 


RESERVE WARDENS 
CHIEF WARDEN 


Applications are mvited for posts presently vacant 
on the Isle of Rhum, at Moor House NNR (Pennines) 
and elsewhere and also for vacancies expected to 
arse in 1974 

Applicants for the Warden posts should be over 
age 26 on December 31, 1973, with a strong interest 
in na ural history and some experience in routine 
estate work Ability to drive is essential 

Duties mclude making scientific observations under 
guidance, keeping records, supervising and carrying 


Head of 
Toxicology 


Department 


Smith Kline & French Laboratories Limited 1s a major international 
pharmaceutical company based in Welwyn Garden City, Herts Our 
Research Institute 1s undertaking an exciting and varied development 
programme 


An opportunity has arisen for an experienced Pathologist, Biochemust, 
Pharmacologist or specialist in a related discipline, to take over and lead 
our Toxicology department which is responsible for all toxicological 
studies necessary in the development of potential new drugs 


Applications are invited from graduates with several years’ post 
graduate experience in toxicology or other relevant discipline Famil- 
larity with the requirements of the drug regulatory authorities would be 
a distinct advantage 


Thys 1s a senior appointment and the salary will reflect this import- 
ance A company car will be provided All other conditions are also 
excellent, including, where appropriate, assistance with relocation 
expenses 

Please write, in the first instance, in confidence, to 


Mr P W. Woods, Recruitment Manager, 
SMITH KLINE & FRENCH LABORATORIES LIMITER, 
Mundells, Welwyn Garden City, Herts 


ee 
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out routine estate work Salary range £1,642-£2,278 
House provided or allowance in leu 

Applications are also mvited for one Chief Warden 
vacancy on the Isle of Rhum Conditions of eligibility 
are similar to those for Reserve Wardens but appli- 
cants must be at least 28 and have had considerable 
Sxpenence in this type of work Salary range £2,501- 

Further particulars and application form may be 
obtained by written application to The Nature 
Conservancy (W), 19-20 Belgrave Square, London 
SWIX 8PY, by Monday October 29, 1973 (1154) 





UNIVERSITY OF LONDON 
KING’S COLLEGE 
DEPARTMENT OF CIVIL ENGINEERING 


SCIENTIST OR MATERIALS 
TECHNOLOGIST 


to work with the 
CONCRETE RESEARCH GROUP 


Applications are invited for a post of Research 
Assistant to work with a group concerned with the 
Properties of concrete The project 15 sponsored by 
the SRC and the successful candidate will be 
mainly responsible for initiating experimental work 
on the structure and state of hardened cement paste 
He will be given considerable freedom to pursue new 
approaches to the problem, and should have wide 
experience of experimental techniques such as 
thermal analysis, a post-doctoral worker would be 
preferred * 

The appointment 1s for a period of up to three 
years The starting salary 1s £2,550 pa plus FSSU, 
and with annual increments of £165 

Applications, inctuding the names of two referees, 
should be sent to reach Dr J M Illston (N), Depart- 
ment of Civil Engmeering, King’s College, Strand, 
London WC2R 2LS, before October 31, s 2 Y 
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WB PHARMACEUTICALS 
PHARMACOLOGIST 


We have a vacancy in our Research Labora- 
tories for a Pharmacologist We are currently 
interested in the fields of thrombosis, obesity 
and CNS The person appointed would be 


required to examine new compounds for activity 
in these fields and to conduct wider pharmaco- 
logical investigations on drugs under develop- 
ment The position would suit a newly quali- 
fied graduate in Pharmacology or Physiology 


Apply in writing to the Head of the Research 
Laboratories, W B Pharmaceuticals, Halebank 
near Widnes, Lancs (1161) 


University of Bradford 
SENIOR EXPERIMENTAL 
OFFICER OR 


EXPERIMENTAL OFFICER » 


This post is concerned with research pro- 
jects ın electron microscopy in the Boards of 
Studies in. Physical Sciences and in Life Scien- 
ces An AEI 6B electron microscope freeze- 
etching unit and other ancillary equipment for 
biological research are available Candidates 
should be familiar with the specimens and 
general maintenance of the instruments used 
mainly in the field of Fibre Science and allied 
disciplines Salary on scale Experimental 
Officer £1,482-£2,388, Senior Experimental 
Officer £2 058-£2,718 Bar £2,883-£3,213 

Application forms and further particulars 
from Professor F Happey, School of Textile 
Science and Technology, University of Brad- 
ford, Yorkshire, BD7 1DP (Please quote ref 
T/SE03/X ) (1158) 


UNIVERSITY OF SURREY 


DEPARTMENT OF BIOCHEMISTRY 
and 
UNIVERSITY OF IBADAN 
INSTITUTE OF CHILD HEALTH 


LECTURER IN NUTRITION 


Applications are invited for a new post established 
in cooperation with the Inter-University Council for 
Higher Education Overseas to assist overseas univer- 
sities The person appointed will be a full member 
of the staff of the Biochemistry Department, Univer- 
sity of Surrey (Head of epartment, Professor 

V W  Parke, Professor of Human Nutrition, 
J W T Dickerson) in which he would sene on 
home duties, but he (or possibly at times another 
member of the department) would be expected to 
spend the greater part of his service on secondment 
in Nigeria establishing research in paediatric nutri- 
tion The appointment will be for a period of five 
years, terminable by six months’ notice by erher 
side After completion of the five-year period the 
appointee would become a home-based member of 
staff of the Biochemistry Department in the Univer- 
sity of Surrey 

The person appointed, who should have a higher 
degree in nutrition or biochemistry, will be required 
to initiate research in human nutrition and to con- 
tribute to the teaching of this subject Applicants 
should have 2 to 3 years’ relevant experience in this 
field, preferably with an interest in paediatrics 

The salary scale for Lecturers 1s £1,929 to £4,548, 
with membership of FSSU_ Salary and allowances 
while overseas would be appropriate to the particu- 
Jar assignment 

Further particulars of the post can be obtained 
from the Academic Registrar (LFG), University. of 





Overseas Development Administration 
Centre for Overseas Pest Research, London. 


Editor 


m Supervise production and publication of PANS, a quarterly 

journal devoted to crop protection in tropics. 

O rst/2nd honours degree © At least 4 years’ postgraduate experience, 

preferably in crop protection overseas 1 Editorial experience essential 
Age under 32 O Appointment for period up to 15 months [] Salary 

2790 p a (GG Ref SA/4/JAC Closing date 9 November 1973 

Application forms from the Admunistrative Secretary, 3/4/42, Foreign and 

Commonwealth Office, Overseas Development Administration, Centre for 

Overseas Pest Research, College House, Wrights Lane, London W8 5SJ 








Ministry of Agriculture, 
Fisheries and Food, Royal Botanic Gardens, Ardingly, Sussex 


Seet Collector 


E Control Seed Bank @ Organise collection of seeds E Develop 
research into storage factors affecting longevity. 

O rst/2nd honours degree or equivalent in Biology O At least 2 years’ post- 
graduate experience T] Age under 30 O Appointment as Higher Scientific 
Officer (£2076-£2667) O Ref SB/4/AH O Closing date 9 November 1973 


Senior Seed Tester 


E Organise and manage seed testing programme m Develop new 
testing methods li Evolve routine tests of stored seeds. 

C] Degree, HNC or equivalent ın Biology O Age under 27 O Appointment as 
Scientific Officer (£1318-£2177) O Ref SB/s/AH O Closing date 9 
November 1973 

© Application forms from Civil Service Commission, Alencon Link, 
Basingstoke, Hants RG21 rJB, telephone Basingstoke 29222, ext 500 or 
London 01-839 1992 (24 hour answering service) 
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UNIVERSITY OF GUELPH 


Director 


of the Center for 
Resources Development 


Applications are invited for the Directorship of the Center for Resources 
Development in the University of Guelph The Center 1s an interdisciplinary unit 
that promotes graduate study and research 1n resources development, especially 
but not exclusively ın relation to land use and environmental planning It operates 
as a unit under the Senate of the University, ın cooperation with academic depart- 
ments 


Surrey, Guildford GU2 5XH, telephone Guildford 
71281, extension 452 Applications, in the form of a 
curriculum vitae, together with the names and ad- 
dresses of two referees, should be sent to the same 
address by Friday, November 2 Interviews will oe 
held on November 20 (1226. 


ST MARY'S HOSPITAL 


MEDICAL SCHOOL 
(UNIVERSITY OF LONDON) 
Paddington, London W2 1PG 


Applications are invited for the new appointment of 


SENIOR LECTURER IN 
CLINICAL IMMUNOLOGY 


(Consultant grading) 


Applicants must be medically qualified and well 
grounded in immunology Duties will include the 
establishment and supervision of a diagnostic labora- 
tory and climcally orientated research Salary on 
the scale for Consultants, £5,084X£279 to £7,317 
and X£282 to £7599 pa together with superannua- 
tron under the FSSU 

Applications should be sent by November 15, 1973, * e 
to The Secretary, from Whom application forms and (115%) 
further particulars should first be obtained (1155) 





Duties of Director * To coordinate and administer the programmes of the Center, 
exercise general oversight of graduate students enrolled in the Center, and provide 
leadership ın developing the Center's activities He will hold an appointment in 
an academic department of the University e 


Qualifications, Ph D degree or equivalent, with appropriate experience 
Effective Date July 1, 1974, sooner if possible 


Term* Five years, weth possible extension upon review 


. 
: Salary. Negotiable 


e. 
Enquiries and applications should be addressed to Dr J, Percy Smith, Vice- 
President Academic, Unaversity of Guelph, Guelph, Onfario Closing date for 
applications 1s November 30, 1973 





oe 
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Pharmacologist 


£4-£5,000 per annum tax free 


A leading Spanish Pharmaceutical Company situated in the Mediterranean City of Barcelona, invites 
applications from pharmacologists for a post m the expanding Pharmacology Department of our Research 
Division The man we appoint will have a good honours degree in an appropriate discipline, a PhD 
in Pharmacology and a few years’ post-doctoral experience preferably in industry 


Specialisation in one particular field 1s not essential although experience ın cardiovascular or central 


nervous system pharmacology would be an advantage 


Our Pharmacology Department 1s moving into 


new laboratories before the end of the year and the facilities and working conditions are excellent 


Knowledge of Spanish ıs not initially essential but the successful candidate must be prepared to 
acquire adequate fluency in this language over a period of two years 


Applications in writing, with full curnculum vitae, should be addressed to 


Apartado de Correos 1583 
BARCELONA-SPAIN 





UNIVERSITY OF SURREY 


Department of Civil Engineering 


TECHNICIAN Grade 6 


—Construction Materials Laboratory £2370-£2874 


Applications are invited for the appointment of a Technician to be responsible 
for the day-to-day running of a major laboratory used for teaching and for 


research 


The laboratory 1s well equipped with a range of complex testing machines and 


associated electronic equipment 


The man appointed will be responsible for their 


maintenance and for the supervision of supporting technical staff 
The main emphasis in the faboratory 1s on concrete technology but prior experi- 


ence in this field 1s not an essential requirement 


However, applicants will be 


expected to have an HNC or equivalent, several years’ experience of laboratory 
work, an aptitude for constructing prototype equipment, and to show evidence 
of organizing ability 


TECHNICIAN Grade 4 


—Soil Mechamcs Laboratory £1848-£2163 


Laboratory Technician required to assist a research team and postgraduate 
students ın the Soil Mechanics Laboratory in the above Department 
Previous laboratory experience involving servicing, testing, and the operation 


of basic laboratory equipment essential 
an advantage 


Experience 1n Soil Mechanics Laboratory 


The man appointed will be required to pay particular emphasis to detail, show 
jmtiatve, and have good organizational ability 
Application forms may be obtained from the Assistant Secretary (Personnel), 


University of Surrey, Guildford, Surrey GU2 5XH, or Tel 


Guildford 71281, 


Ext 452, and to whom they should be returned to by November 2, 1973 


UNIVERSITY OF OXFORD 


READERSHIP IN ANIMAL 
BEHAVIOUR 


Applications are invited for the above post, vacant 
on October 1, 1974, by the retirement of Professor 
N Tinbergen, FRS Salary wil be on the scale 
£4,368-£5,496, subject to confirmation 

The appointment may be associated with a fellow- 
ship at Christ Church (for a man) or St Anne's (for 
a woman), further particulars may be obtained from 
these colleges 

Applications, with full details of previous experi- 
ence and the names of two referees, should be sent 
before October 31, 1973, to the Linacre Professor, 
Zoology Department, South Pags Road, Oxford 
OX1 3PS, from whom further particulars may be 
obtained (1176) 


UNIVERSITY OF CAMBRIDGE 


A vacancy exists for a TECHNICAL ASSISTANT 
in the Department of Medicine Work involves re- 
search into the possible viral aetiology of human 
leukaemia and sarcoma Extensive experienae in 
virology, tissue culture work and serology is desirable 

Applications, giving details ef experience and the 
names of three referees, should ke sent to Dr A 
Karpas, the Medical School, Hills Road, Cambridge 
CB2 2QL, from whom further details of the appoint- 
ment can be obtalhed $ (1172) 
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UNIVERSITY OF LEICESTER 
BOTANICAL LABORATORIES 


RESEARCH ASSISTANT 


Applications are invited for an appointment as 
Research Assistant to work on dark carbon dioxide 
fixation and its relationship to photosynthetic and 
respiratory carbohydrate metabolism in higher plants 
Candidates should possess a degree in a biological 
science and an interest in plant physiology and 
biochemistry 

The appointment will be for one year in the first 
Instance but will be renewable up to a period of 
three years Initial salary will be £1,353 or at an 
adjusted level in the case of a candidate who regis- 
ters for a higher degree 

Applications, together with the names of two 
referees, should be sent to*Dr W Cockburn, Botani- 
cal Laboratories, University of Leicester, Leicester 
LEI 7RH Closing date November 1, 1973 

(1182) 





. 

THE DEPARTMEMT or OCEANOGRAPHY, 
Dalhousie University, Halifax, Nova Scotiae Canada, 
has an opening at th8 Assistant Professor level for a 
PHYSICAL OCEANOGRAPHER Applicants are 
requested to submit a vita by November 30 and to 
solicit two letters of recommendation to be 
addressed to P J Wangersky, Acting adr. 

1185) 
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WEST OF SCOTLAND 
AGRICULTURAL COLLEGE 
DIVISION OF BIOLOGICAL, SCIENCES 


LECTURER IN BOTANY 


Applications are invited for the above post from 
candidates holding a Degree in Horticultural or 
Agricultural Botany or Science, with preferably an 
interest ın Crop Physiology The duties will include 
lecturing to diploma and degree students in Horti- 
cultural Biology Opportunity for research leading 
to a higher degree 

The salary (dependent on age, qualifications and 
experience) will be on one or other of the following 
scales 

Grade III—£2,087 rising to £3,640 

Grade IV—£1,402 (Honours £1,499) rising to £1,925 

Conditions of appointment and application forms 
are obtainable from the Secretary, The West of 
Scotland Agricultural College, Auchincruive, Ayr, 
KA6 SHW, with whom applications should be lodged 
not later than November 7, 1973 (1162) 


UNIVERSITY COLLEGE OF WALES 
ABERYSTWYTH 


DEPARTMENT OF CHEMISTRY 


Applications are invited for an SRC POST- 
DOCTORAL RESEARCH ASSISTANTSHIP, ten- 
able for a pertod of up to two years, to carry out 
research in collaboration with Dr Graham Williams 
The investigation will be concerned with a com- 
parative study of the molecular motions which occur 
in simple supercooled liquids and in solid polymers 
Facilities include dielectric relaxation techniques, 
thermally stimulated dipolarization techniques and 
optical techniques Applicants should have experi- 
ence in research in physical chemistry, chemical 
physics or physics, and a knowledge of computing 
is desirable Salary on the scale £1,929 to £2,058 
per annum 

Applications, together with the names of two 
referees, must be sent to the Head of the Depart- 
ment of Chemistry not later than November 9 
1973 (1180) 





UNIVERSITY OF TASMANIA 
CHAIR OF INFORMATION SERVICE 


The University has approved the establishment of 
a Department of Information Science and invites 
applications for appointment as foundation Professor 
of Irformation Science 

The appointee will be required to plan and estab- 
lish the Department of Information Science, subject 
to approval of the appropriate authorities 

The Department will be expected to provide courses 
in computing, systems analysis, data processing and 
associated disciplines In addition, the Department 
will be expected to encourage and participate in 
research and postgraduate studies 

Funds are available in the 1973-75 triennium for 
new computing facilities and for the appointment 
of a Director and other staff of a new Centre A 
project panel has been set up to plan the accommo- 
dation for the Centre, and to select the necessary 
equipment It is hoped that an appointment will be 
made to the Chair in time for the appointee to be 
available for consultation with the Panel and also 
for consultation in the selection of the Director 

Salary The curremt professorial salary 1s $A19,102 
per annum 

General conditions of appointment and applica- 
tion procedure are available from the Association of 
Commonwealth Universities. (Appts), 36 Gordon 
Square, London WCIH 0PF 

Applications, on the prescribed form, close on 
November 19, 1973, E (1177) 
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PAISLEY COLLEGE OF 
TECHNOLOGY 


DEPARTMENT OF BIOLOGY 


LECTURER IN ECOLOGY 


Applications are invited for a post as 
Lecturer in Ecology (Grade I or II) in the 
Department of Biology Preference will be 
given to a terrestrial plant ecologist 


Candidates should have a good Honours 
degree and either a second degree or other 
research experience Teaching experience 1s 
also desirable The successful candidate will 
be asked to share m the teaching of ecology 
to MI Biol, BSc degree and HND students 
and may also be asked to take some part in 
the teaching of general biology He will be 
fae eto develop research in his own 
e| 


Salary scales are 


Lecturer Grade I —£1,797-£3,825 
Grade II—£1,665-£3,402 


Placing will be according to age and 
experience 


Application forms and further particulars 
from Establishment Section, Paisley College of 
Technology, High Street, Parsley PA1 2BE 
(Tel 041-887 1241) quoting reference N/11/1 
Closing date October 26, 1973 (1198) 


UNIVERSITY OF NAIROBI 
KENYA 


Applications are invited. for LECTURFSHIP IN 
DEPARTMENT OF ZOOLOGY Candidates must 
have a good first degree in zoology as well as a 
PhD They must also have research interest in 
the field of cell biology Appointee will be expec- 
ted to undertake courses in all aspects of cell 
biology including cell physiology, histology, and 
electron microscopy Salary scale K£1,500-K£2 580 
per annum (K£1=£120 sterling) The British 
Government may supplement salary in range £450- 
£750 per annum (sterling) for married appointee or 
£150-£450 per annum (sterhng) for single appointee 
(normally free of all tax) and provide children's 
education allowances and hdfiday vsit passages 
FSSU  Famiy passages, various allowances 

Detailed applications (2 copies), including a cur- 
riculum vitae and naming 3 referees, should be sent 
by air mall not later than November 16, 1973, to 
the Registrar, University of Nairobi, PO Box 
30197, Nairobi, Kenya Applicants resident in U K 
should also send 1 copy to Inter-University Council, 
90/91 Tottenham Court Road London WIP ODT 
Further particulars of the appointment may be 
obtained from either address (1178) 





MEDICAL RESEARCH COUNCIL 


UNIT FOR METABOLIC STUDIES 
IN PSYCHIATRY 


CHEMIST or BIOCHEMIST required to help in 
the identification and measurement of a wide range 
of metabolites in body fluids of patients with mental 
disorders using ton exchange chromatography, gas 
chromatography, mass spectrometry and other related 
chemical techniques A higher degree or experience 
in this type of work would be an advantage Salary 
according to experience 

Applications to MRC Unit for Studies ın Psychiatry, 
Middlewood Hospital, PO Box 134, Sheffield S6 
1TP (1165) 


KINGSTON POLYTECHNIC 


SENIOR TECHNICIAN 
School of Geology 


experienced in making thin sections and related 
techniques 


T3/4 £1,521-£2,031+ qualification allowance 


Application forms from Assistant Registrar, 
Kingston Polytechnic, Penrhyn Road, Kingston 
upon Thames KT12EE (01-549 1366) (1192) 





[Opportunities 


Government under Britain’s programme of aid 
to the developing countries 


Kenya 


ANIMAL 
HUSBANDRY OFFICER 


At the Embru Agricultural Research Station to 
participate in a programme of research and develop- 
ment aimed at evaluating legumes and grasses tn 
the terms of animal production and to initiate 
evaluation of pasture spectes and fodders — Appli- 
cants, aged 30-50 should have a University degree 
in Agriculture or Animal Science and experience 
in Animal Husbandry or Pasture Agronomy 
Knowledge of Swahili desirable but not essential 
Appointment for 3 years Applicants should nor- 
mally be citizens of, and permanently resident in, 
the United Kingdom 





Salary, subject to UK income tax, in scale £2400- 
£4000 p a plus a variable tax free overseas allowance 
in scale £465-£1130 pa Other benefits include 
free family passages, paid leave, children's educa- 
tion allowances and free accommodation and 
medical attention 


PASTURE 
AGRONOMIST 


Required for Nmtwapa Area to take part in a 
programme of research and development aimed at 
evaluating legumes and grasses in terms of animal 
production and be expected to initiate programmes 
for testing promising pasture species and fodder 
Applicants should be aged 30-50 years with a de- 
gree in botany, agriculture or animal science plus 
post-graduate training in agronomy , Experience 
in pasture-animal relationships would be an 
advantage Knowledge of Swahili ıs desirable 
but not essential Appointment for 3 years 


Salary, subject to UK income tax, in range of 
£2400-£4000 pa plus a variable tax free overseas 
allowance in range of £465-£1130 p a 


For full details, together with an application form 
and booklet about Kenya please apply giving age 
and brief details of qualifications and experience to 


Appointments Officer, 
Foreign and Commonwealth Office, 


Overseas Development 


Administration 


Room 301/N, Eland House, 
Stag Place, London SWIE 5DH 





XV 


A RESEARCH ASSISTANT 


UNIVERSITY COLLEGE OF WALES 
ABERYSTWYTH e 
*DEPARTMENT QF GEOLOGY 


Applications are invited. for the post of DEMON- 
STRATOR to commence on January 1, 1974 Salary 
£1,569 to £1,734 per annum 

Application forms and further particulars available 
from the Registrar, to whom applications should be 
sent before November 19, 1973 (118D 


is required by the Department of Virology, to work 
on gspects of viral pathogeness The post would 
be suitable for graduates in either biology or micro- 
biology who wish to gain experience in Virology 
The duration of the post is 3 years with a salary 
scale rising from *£1,440 to £1,588 pa For further 
information please contact Dr R B Heath, Virology 
Department, St Bartholomew's Hospital, London 
ECIA 7BE (Tel ,01-606 7777) *(1169) 
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ASSISTANT INFORMATION OFFICERS 


Economics/Business Information 
Agricultural Botany 


We need two young people to do scanning and indexing and perform 
searches for those involved in Research and Development, Investment 
Analysis, Planning and Advisory Services in Brooke Bond Liebig Limited 


Applicants should preferably be qualified in one of the above areas 
Previous experience of information work would be an advantage 


The successful applicants would work in the Information Section at the 
Company's Research and Development Division, which ıs situated in attrac- 


tive rural surroundings 


The Company offers excellent conditions of 


employment, including contributory Superannuation scheme, staff restaurant 
and social club Normal hours of work are 90am to 50 pm, Mondays 


to Fridays inclusive 


Please apply in writing or by telephone, to the Admunistrative Officer at 


the address below 


Brooke Bond Liebig Research and Development Division, 


Blounts Court, 

Sonning Common, 
READING RG4 9NZ. 
Tel: Kidmore End 2811. 


(1174) 





INTERNATIONAL FOOD INFORMATION SERVICE 


INDEXER 


required for preparation of index material for computer-assisted index pro- 
duction The successful applicant will work at the editorial offices on the 
campus of The National Institute for Research in Dairying in Shinfield, 


Reading 


Qualifications or experience in food science or related subjects 1s required, 
a reading knowledge of one or more foreign languages and experience in 
information science would be advantageous 


Salary in the scale £951 to £2,288, starting according to age, qualifications 


and experience 


FSSU benefits, five-day week, floating time, four weeks paid holiday, good 


promotion prospects 


Application forms and full particulars from the Editor, International Food 


Information Service. 


Commonwealth Bureau of Dairy Science and Technology, Shinfield, Reading. 


UNIVERSITY OF TASMANIA 


PROFESSIONAL OFFICER— 
CENTRAL SCIENCE LABORATORY 


Applications are invited from graduates in science 
or engineering (or persons holding equivalent quali- 
fications) for appointment to the above-mentioned 
position 

The Central Science Laboratory is a recently estab- 
lished facility to house major scientific equipment to 
the joint use of science-based facilities of the univer- 
sity The first item of equipment to be installed in 
the near future is a combined scanning electron 
microscope and microprobe The appointee will be 
responsible initially for the operajgion and mauinten- 
ance of this and other equipmeflt to be installed 
within the next two years 

Appointment will be offered within one of the 
following scales, according to qualifications and ex- 
perience Grade I $A5,259 by 6 increments to 
$A8,101 per annum, Grade II $48,530 by 3 incre- 
ments to $A9 738 per annum, Grade III $A10 173 
by 1 by 434 to $410,607 per annum 

Assisted air passages and an allowance for removal 
expenses will be provided for the appointee’ and 
family 

Further information and appfication forms may be 
obtained from the Association ef. Commonwealth 
Unrversities (Appts), 36 Gordon Square, London 
WCIH OPF . . ° 

Appli¢eauons close on November 30, 1973 (1224) 


(1214) 





DEPARTMENT OF BIOLOGICAL 
SCIENCES 
BROCK. UNIVERSITY 
CANADA 


Applications are invited for two-year appointments 
at the ASSISTANT PROFESSOR level "Vacancies 
are available for a GENETICIST (January 1, 1974) 
and ECOLOGIST Quly 1, 1974) Applicants should 
Possess the PhD, preferably post-doctoral experi- 
ence and, in the case of the ecological position, 
training in botany A second position in ecology may 
become available for initiation July 1, 1974 

Applications with complete résumé and the names 
of three referees should be sent to Dr A H Houston, 
Professor and Chairman Department of Biological 


Sciences, Brock University, St Catharines, Ontario 
L2S 3A1 (1163) 





TOXICOLOGIST 


required in the Mepartment of Forensic Medicine, 
Charing Ctoss Hospita® Medical School, Fulham, in 
charge of analysis of poisons and drug addiction 
Graduate in chemistgyeor biochemistry referred 
Salary according to age and experience on Whitley 
Council Biochergist Scale —Apply in writing, with 
full details of qualifications and experience, quoting 
two referees, to The Secretary, Charing Cross Hospital 
Medical School, Brandenburgh House, Fulham 
Palace Road, London W6 9HH (1164) 


GRIFFITH UNIVERSITY 
BRISBANE, AUSTRALIA 


Griffith University will admit. its first undergradu- 
ates in March 1975, and is committed to mter- 
disciplinary teaching methods 


SCHOOL OF SCIENCE 


SENIOR LECTURESHIP OR LECTURESHIP 
THEORETICAL PHYSICS The appointee will be 
involved in the design and implementation of the 
School's first year teaching programme, with a prime 
responsibility for the teachmg of mathematics The 
University plans to be innovative in its methods of 
teaching mathematics to non-specialists 


The inital interests of the School will be m solid 
State physics, chemistry, polymer science and bio- 
chemustry and the appointee should be prepared to 
associate himself with interdisciplinary research pro- 
jects in addition to pursuing his own major field 


SENIOR LECTURESHIP OR LECTURESHIP 
"SCIENCE, TECHNOLOGY AND SOCIETY" One 
amm of the School is to make science students more 
aware of the scienust's role in society and more 
responsive to society’s needs To this end a course 
of the above title 1s planned for one quarter of the 
first year, and the first responsibility of the appointee 
will be its design and implementation It is expected 
that candidates will be science graduates, probably 

ewith a higher degree, with competence in one or 
more social sciences 


Both appointments will be from July 1, 1974, and 
one date for applications 1s November 16, 


SCHOOL OF AUSTRALIAN 
ENVIRONMENTAL STUDIES 


SENIOR LECTURESHIP OR LECTURESHIP IN 
ENVIRONMENTAL PLANNING AND MANAGE- 
MENT With expertise im resource management, 
regicnal development, urban economics or related 
fields such as environmental impact assessment 


SENIOR LECTURESHIP IN PHYSICAL ENVI- 
RONMENTAL SYSTEMS With interest and ex- 
perience in team-taught foundation or integrating 
courses, and preferably familiar with tropical/semi- 
tropical environments 

SENIOR LECTURESHIP OR LECTURESHIP IN 
ECOLOGY With interest in the functioning of eco- 
systems, terrestrial or aquatic 

SENIOR LECTURESHIP OR LECTURESHIP IN 
URBAN ENVIRONMENTAL SYSTEMS AND 
INDICATORS, AND SOCIAL PLANNING 

Arpointees will be expected to take up their posi- 
tions in 1974 The closing date for applications 1s 
November 16, 1973 

Salaries Senior Lecturer 
Lecturer $A8,698-$A 11,982 


Further information may be obtained from the 
Association of Commonwealth Universities (Appts ), 


36 Gordon Square, London WCIH OPF (1202) 


$A12,268-$A14,308, 


POSITION OPEN 


DEAN, SCHOOL OF MATHEMATICS 
SCIENCE AND ENGINEERING 


The Dean, as the chief academic officer of the 
Schocl, is responsible for the overall quality of the 
educational programme offered by the seven academic 
units m the disciplines of Biology, Chemistry, Earth 
Sciences, Engineering, Mathematics, Physics, and 
Science and Math Education 

Applicants must have an earned doctorate, be 
acceptable for appointment at the rank of Professor 
in one of the school disciplines, have university level 
teach ng and research experience, have a record of 
scholarly achievement in research or development, 
and have experience in administration. of engineering 
or applied science programmes which included 
engineering 

Salary $24,471 -$29,747 (Twelve-month appoint- 
ment) 

Applicants should send letter of intent plus résumé 
of professional experience to D B Bright, Chairman 
Search Commuttee, California State University, Fuller- 





ton, Fullerton, California 92634 (1171) 
INSTITUTE OF OCEANOGRAPHIC 
SCIENCES 
WORMLEY, SURREY 
ZOOLOGIST 


A Zoologist (Scientific Officer) 1s required to join 
a small team investigating the factors controlling the 
distribution. and abundance of macroplankton and 
micronekton in upwelling regions Service on board 
a research ship is an essential part of the work and 
permanent employment is in part conditional on 
sausfactory performance of duties at sea 

Qualifications Normally under age 27 with a 
degree or equivalent 19 an appropriate subject A 
good general background in zoology ıs necessary 
Experience or traming in the marine field is not 
essentral 

Salary range £1,318-£2,177 Starting salary may 
be above the minimum according to qualificauons and 
experience Superannuation arrangements 

Application forms and further particulars may be 
obtained from the Secretary, Institute of Oceano- 
graphic Sciences, Brook Road, Wormley, Surrey 
GU8 5UB Closing date November 9, 1973 


Natural Environment. Research Council 
(1213) 
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BIOLOGICAL SCIENCES 


Scientific Director 


for Flow Laboratories, Europe's leading supplier of tissue cultures, media sera and viral 
diagnostic reagents to university and hospital laboratories and research institutes He will 
be the custodian of the company's reputation for quality and advanced knowledge Asa 
scientific consultant he will assist his senior colleagues, customers and distributors 
(at home and overseas) with special problems, contributing also to product development and, 
through his Quality Control Manager, taking responsibility for quality control systems 
The company makes its technological advances available to the scientific commuhity by way 
of special seminars and he will develop this educational policy Candidates probably in 
their 30s will be life science graduates, qualified to Ph.D level, with knowledge and 
experience in depth in virology, microbiology, bacteriology or biology and ideally but not 
necessarily with strong technical competence in tissue culture Initial salary, negotiable 
to attract a leading candidate with a national or international reputation, will not be 
a limiting factor. Company car, excellent pension scheme and assistance with relocation to 
West of Scotland Please write in strict confidence with brief career history to 
AW B Thomson, 12 Lynedoch Crescent, Glasgow G3 6EQ 


SELECTION 6 THOMSON 


(1247) 





FACULTY OF BIOLOGY 
UNIVERSITY OF HEIDELBERG 


CHAIR OF ZOOPHYSIOLOGY 


The Chair of Zoophysiology will become 
vacant in October 1975 Applications are 
invited from suitable persons with  qualifica- 
tions and research interests in any area of 
Zoophysiology 

Applications, including curriculum vitae. and 
list of publications, should be sent to the Dean 
of the Faculty of Biology, 69 Heidelberg 1, 
Berliner Strasse 15, West Germany, before 
January 31, 1974 (1168) 


Research Assistant in 
Biochemical Analysis 


A post has arisen for a Research Assistant at this corporate research 
establishment of an international group of food companies Salary will be 
progressive and the commencing rate will reflect qualifications and experience 





UNIVERSITY OF AUCKLAND 
NEW ZEALAND Candidates should hold an H N C or degree qualification The appointee will 
SCHOOL OF MEDICINE be expected to work largely on his/her own initiative and to provide a service 
CHAIR IN BIOCHEMISTRY to other Departments for the analysis of amino acids Previous experience 
Applications are invited for the above-mentioned of operating an amino acid analyser would be advantageous, as would a 


Chair, carrying with it the Headship of the Depart- 
ment a p p knowledge of other instrumental methods of analysıs appropriate to a food 


Salary will be established within the appropriate ell-equipped 
range, having. regard to the. qualifications of the laboratory The person will join a versatile team working in a well-equipp 
candidate concerned modern laboratory suite 

Medical The present range for medically qualificd 
professorial staff ıs $NZ17,309-$NZ19,151 per annum 

Non-Medical The present d AR non-medical A five day week (90am to 50 p m) is worked, with luncheon facilities 

ff -$NZ16,941 al 
a e E e AE on ALORS SU bak. "Fares available in the staff restaurant There is a comprehensive superannuation and 
And other removal: cal a speci: hfe insurance scheme Personnel policies are those of a progressive and leading 
Ei imits 
Further particulars and application. procedure avail- organisation in the food industry 


able from the Association. of Commonwealth Uni- . 


Appts ), 36 Gordon Square, London WCIH 
OPE S VA i Please write tb the Administrative Services Manager at the address below for an 


Applications close on November 30, 1973 (1221) application form, quoting reference RA/3I 


RESEARCH ASSISTANT required to work in field 
of growth control The appointee will undertake 
Studies on nucleic acid metabopsm, protein synthesis 


° 
*Brooke Bond Liebig Research & Development Division, 
and separation of serum factors concerned with liver n Blounts Court, 
growth Post suitable for a biochemistry graduate o 
Opportunity for higher degree study Appointment for Sonning Common, 


three years in the first instance Salary scale £1,700- 
£1,820 per annum according to qualifications and 
experience —Applicauons, naming two referees, to 
the Secretary, Royal Postgraduate Medical School, 
Hammersmith Hospital, DuCane Road, London 
W12 OHS, quoung ref 6/204/N (1206) 


*READING RG4 9NZ. 


(1173) 





XVIII 


Western Australian 
Institute of Technology 


SENIOR TUTOR/LECTURER IN PHARMACY 
SCHOOL OF HEALTH SCIENCES 
Department of Pharmacy 


The department's current need is tn the area of 
physical pharmacy, but suitably qualifted persons 
with expertise in other areas of pharmaceutical 
science are invited to apply 


The successful applicant will be expected to 
participate in teaching to degree level, and to 
assist ın the development of post-graduate 
course-work 


Salary Scale $8,698- $A11,982 


Further particulars and method of application 
available from Migration Liaison Officer, Western 
Australia House, 115 Strand, London WC2R OAJ 


When writing please quote ref NAT 5 
Application close 10th November 1973 


(1209) 





ELECTRON MICROSCOPY TEGHNIGCIAN 
(Grade 3) 


required to assist generally in a fully equipped unit EM6, 6B and Cambridge 
2A ultrastructure The post offers opportunities in the development of 
techniques and instrumentation for applicants of appropriate interests and 
experience 


Salary in the range £1,539 to £1,794 plus £175 London Weighting 


Applications in writing to Mr R Adams, Departmental Superintendent, 
Department of Botany, Imperial College, London SW7 2BB 


(1183) 





SCOTTISH PLANT BREEDING STATION 
SCIENTIFIC OR HIGHER SCIENTIFIC OFFICER 


There is a vacancy for a plant breeder m the Forage Department of the Scottish Plant Breeding 
Station The officer will work with barley and will be responsible for a part of the breeding 
programme, with research in related topics 


Qualifications 

lst or 2nd class Honours degree m a biological subject or equivalent qualifications ‘At least 
two years’ postgraduate research are required for appointment to a Higher Scientific Officer, 
but exceptionally well qualdied candidates may be offered appointment to a higher grade 


Salary 

Depending on qualifications and experience 
Scientific Officer scale (£1,318 to £2,177 per annum) 
Higher Scientific Officer scale (£2,076 to £2,667 per annum) 


Superannuation under F S SU with compensatory non pensionable es of 44% of basic 
salary 


Application forms from the Secretary, Scottish Plant Breed Station, * pentlandfield, Roslin, 
Midlothian EH25 9RF, to be returned nof later than November 16, 197g e 


Applicants from the Agricultural Research Service should submit their applications through 
their present Directors if they wish to be considered for the award of ''public interest" transfer 
terms (1170) 
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RESEARCH ASSISTANT 
(ANIMAL BEHAVIOUR) 


Applications are invited for the above post at 
the Edinburgh School of Agriculture for work 
on the Ethology of the pig under the direction 
of Dr D Wood-Gush Applicants 
should possess a good Honours degree with 
training in Animal Behaviour or some com- 
parable qualification 


Commencing salary £1,499 per annum FSSU 


Further particulars and application form 
from the Secretary, The Edinburgh School of 
Agriculture, West Mains Road, Edinburgh, 
EH9 3JG (1197) 


COMMONWEALTH AGRICULTURAL 
BUREAUX 


Vacancy for a 


SOIENTIFIC INFORMATION 
OFFICER 
at the 
COMMONWEALTH BUREAU OF DAIRY 
SCIENCE AND TECHNOLOGY 
Shinfield, Reading RG2 9AT 


Duties Scanning journals and abstracting of 
articles for publication in Dairy Sctence Abstracts 
Editing abstracts on dairy husbandry, and assisting 
with subject indexing for the computerised publica- 
tion of Dairy Science Abstracts 

Qualifications A degree in Animal Science, Agri- 
culture, or Dairy Science would be preferred Train- 
ing or experience in information work 1s _ highly 
desirable for this post Reading knowledge of German 
or other languages would be an advantage Ability 
to write good concise English 1s essential 

Salary In scale £1,318-£2,422 (bar) £2,615-£3,250 
(bar) £3,510-£3,742 plus a compensatory allowance 
(taxable but not superannuable) of 44% to offset 
personal contribution to FSSU Starting salary 
according to qualifications, age and experience 

Application forms and full particulars from the 
Secretary, Commonwealth Agricultural Bureaux, 
Farnham House, Farnham Royal, Slough SL2 3BN 

Closing date for applications November "hgh 





UNIVERSITY OF ABERDEEN 


SENIOR LECTURER AND 
LECTURER IN 
CHEMICAL PATHOLOGY 


Applications are invited from either medical or 
scienze graduates for @bove posts 

Senior Post Applicants should possess an appro- 
priate higher qualification, and have several years’ 
teaching, research and service experience in chemical 


pathology, preferably including paediatric bio- 
chemistry 
Lectureship Applicants may be either recent 


graduates in medicine, or have a good honours 
degree in chemistry or biochemistry with some rele- 
vant teaching or research experience 

It 1s expected that the NE Regional Hospital 
Board will grant appropriate honorary status to the 
successful applicants 

Salary on scales with placing according to quali- 
fications and experience 

Serior Lecturer, if medically qualified £5,085- 
£7,599 , otherwise £4,368-£5,496 

Lecturer, :f medically qualified — £2,538-£4,875 
otherwise £1,929-£4,548 

Further particulars from The Secretary, The Uni- 


versity, Aberdeen, with whom applications (6 copies) 
should be lodged by November 15, 1973 (1199) 


UNIVERSITY OF THE 


WITWATERSRAND 
JOHANNESBURG, SOUTH AFRICA 


SENIOR LECTURER OR LECTURER 
IN PSYCHOLOGY 


Applications are invited for appointment to the 
above post Applicants should be qualified to teach 
under-graduate and post-graduate courses in Indus- 
trial Psychology Duties are to be assumed on 
January 1, 1974, or as soon as possible thereafter 

Salary ranges as follows 

Senior Lecturer R7,245-R9,315 
Lecturer R5,520-R,7,935 

The initial notch will be determined according to 
qualifications and experience Benefits imclude an 
annual bonus, pension and medical aid facilities, and 
a housing subsidy, if eligible 

Intending applicants should obtain the information 
sheet relating to this*post from the Registrar, Univer- 
sity of the Witwatersrand, Jan Smuts Avenue, 
Johannesburg, South Africa, or from the London 
Representative, University of the Witwatersrand, 
Chichester House, 278 High Holborn, London WC1 
Applications should be lodged with the Registrar of 
the University not later than November 13, 1973 

(1212) 
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LANCASHIRE AND WESTERN SEA 
FISHERIES JOINT COMMITTEE 
Pollution and Fisheries Laboratory 


SCIENTIFIC OFFICER— 
BIOLOGIST 


A Biologist 15 required to take charge of and 
further develop a programme of biological in- 
vestigation dealing with sea fisheries in coastal 
waters Duties will include advising the Com- 
mittee on scientific aspects of fishery manage- 
ment, carrying out stock assessment studies, 
and monitoring the effects of natural and man- 
made changes (including the discharge of pol- 
lutants) on sea fisheries Some work at sea will 
be necessary 
Qualifications and Experience 

Candidates should have an honours degree in 
one of the biological sciences, and should have 
some experience in a relevant marine field 
Salary Scale 

Salary wil be on the Administrative and 
Professional Scale of he National Joint Coun- 
cil for Local Authorities, according to qualifi- 
cations and experience, and will be within the 
range £2,234 to £2,535 on scale AP4 

Application forms and further particulars 
from The Supermtendent, Lancashire and 
Western Sea Fisheries Jomt Committee, The 
University of Lancaster, Bailrigg, Lanai TO) 





UNIVERSITY OF 
NEWCASTLE UPON TYNE 
BIOCHEMISTRY DEPARTMENT 


A Post-Doctoral research worker 1s to be 
appointed in the Department of Biochemistry to 
investigate the structure of the mucoproteins from 
gastric mucus This 1s part of a successful long-term 
study by a group of workers on the chemical and 
physical structure of gastric mucus A knowledge of 
techniques in protein structure determination would 
be an advantage The project 1s supported by MRC 
for three years, starting as soon as can be mutually 
arranged at an imual salary of up to £2,238 pa 

For further information please write to Dr A 
Allen, Department of Biochemistry, University of 
Newcastle upon Tyne, NÉI 7RU, to whom applica- 
tions, accompanied by a curriculum vitae and names 
of two referees, should be sent (1208) 


UNIVERSITY OF CALIFORNIA 
BERKELEY 


DEPARTMENT OF GEOLOGY AND 
GEOPHYSICS 


A vacancy is anticipated or an ASSISTANT 
PROFESSOR whose research “interests le in the 
genesis of metamorphic rocks In addition to teach- 
ing graduate and undergraduate courses in meta- 
morphic petrology, the successful candidate will be 
required to teach field mapping techniques, including 
from time to time the summer field course 

Candidates, who should have received their Ph D 
degrees within the last four years (or expect to do 
so in 1974), should send their applications, together 
with copies of their published research, to Professor 
I S E Carmichael, Department of Geology and 
Geophysics, University of California, Berkeley, 
California 94720, USA Closing date for applica- 
tions 1s December 1, 1973 The University of Cali- 
forma 1s an equal opportunity employer with an 
affirmative action programme (1186) 


UNITED BRISTOL HOSPITALS 


Applications are invited for the post of 
TECHNICIAN 


m the Virology Laboratory of the Depart- 
ment of Bacteriology, Bristol Royal Infirm- 
ary The laboratory handles routine diag- 
nostic work, but there will also be oppor- 
tunities for taking part in original work 
Candidates should possess the AIMLT 
qualification, with Finals in Virology 
however, science graduates with suitable 
experience may apply, and would be con- 
sidered for appointment at a suitable level 


e 
Applications, giving full details of quali- 
fications and experience and naming two 
referees, should be forwarded to Mr 


Haugh, Principal — Techmecal Pathology 
Laboratory, BR I, Bristol BS2 8HW, not 
later than 14 days from the appearance of 


this advertisement (1215) 





Western Australian 
Institute of Technology 


XIX 


Applications are invited for the following academic appointments 
School of Business Administration 
HEAD, DEPARTMENT OF MANAGEMENT 
School of Architecture, Art & Engineering 

SENIOR LECTURER IN ARCHITECTURE 

School of Applied Science 
HEAD, DEPARTMENT OF PHYSICS 
HEAD, DEPARTMENT OF BIOLOGY 


LECTURER IN CHEMISTRY 


School of Health Sciences 
SENIOR TUTOR/LECTURER IN PHARMACY 
SENIOR TUTOR/LECTURER IN OCCUPATIONAL THERAPY 
SENIOR TUTOR/LECTURER IN PHYSIOTHERAPY 

School of Social Sciences 
SENIOR LECTURER IN LIBRARY OPERATIONS 
SENIOR TUTOR/LECTURER IN SCHOOL LIBRARIANSHIP 

Educational Services 
HEAD, EDUCATION DEVELOPMENT UNIT 
W A School of Mines (Kalgoorlie) 

SENIOR TUTOR/LECTURER IN CHEMISTRY 


Salary Ranges 

Head of Department 
Senior Lecturer 
Lecturer 

Senior Tutor 


$A15,940 
SA12,286-SA1 4,308 
$A8,699-$A | 1,982 
$A7,270-$A8,698 


Further particulars and method of application available from Migration 
Liaison Officer, Western Australia House, 115 Strand, London 


WC2R 0AJ 


When writing please quote Ref NATS 


Applications close lOth November 1973 


(1210) 


UNIVERSITY COLLEGE GALWAY 
(Colásite na hOllscoile Gaillimh) 
DEPARTMENT OF OCEANOGRAPHY 


TECHNICIANS 


Applications are being invited for two technical positions 

1 TECHNICIAN : duties will be primarily in chemical oceanography, but assistance in 
general laboratory activities and sed-time in small boats, will be expected 

2 TRAINEE-TECHNICIAN/TECHNICIAN dutes will be chiefly in workshop practice, 
mamtaming and repairing sea going and laboratory equipment, training relevant to assisting 
With computing and physical oceanography can be provided 


Salary scales 


Technician—£1,614 X £54—£1,830 


Tramee Technician—£954 X £72—£1,242 


Application 


send to the Head, Department of Oceanography, by November 9, 1973 , 


state the position for which you are applying, give qualifications and experience and the 


names of two referees 





AUSTRALIAN NATIONAL 
UNIVERSITY 


Applications are invited for the following 


FACULTY OF SCIENCE 


SENIOR DEMONSTRATOR/DFMONSTRATOR 
IN BIOCHEMISTRY 


The appointee will be required to take up duty 
early ın 1974 Applicants must have a B Sc Honours 
degree or preferably a higher qualification, the 
appointee wil assist with laboratory classes for 
groups of second and third year undergraduates in 
the Faculty of Science It 1s hoped the appomtee 
will participate in one of the research programmes 
being undertaken in the Department 

Appointment to the post 1s for twelve months in 
the first mstance with normal expectation of yearly 
renewal up to five years Travel expenses from over- 
seas (except New Zealand) are not provided by the 
University for appointment at this level but assisted 
passage can be considered for a person offered appoint- 
ment who intends to settle permanently in Australia 

Closing date November 30, 1973 

Salaries Salary on appointment will be in 
accordance with qualifications and experience within 
the ranges Senior Demonstrator $A7,270-$A8,698 p a 
(3 X286 , 2X285) , Dembr&trator $A5,740-$7,015 pa 
(5X255) Current exchange rates are approximately 
$A1 55p SUSI 41 

Other conditions Assistance with housing is pro- 
vided for an appointee from outsid Canbegra Super- 
annuation 1s on the FSSU pattern with supplementary 
benefits e 

The University reserves tfe Sight not to make an 
appointment or to make an appointment by invita- 
tion at any ume e. 

Further information should be obtained from the 
Association of Commonwealth Universities (Appts ), 
36 Gordon Square, London WC1H OPF (1201) 


(1240) 


SHEFFIELD REGIONAL HOSPITAL BOARD 


SHEFFIELD No 3 HOSPITAL 
MANAGEMENT COMMITTEE 


Regional Medical Physics Department 


PHYSICIST 


Candidates for this basic-grade post should possess 
a good honours degree in Physics or its equivalent 
Duties, in the first instance, concerned with applica- 
tion of radio-1sotope diagnostic and therapeutic tech- 
miques Experience in this field preferred Salary 
scale £1,278 to £2,370 with starting point depending 
on qualifications and experience 

Applications, naming two referees, to the Chief 
Physicist, Regional Medical Physics Department, 
Weston Park Hospital, Whitham Road, Sheffield 
S10 2S], from whom further details and application 
forms may be obtained Closing date October aa) 


THE CHINESE UNIVERSITY 
OF HONG KONG 


LECTURESHIP/ASSISTANT 
LECTURESHIP IN ELECTRONICS 


Candidates should have a higher degree in a rele- 
vant field with interest in digital circuit design, net- 
works and their practical realisation Industrial 
cxperience preferred Instruction in English accept- 
able Annual salaries in the range of £2,950 to 
£4,950 for Lecturer and £2,400 to £2,900 for Assis- 
tant Lecturer Also contributory superannuation, 
medxal benefits and long leave Housing benefits 
and passages negotiable in certam cases 

Write to Acadenmc Registrar, United College, 
CUHK, Shatin, Hong Kong, before December 
31, 1973, giving full personal particulars, including 
age, sox, nationality, qualificationg and na 


XX 
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UNIVERSITY OF STRATHCLYDE 
PROFESSOR OF APPLIED GEOLOGY 


Applications are invited for the Professorship of Applied Geology which 


will become vacant in October 1974 upon the retirement of Professor 


A Kerr Pringle 


Application forms and further particulars (quoting 33/73) may be obtained 
from the Registrar, University of Strathclyde, Royal College Building, 
204 George Street, Glasgow G1 1XW, by whom applications must be 


received by November 30, 1973 


(1251) 





UNIVERSITY OF LEICESTER 
DEPARTMENT OF ANATOMY 


READER OR SENIOR LECTURER 


Applications are invited for the post of READER or SENIOR 
LECTURER ın the Department of Anatomy The level of the appointment 
and initial salary will be dependent on qualifications and experience within 


the scale £4,368—£5,496, with FSSU membership 


Ihe Anatomy Depart- 


ment, located in the new Medical School, will be responsible for teaching 


Topographical Anatomy, 


Embryology, 
related subjects to medical and honours science students 


Histology and 
Postgraduate 


Neuroanatomy, 


teaching rs anticipated The successful applicant will have the opportunity 
of participating in the organisation of the new Department An active 


research interest ıs essential 


Further particulars from the Registrar, to whom applications should be 
sent by December 5, 1973 Please quote A203 
Informal enquiries may be made directly to the Professor of Anatomy 


(1253) 


BENTHIC 
ECOLOGIST, Ph.D. 


An immediate opening exists for a Benthic Ecologist to 
participate in an interdisciplinary academic research 
programme, USA-based Candidates are expected to 


participate in interdisciplinary research courses 
be capable of independent work Salary commensurate 
with experience 
Send résumé stating date of availability to 
Box 1073, T. G. Scott & Son, Limited, 
| Clement’s Inn, London WC2A 2ED. 


(1073) 





GRADUATE ASSISTANTSHIPS 


Research and teaching assistantships are available 
for graduate study in physics — Experimental and 
theoretical research programmes are active in Solid 
state, nuclear, high energy and other major areas of 
physics Graduate research 1s conducted in conjunc- 
uon with Argonne National Laboratory, the Nauonal 
Accelerator Laboratory and the Synchrotron Labora- 
tory of the University of Wisconsin Appointments 
for well-qualified students can begin at any semester 
For application forms or additional information 
write Chairman, Department of Physics, Northern 
Illinois University, DeKalb, Illinois 60115 — (1066) 


UNIVERSITY OF OXFORD 


RESEARCH POSTS 
IN NUCLEAR PHYSICS 


Applications are invited for post-doctoral research 
posts in a group carrying out experimental research 
in high energy physics Appointments will be for 
an initial period of three years qy a salary on the 
lecturer scale, depending on age and experience, and 
with a maximum of £3,378 Pension arrangements 
through FSSU 

The activities. of the group at present include con- 
ventional experiments in hydrogen bubble chambers 
aided by an automatic film measuring system 
(PEPR), neutrino experiments in a large heavy liquid 
chamber, development of multiwire drift chambers 
for particle identification, etc Future diversificgtion 
to new teohniques is actively encouraged There are 
good in-house computing facillges and a terminal to 
an IBM 360/195 

Applications (one copy) with *currnculum vitae 
list of publications and names of two referees, ehould 
be sent to Professbr D H Perkins, Ni lear "Physics 
Laboratory, Keble Road, Oxford OX] 3RH (1115) 





Should 


UNIVERSITY OF SURREY 


DEPARTMENT OF METALLURGY AND 
MATERIALS TECHNOLOGY 


Applications are invited for the post of Redland 
Research Fellow tenable in the Department of 
Metallurgy and Materials Technology at the Univer- 
sity of Surrey 

The applicant should have a PhD or equivalent 
experience in some area of Materials Technology, 
preferably ın composite materials, ceramics or 
plastics 

The Fellow appointed will undertake research on 
materials of interest in construction and building 
and in detail will be concerned with the property/ 
structure relationship of structural materials 

Remuneration would depend on age and experi- 
ence, and the appointment would be made in rela- 
tion to the University Lecturer sca'es 

Other research posts are available in the Depart- 
ment and applicants will also be considered for 
these if their qualifications are appropriate 

Applications should include a curviculum vitae and 
be sent to Professor J E Barley, Department of 
Metallurgy and Materials Technology, University of 
Surrey, Guildford, Surrey 6p2 5XH (1151) 








UNIVERSITY OF ABERDEEN 
THIRD CHAIR OF GEOLOGY 


Applications are invited for this newly created 
Chair, which will carry particular responsibility for 
teaching and researce $n Petroleum Geology and 
related subjects Recent practical experience with 
or within the otlgindustry would be an advantage 

Further particulars from The Secretary, The 
University, Aberdeen, with whom applications (6 
copies) should be lodged by November 5, o 


ENTERIC REFERENCE LABORATORY 
HONOURS SCIENCE GRADUATE 


at least 2 1, m a biological subject or a 
basic science, if latter, knowledge of 
molecular biology necessary Work is in a 
research group investigating problems con- 
nected with transferable drug resistance 
Post-doctoral applicants eligible Starting 
salary, dependent on qualifications and ex- 
perience, from minimum of £1,566, plus 
£126 London Weighting per annum (plus 
wage award being negotiated) 


Applications, with full curriculum vitae 
and names and addresses of at least two 
referees, to Personnel Officer, Central 
Public Health Laboratory, Colmdale 
Avenue, London NW9 5HT (1229) 





UNIVERSITY OF SURREY 


DEPARTMENT OF METALLURGY AND 
MATERIALS TECHNOLOGY 


POWDER METALLURGY OF 
ADVANCED MATERIALS 


. A good honours graduate 1s required for a 
Research Officer post on a contract sponsored by 
UKAEA Harwell The research will be a funda- 
mental study of ways of improving the impact strength 
of s ntered components in special alloys 

Registration. for a Higher Degrec is possible and 
much of the work will be undertaken in the excellent 
powder handling laboratories at Harwell 

The salary wil be at least £1,218 per annum with 
annual increments of £60 depending on qualifications 
and experience 

Applications should include a curriculum vitae 
and ve sent to Professor M B Waldron, Department 
of Metallurgy and Materials Technology, University 
of Surrey, Guildford, Surrey GU2 5XH (1150) 





QUEEN MARY COLLEGE 
UNIVERSITY OF LONDON 
DEPARTMENT OF PHYSICS 


Applications are invited for a postdoctoral Research 
Associateship to join a group working on the nature 
of the electronic excitations of polymers The Asso- 
ciate will be expected initially to take over existing 
work on the synthesis and characterisation of conju- 
gated polymers Expenence of synthesis and 
characterisation of "organic molecules and an 
interest in quantum chemistry desirable Appoint- 
ment 1s for one year in the first instance with possi- 
bility of extension for a further two years Salary 
within scale £1,929-£2,388 pa plus £162 London 
Allowance 

Applications, giving age, qualifications and names 
and addresses of two referees, as soon as possible, 
to The Registrar GN), Queen Mary College, Mile 
End Road, London El 4NS (1203) 


JUNIOR TECHNICIAN required to jom group in 
the Department of Clinical Pharmacology monitoring 
conceitrauons of drugs in plasma Experience of 
thin layer and gas chromatography an advantage 
but not essential Minimum qualifications GCE ‘ʻO’ 
level passes in English, Mathematics and two science 
subjects Salary according to qualifications and 
experience —Applications to the Secretary, Royal 
Postgraduate Medical School, Hammersmith Hospi- 
tal, Ducane Road, London W12 OHS, quoting ref 
20/476/N (1153) 


ARC ANIMAL BREEDING 
RESEARCH ORGANISATION 


A vacancy arses of a rescarch post con- 
cerned with studies of genetic control of 
mineral metabolism and of varlation in pro 
duction of ruminants The work is relevant to 
ammal breeding, nutrition and health Can- 
didates must have a good honours degree, with 
preferably postgraduate experience, a statistical 
aptitude and expenefice in data analysis Ap- 
pointment will be in the SO/SSO range 
(£1,318 to £3,640) with FSSU 


. 
with curriculum 
names of two referees, to the Secretary, AR C 
Animal Breeding Research Organisation, West 


Applications, vitae and 


Mains Road, Edinburgh EH9 3JQ (1249) 
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The University of Leeds 
SCHOOL OF MATHEMATICS 
CENTRE FOR COMPUTER 
STUDIES 


Applications are invited for the newly cstab- 
lished Char of Numerical Analysis in the 
Centre for Computer Studies at a salary of 
not less than £5,625 a ycar The university 


reserves the right to consider for appointment 
persons other than those who submit formal 


applications 

Applications (two copies), stating age, quali- 
ficauons and experience and naming three 
referces, should reach the Registrar, The Uni- 
versity, Leeds LS2 9JT (from whom further 
particulars may be obtained), quoting the 
reference number 21/16/D, not later than 
November 30, 1973 

Applicants from overseas may apply in the 
first instance by cable, naming three referees 
preferably in the United Kingdom (1233) 





UNIVERSITY OF AUCKLAND 
NEW ZEALAND 


LECTURESHIP IN THEORETICAL 
AND APPLIED MECHANICS 


Applications arc invited for the above-mentioned 
appointment in the School of Engincerng Appli- 
cants should have suitable qualifications in Engineer- 
ing or in Applied Mathematics Their interests and 
rescarch experience should preferably lie in any of 
the fields of (a) Systems Analysis/Operations Research 
(b) the Computer Solution of Engincering Problems, 
or (c Continuum Mechanics 

The present salary scale for a Lecturer 1s $NZ6,335- 
$NZ8 103 per annum Commencing salary within 
this scale will be determined in accordance with 
qualifications and experience 

Travel and removal cxpenses within specified limits 
and superannuation on an FSSU basis 

Further  paruculars and  applicator procedure 
available from the Association of Commonwealth 
Universities (Appts), 36 Gordon Square, London 
WCIH 0PF 

Applications close on November 26, 1973 

(1220) 


UNIVERSITY OF ADELAIDE 


Applications are invited for the following appoint- 
ment 


LECTURER IN BOTANY from beginning of 1974, 
to teach at both undergraduate and postgraduate 
levels in ecology Higher degree required Field 
should be relevant to current environmertal problems 
and might include plant ecology, general ecology 
(provided interests embrace plants) or related topics 
such as phytoplankton and marine productivity or 
Physiology of plants under stress (15 12 73 ) 

Salary scale Lecturer $A8,698 by 470 (1) by 469 
e to $411,982, with superannuftion on the FS SU 
asis 


Further particulars about this post and the condi- 
tions of appointment and other information will be 
supplied on request to the Registrar of the Uni- 
versity, or to the Secretary-General, Association of 
Commonwealth Universities (Appts), 36 Gordon 
Square, London WC1H OPF 


‘Applications should be sent in duplicate and giving 
the information listed in the Statement that will be 
supplied, to the Registrar, the University of Adelaide, 
North Terrace Adelaide, South Australia, 5001 

(1244) 


UNIVERSITY OF GLASGOW 
RESEARCH ASSISTANT 


Applications are invited for the post of Research 
Assistant in the Department of Cell Biology to study 
the nitrate. reductase of free-living and symbiotic root 
nodule bacteria — Minimum qualifications for the 
post are a degree or the equivalent, and some 
experience in biochemical and/or microbiological 
techniques The work is supported by the Agri- 
cultural Research Council and the appointment 1s for 
three years 

Salary is up to £2,100 depending upon qualifica- 
tions and experience, plus FSSU 

Applications, including a curriculum vitae and the 
names of two referees, should be sent to Dr R M 
Danie}, Department of Cell Biology, University of 
Glasgow, Glasgow G11 6NU In reply please quote 
Ref No 3372M (1234) 











UNIVERSITY OF OTAGO 
DUNEDIN, NEW ZEALAND 


TEACHING FELLOW IN THE 
FACULTY OF SCIENCE 


Applications are invited for a Teaching Fellowship 
available in Departments of the Faculty of Science 
Duties will include teaching and rescarch, the latter 
normally being directed towards the degree of Ph D 

Supend $NZ2,925 per annum for three years 

Further particulars are available fsom the Secretary- 
General, Association of Commonwealth Universities 
(Appts ), 36 Gordon Square London WCIH OPF, or 
from the Registrar of the University 

Applications close on November 30, 1973 (1237) 


MASSEY UNIVERSITY 
PALMERSTON NORTH, NEW ZEALAND 


SENIOR LECTURER/LECTURER IN 
BIOCHEMICAL ENGINEERING 


The Biotechnology Dcpartment, which is. con- 
cerned with the industrial processing of biological 
materials, sieks applicants for a semior teaching and 
research position in biochemical engincering 

Applicants should be suitably qualified, with a 
degre in chemical engineering, a higher degree in 
biochemical engineering and some industnal and 
teaching experience The research interests of the 
department, which has a = multi-disciplinary staff 
cover a wide range, including both academic and 
Industrial aspects of industrial fermentations, 
thermal processing biologically based pharmaceuti- 
cals and waste treatment Research facilities are 
available 

The salary will depend on qualifications and ex- 
perience, and will be in the ranges Senior Lecturer 
$NZ8,249 to $NZ9,723 to $NZ10 606, Lecturer 
$NZ6,335 to $NZ8 103 

Further details of the position and of the univer- 
sity, together with the general conditions of appoint- 
ment, may be obtained from the Secretary-General, 
Association of Commonwealth Universities (Appts ), 
36 Gordon Square, London WC1H OPF, or from the 
Registrar of the University 

Applications close on December 1, 1973 (1225) 





INFORMATION RESEARCH 
OFFICER 


The Institute of Physics has been awarded a con- 
tract by the Office for Scienufic and Technical 
Information to carry out a review of the state of 
information research in physics and requires a 
Research Officer for the project 

Basic qualificauons are a famiharity with the sub- 
ject matter of physics and its information services 
and an awareness of ithe latest techniques for 
information handling in other subjects 

The appointment will be initially for a period of 
18 months and a salary of up to £3,000 pa 1s 
envisaged 

Applications should be sent in confidence to Dr 
L Cohen Executive Secretary, The Institute of 
Physics, 47 Belgrave Square, London SW1X 8QX, 
from whom further information can be obtamed ) 

(1193 





BIOCHEMISTRY TECHNICIAN 


required to join a group investigating the struc- 
turc and biochemistry of microtubules Appli- 
cants should have a degree, HNC or equivalent 
qualifications Previous experience in use of 
biochemical and radio isotope techniques 1s 
preferred Salary on the scale £1,173-£2,073 
plus £126 London weighung 


Applications to Mr J Cribbin, Medical Re- 
search Council, Muscle Biophysics Unit, 26- 
29 Drury Lane, WC2 (1261) 





UNIVERSITY OF LIVERPOOL 
DEPARTMENT OF ZOOLOGY 


Applicauons are invited for the following two 
Posts 
(A) RESEARCH TECHNICIAN 

The duties are varied and will involve field work, 
mcluding the collection of terrestrial, freshwater and 
marine animals Laboratory duties involve the breed- 
ing and rearing of small animals 
(B) TECHNICIAN 

The successful candidate will be responsible for the 
running of a large physiological teaching laboratory 
and the adjacent stores and cold rooms 

Candidates for either post must have several years 
relevant experience, should possess HNC or equiva- 
lent and should hold a driving licence £2,163 per 
annum according to qualificanons and experience 

Application forms may be obtamed from The 
Registrar, The University, PO Box 147, Liverpool 
L69 3BX Quote ref RV/N/80525 (A) or (bs) 





GERMAN CANCER RESEARCH 
CENTRE, HEIDELBERG 


INSTITUTE FOR CELL RESEARCH 


POSTDOCTORAL RESEARCH 
ASSISTANT 


required to join group studying primary structure 
of proteins involved in mitosis Applicants should 
have experience of protein separawon techniques 

The appointment will be enually for fwo years 
Xt 1s vacant from November 1 1973 Salary about 
DM 20 008 (£3,200) per anguy, depending on age 
and qualification 

Applications, including a cuniculum vitac and re- 
search experience, should be sent to Br H Ponsungl, 
Deutches Krebsforschungszentrum, Institut fur Zell- 
forschung, D-69 Heidelberg, PRES 5 $ 

1 


ARC ANIMAL BREEDING RESEARCH 
ORGANISATION 


ASSISTANT BIOMETRICIAN 


required for rescarch on the ginctics | of 
growth in relation to animal production The 
work involves analysis of a wide range of data 
and participation in the conduct of experi- 
ments Applicants should have a degree in a 
relevant subject and an interest in computing 
Appointment as SO (£1,318 to £2,177) with 
superannuation 


with curriculum vitae and 


Applications, 
names of two referees, to the Secretary, ARC 
Ammal Breeding Research Organisation West 
Mains Road, Edinburgh EH9 3JQ, from whom 


further particulars are obtainable (1250) 





UNIVERSITY OF MANCHESTER 
INSTITUTE OF SCIENCE AND 
TECHNOLOGY 


TECHNICIAN (GRADE 5) 


Required by the Chemistry Department to assist 
in the maintenance of and operation of a Balzers 
gas-phase electron-diffracuon instrument (the only 
one of its kind in the country and associated equip- 
ment 

Applicants for the post should have some chemi- 
cal experience (preferably with vacuum apparatus), 
and cxperience in the maintenance or operation of 
complex mechanical or electrical equipment 

Salary £1,881 to £2,241 per annum 

5 day wech, 4 weeks annual leave, superannuation 
scheme 

Application forms may be obtained from the 
Registrar, UMIST, Sackville Street, Manchester 
M60 1QD, to whom complied forms should be 
returned by November 5, 1973 Please quote Refer- 
ence Number CH/426/A1 (1216) 





UNIVERSITY OF SYDNEY 


LECTURESHIP/SENIOR 
LECTURESHIP IN GEOGRAPHY 


Candidates should have research and teaching ex- 
perience in coastal morphodynamics, including 
process-form relationships with respect to barriers, 
estuaries, and deltas — Experuse with relevant quan- 
utauve techniques is essential An appointee at the 
senior level should have experience in postgraduate 
supervision 

The position advertised is permanent, but in 
appropriate cases an initial three-year appointment 
may be made with possibility thercafter of pirma- 
nency or in certain cases return fares 


Salary range Lecturer, $A8,698-$A11,982 per 
annum = Senior Iccturer $A12,268-$A14,308 per 
annum 

Applications, including curriculum vitae, list of 


publications, and names of three referees, by Novem- 
ber 5, 1973, to the Registrar, University of Sydney, 
NSW 2006, Australia, from whom further infor- 
mation available Information also available from 
Association of Commonwealth Universiues. (Appts ), 
36 Gordon Square, London WCIH 0PF (1239) 


UNIVERSITY OF OTAGO 
DUNEDIN, NEW ZEALAND 


LECTURER OR SENIOR LECTURER 
IN QUANTITATIVE METHODS 


Applications are invited for the post of Lecturer 
or Senior Lecturer in Quanutative Methods in the 
area of management science and business applica- 
tions The post 1s suitable for a graduate in busi- 
ness administration with experience and interest in 
quantitative methods, or an enginecr or technologist 
with a special interest in statistics and operations 
research) Though not essenual, experience in indus- 
try, erher as a management/productivity services 
specialist or as a consultant/trainer in this field, 


would be an advantage 

Salary scales Lecturer, $NZ6,335-$NZ8 103 per 
annum, Semor Lecturer, $NZ8,249-$NZ10,606 per 
annum with a bar at $NZ9,723 per annum 

Salary scales are subject to both triennial review 
and interim cost-of-living adjustments 

Further particulars are available from the Secre- 
tary-General, Association of Commonwealth Uni- 
versities (Appts ), 6 Gordon Square, London WCIN 
OPF, or the Registrar of the University 

Applications close in New Zealand and London 
on November 30, 1973 (1238) 








APPLICATIONS ARE INVITED FROM GRADU- 
ates in chemistry for FREE-LANCE EDITORIAL 
WORK on manuscripts Essential requirements are 
English as mother-tongue, an appreciation of good 
English style, and a meticulous eye for detal A 
reading knowledge of French and German would 
be an advantage—Applications, in writing, with 
details of qualific&tions, field of specialisation, and 
experience, should be addressed to Mr J Meyer, 
Elsevie® Scientific Pubhshing Company, PO Box 
330, Amsterdam, ,The Netherlands 11189) 
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UNIVERSITY COLLEGE LONDON 
DEPARTMENT OF PHYSIOLOGY 


POSTDOCTORAL RESEARCH 
ASSISTANT 


Applications invited from graduates in Biochemistry 
or Ph$siology for the above post (supported by MRC) 
to participate in calorimetric studies of reactions 
involving muscle proteins Applicants should prefer- 
ably have postgraduate experience im the biochemistry 
of proteins, ideally muscle proteins Salary up to 
£2,550-£2,880 per annum 

Applications should be sent by November 1 to Dr 
R C Woledge (N), Department of Physiology, 
University College London, Gower Street, London 
WCIE 6BT, from whom further details may be 
obtained (1211) 





UNIVERSITY COLLEGE GALWAY 
RESEARCH ASSISTANT 


Applications are invited for a Research Assistant 
to participate in a joint project involving the Depart- 
ments of Microbiology and Biochemistry in the field 
of commercial enzymes (sponsored by the National 
Science Council) The appointee will work on micro- 
biological aspects of the project Applicants should 
hold a degree or equivalent in microbiology, bio- 
chemistry or a related field 

Applications, naming two referees, to, or further 
details from, Dr J W Patching, Department of 
Microbiology, University College, Galway, Ireland 
Closing date for applications November aan 





TUTORIAL RESEARCH ASSISTANT 


A graduate in chemistry ıs required to assist 
academic staff in the administration of a learning 
aids laboratory Some assistance in a spectroscopy 
laboratory would also be required Salary range 
£1,572-£1,749 

Applicants should write to Dr R C Poller (N), 
Department of Chemistry, Queen Elizabeth College, 
Campden Hill, London W8 7AH (1205) 








RESEARCH ASSISTANT IN 
HUMAN CYTOGENETICS 


A young honours graduate in a biological science 
s needed to work on problems of spatial relation- 
ships of human chromosomes (3-year research pro- 
Ject sponsored by Wessex Regional Hospital Board) 
Enthusiastic group working in Salisbury in small but 
well equipped laboratory Previous experience in 
chromosome work desirable but not essenual One 
or two days a week may be spent in the Department 
of Biology, University of Southampton Salary from 
£1,350 starting point negotiable 

Further details from Dr J R H Pinkerton, 
Pathology Department, Salisbury General Infirmary, 
Salisbury SP2 7SX (1243) 





CHALLENGE OF MEDICAL EDITING 


Ambitious EDITORIAL ASSISTANT wanted 
urgently for developing educational publication for 
doctors ‘Phone 01-387 2297 (1241) 





LABORATORY TECHNICIAN 


Required for work in Haematology/Climcal Bio- 
chemistry Department Minimum qualifications ‘O’ 
level English, Maths, Science or ONC in Applied 
Biology Experience desirable 

Apply in writing to N J Dent, Chief Technician, 
Consultox Laboratories, 188 Brent Crescent, London 
NW 10 Tel 01-965 1157 (1195) 





TECHNICIAN/JUNIOR | TECHNICIAN RE- 
quired in Department of Bacteriology Applicants 
should hold ON C /HNC or equivalent qualifica- 
tions Excellent facilities for HNC or special 
examination study Salary according to qualifica- 
tons and experience —Applications to the Secretary, 
Royal Postgraduate Medical School, Hammersmith 
Hospital, DuCane Road, London W12 OHS, quoting 
Reference 5/N (1230) 


HOSPITAL BIOCHEMIST (BASIC GRADE) 
GRADUATE 1n Biochemistry or allied subjects re- 
quired to train in Clinical Chemistry. under super- 
vision of Consultant Chemical Pathologist Salary 
scale, Honours degree £1,566 to £1,980 per annum 
according to qualifications and experience, plus £125 
Eondon Weighting per annum ingle accommoda- 
uon could probably be provided —Apphcauon forms 
obtainable from, and returnable to, Consultant Chemi- 
cal Pathologist, Clinical Laboratories, The Maudsley 
Hospital, Denmark Hill, London SES 8AZ (1219) 





RESEARCH ASSISTANT required for one year to 
work on methods for the estimation of anticonvulsant 
drugs Preference will be given to a graduate*with 
experience of gas chromatography Salary according 
to experience —Please reply, giving full details and 
the names and addresses of two referees, to Professor 
Vincent Marks, Department of Biochemistry, Epsom 
Hospital Laboratqyies, West, Park Hospital, «Epsom, 
Surrey » (1175) 


NATIONAL INSTITUTE OF 
AGRICULTURAL BOTANY 


RESEARCH ASSISTANT 


Research Assistant required to study the causation 
and developmental pattern of abnormality in seed- 
lings produced during germination tests Candidates 
should have appropriate research experience and 
hold a postgraduate degree Commencing salary 
from £1,217 at age 21 to £1,627 age 26 to maximum 
£2,567 per annum FSSU 

Application forms and particu'ars can be obtained 
from the Establishments Officer, National Institute 
of Agricultura! Botany, Huntingdon Road, Cam- 
brdge CB3 OLE, quoting Reference SV/13 (28 





UNIVERSITY OF HULL 
CHAIR OF COMPUTER STUDIES 


Applications are invited for the Chair of Computer 
Studies 

Initial salary will be within the range £5,625 to 
£6,480 per annum, and in addition there will be 
FSSU benefits 

Further paruculars may be obtained from the 
Registrar of the University, to whom applications (14 
copies) should be sent by November 14, 1973 1252) 


UNIVERSITY OF LEICESTER 
MEDICAL SCHOOL 


LECTURER IN ANATOMY 


Applications are invited for a LECTURESHIP in 
the Department of Anatomy The successful candi- 
date will participate in the teaching of medical and 
honours science students in the new Medical School 
An active research interest 1s necessary 

Initial salary, dependent on qualifications and ex- 
perlence, on the scale £1,929 to £4,548, with FSSU 
membership 

Further particulars from the Registrar, to whom 
applications should be sent by December 5 Please 
quote A303 

Informal inquiries may be made directly to the 
Professor of Anatomy (1254) 








THE LONDON HOSPITAL 
MEDICAL COLLEGE 
(UNIVERSITY OF LONDON) 


RESEARCH ASSISTANTS— 
BIOCHEMISTRY AND PHYSICAL 
BIOCHEMISTRY 


Applications are invited for the above two appoint- 
ments The first will concern work on enzymes in 
trypanosomes and the second on the chemistry of 
calceium phosphates These appointments are suit- 
able for young graduates and will be within the 
salary range of £1,563 to £1,722, plus £162 London 
Allowance per annum Inquiries to either Dr C W 
Parr or Dr J C Elhott, telephone 01-247 0644 
(Biochemistry) 

Applications to the Secretary, The London Hos- 
pital Medical College, Turner Street, London EI 
2AD, within 14 days (1255) 





UNIVERSITY OF BIRMINGHAM 
INSTITUTE OF CHILD HEALTH 


A technical vacancy exists in a research unit 
investigating the biochemical defect in cystic fibrosis 
Previous technical experience tn cell separation, cul- 
ture or cell biochemistry an advantage Further in- 
formation from Mr G A Brown, telephone 021-454 

Salary on scale up to £1 920 per annum 

Applications to Assistant Secretary (Personnel), 
University of Birmingham, PO Box 363, Birming- 
ham B15 2TT, quoting reference 854/B/915 

(1257) 


BIOLOGIST--BIOCHEMIST 


Applications are invited for an Assistant Professor- 
ship in Biology at Scarborough College, University 
of Toronto Candidates should have completed all 
the requirements of a PhD or equivalent in bio- 
chemistry or alhed fields, and be prepared to teach 
an undergraduate biochemistry course, take part in 
senior undergraduate and graduate instruction in 
their field of special competence, and pursue re- 
Search Salary $12,500 per annum Appointment 
effective July 1, 1974 

Applications to Dr J C Ritchie, Chairman, Life 
Sciences, Scarborough Collggg, University of Toronto, 
West Hill, Ontario (1258) 








UNIVERSJTY OF ABERDEEN 
LECTURESHIP IN PHARMACOLOGY 


Applications are inyite! for above post Salary on 
scale if medically qualified £2,538 *o £4,875, other- 
wise £1,929 to £4,548, with imtal placing according 
to qualifications Sand experience 

Further particulars from The Secretary, The Uni- 
versity, Aberdeen, with whom applications (6 copies) 
should be lodged by November 3, 1973 (1227) 
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UNIVERSITY OF QUEENSLAND 
AUSTRALIA 


LECTURER/SENIOR LECTURER IN 
NUMERICAL ANALYSIS 
DEPARTMENT OF MATHEMATICS 


Applicants should possess a higher degree and have 
some experience in teaching and research 

Salary Sentor Lecturer $A12,268 to $A14,308 per 
annum, Lecturer $A8,698 to $A11,982 per annum 

Other benefits Superannuation similar to FSSU, 
housing assistance, study leave, and travelling and 
removal expenses 

Additional information and application forms are 
obtainable from the Secrctary-General, Association 
of Commonwealth Universities (Appts), 36 Gordon 
Square, London WCIH 0PF 

Applications close in London and in Brisbane on 
November 30, 1973 (1223) 


AGRICULTURAL RESEARCH COUNCIL 


VETERINARY RESEARCH OFFICER/SENIOR 
VETERINARY RESEARCH OFFICER 


Applications are invited for a new post in the 
Abattoir Section, which will be concerned initially 
with investigations into stress and disease transmis- 
sion during transport and lairing of fiaughter stock 
in relation to carcass quality Applicants should 





®have a veterinary degree, preferably with an anter- 


calated qualhfication in physiology 

Salary VRO £2,445-£3,095 per annum, or 
SVRO £3,095-£3,742 per annum according to 
pos graduate experience Superannuation under 
FSSU, with a compensatory non-pensionable 
allowance of 44 per cent of basic salary 

Apphcation form (quote Ref AC18) to Secretary, 
Mcat Research Insutute, Langford, Bristol BS ey 

(124 


UNIVERSITY OF ABERDEEN 


DEPARTMENTS OF CHEMICAL PATHOLOGY 
AND MEDICAL PHYSICS 


BIOCHEMIST with postgraduate research experi- 
ence required to investigate origin of spin resonance 
signals from human tissue samples, working with 
small team from other disciplines Appointment 
supported by grant for two years in first instance 
Salary on Research Assistant scale, £1662 to £2,304 
or £2,310 to £3,093, with placing according to age, 
qual fications and experience 

Further particulars from the Secretary, The Uni- 
versity, Aberdeen, with whom applications (3 copies) 
should be lodged by November 10, 1973 (1262) 


TECHNICIAN/TECHNICAL OFFICER RE- 
quired to join. research laboratory interested in 
gastrointestinal disease Candidates should hold 
either HNC or a degree in a biochemically associ- 
ated field Salary according to qualifications and 
experience Applications to the Secretary, Royal 
Postgraduate Medical School, DuCane Road, London 
W12 OHS, quoting Reference 2/111/N (1231) 


FELLOWSHIPS AND 
STUDENTSHIPS 


AUSTRALIAN NATIONAL 
UNIVERSITY 


Applications are invited for the following 


RESEARCH SCHOOL OF SOCIAL 
SCIENCES 
FELLOW IN STATISTICS 


Appointment will be in the Department of Statis- 
ucs (Head Professor P A P Moran) The person 
appointed will be expected to devote up to one-half 
of his or her time in the Schools of Social Sciences 
and Pacific Studies acung as an adviser on statis- 
ucal problems in the social sciences, and the re- 
mainder of the time doing research on some branch 
of theoretical or applied statistics in the Department 
of Statistics, which 1s located in the Mathematical 
Sciences Building Accommodation will be provided 
in both buildings Closing date November 23, 1973 


RESEARCH SCHOOL OF BIOLOGICAL 
SCIENCES 
FELLOW IN NEUROBIOLOGY 


Appointment will be ın the Department of Neuro- 
biology (Head Professor G A M Horridge) Appli- 
cants should have several years’ postdoctoral experi- 
ence in analysis of neuronal mechanisms 

Salaries On appointment will be in accordance 
with qualifications and experience within the Fellow’s 
range of $A10,432-$14,288 per annum (5x $428 
4x $429) (current exchange rates are approximately 
$A1 S5np SUSIA4D 

Other conditions Tenure of appointment Fellow 
for five years in the first instance, with the possi- 
bility of extension to retiring age 

Reasonable travel expenses are paid and assistance 
with housing 1s provided for an appointee from out- 
side Canberra Suptrannuation is on the FSSU 
pattern. with supplementary benefits 

The University reserves the right not to make an 
appoin ment or te make an appointment by invtita- 
uon at any time 

Further information should be obtained from the 
Association of Commonwea]th Universities (Appts ), 
36 Gordon Square, Londor WCIH OPF (1236) 
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STUDY IN THE 
USSR 


Under the Anglo-Soviet Cultural 
Agreement, studentships at Soviet uni- 
versities and other centres of higher edu- 
cation will be offered in 1974/75 for the 
academic year or for shorter periods of 
2-6 months Postgraduates in any 
academic subject can apply Some 
awards will be made to undergraduates 
studying Russian who will have com- 
pleted at least two years of the course 
by summer 1974, and up to three awards 
are available for studies in the theory of 
the arts and in the performing arts 
Candidates must be United Kingdom 
citizens ayd must have a working know- 
ledge of Russian Undergraduates should 
approach their Head of Department and 
postgraduates should write (quoting R4) 
for further details and application forms 
to the address below ^ Closmg date: 
December 1, 1973, 


Higher Education Department, 
The British Council, 

State House, 

High Holborn, 

London WCIR 4SZ 


NATIONAL COLLEGE OF 
RUBBER TECHNOLOGY 


The Polytechnic of North London 


POLYMER 
RESEARGH 


Applications are invited for a Post- 


Doctoral Fellowship to work on the 
absorption and desorption of volatile 
fluids from potting resins The Fellow- 
ship 1s available for one year in the 
first 1nstance 


Further particulars from Dr D. C. 
Blackley, Reader in Polymer Science 
and Technology, National College of 
Rubber Technology, The Polytechnic 
of North London, Holloway, London 
N7 8DB. 

(1207) 





QUEEN MARY COLLEGE 
UNIVERSITY F LONDON 
FUNDAMENTAL TURBULENCE THEORIES 
(READVERTISEMENT) 


Applicauons are invited for appointment as a 
postdoctoral RESEARCH FELLOW, for 2 years in 
the first instance, on an SRC supported investiga- 
tion The prime obstacle to progress with these 
theories 1s the problem of closure Possible solu- 
tions are now available and it 15 a matter of interest 
and urgency to discover their umplications for prac- 
tical problems Candidates should have, or be about 
to acquire a PhD and be able to produce evidence 
of the high mathematical attamment and real 
research ability which is imperative for these difficult 
problems Experience with fluid or statistical 
mechanics an advantage Programming assistance will 
be available . 

Salary within scale £1,929-£2,553 pa plus £162 
London Allowance Applications (giving age, quali- 
fications, experience and names ang addresses of 2 
referees) as soon as possible to Professor D C 
Leslie (N), Department of Nuclear Engineering, Queen 
Mary College, Mile End Road, London El 4NS, 
from whom further detafls are available (1204) 
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THE UNIVERSITY OF LANCASTER 
DEPARTMENT OF BIOLOGICAL SCIENCES 
and 
THE LANCASHIRE AND WESTERN SEA FISHERIES 
JOINT COMMITTEE 


RESEARCH STUDENTSHIP 


in MARINE ECOLOGY/POLLUTION 


Applications are invited for a three-year post graduate studentship to study 
the biological effects of liquid. waste from the manufacture of antibiotics 
and other pharmaceutical products on the fauna of part of Morecambe Bay 
Some experience in the fields of marine productivity/ quantitative intertidal 
ecology and/or physiology of marine organisms would be an advantage 
The value of the award will be equivalent to that of a SRC/NERC Research 
Studentship and the successful candidate will be expected to register for 
a higher degree at the University of Lancaster 


Further details may be obtained from Professor W. T. W. Potts, Depart- 
ment of Biological Sciences, The University of Lancaster, Bailrigg, Lancaster, 
to whom applications, together with the names of two referees, should be 


sent on or before Wednesday, November 7, 1973 


(1260) 





LIVERPOOL POLYTECHNIC 
Department of Biology 


RESEARCH STUDENTSHIP IN MICROBIOLOGY 


Applications are invited from first or 


good second class honours graduates 


in Microbiology or Biochemistry for a studentship sponsored by Shell 


Research Ltd 


The successful candidate will be expected to register as a 


PhD student and undertake a research project concerned with the micro- 


biology of engineering coolants 
SRC studentship 


The value of the grant is the same as an 


Application forms and further particulars available from Staff Office, 
Dept N, Liverpool Polytechnic, Richmond House, 1 Rumford Place, L3 


9RH 





FIFE DISTRICT LABORATORY 
KIRKCALDY 
MEDICAL LABORATORY TECHNICIAN or 
BSc required by Fife District Laboratory, 
CLINICAL CHEMISTRY department Prefer. 
ence will be given to qualified State Registered 
technicians or graduates in biochemistry, but 
applications from other graduates or school- 
leavers will be considered Conditions of ser- 
vice and salary scales according to Whitley 
Council regulations Assistance will be given 
with the search for housing accommodation 
Closing date for applications November 17, 
1973 Application forms and further details 
from the Semor Chief Techmcian, Fife District 
Laboratory, Hayfield Road Kirkcaldy, there- 
after they should be returned to the Medical 
Supermtendent East Fife Hospitals Board, 
Hayfield Road, Kirkcaldy (1256) 
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UNIVERSITY OF AUCKLAND 
NEW ZEALAND 


SCHOOL OF MEDICINE 


SENIOR RESEARCH FELLOW OR 
RESEARCH FELLOW (NON-MEDICAL) 
IN CLINICAL PHARMACOLOGY 


The University Council invites applications from 
non-medical graduates with sound training in clinical 
pharmacology and biochemistry for the above- 
menuoned position, which has been sponsored by 
Merck, Sharpe and Dohme (New Zealand) Ltd The 
Fellowship is tenable in the Section of Clinical 
Pharmacology of the Department of Medicine 

The Research Fellow will be required to undertake 
research in biochemical and analytical aspects of 
clinical pharmacology, both undertaking his own 
research project and also working in association with 
other members of the Secuon of Clinical! Pharma- 
cology, including development of new methods 
within the section Generous facilities, both space 
and equipment, are available, including some techni- 
cal help 


In the first instance the appointment will be tgr d 


two years 

Salary will be determined according to qualifica- 
tons and experience w thin the range for Lecturers 
and Senior Lecturers (non-medical) $NZ6,335 by 6 to 
$NZ8,103, $NZ8,249 by 5 to $NZ9,723 An excep- 
tionally well-qualified applicant may be considered 
for appointment up to a maximum of $NZ10,606 per 
annum 

An allowance within approved limits will be made 
towafds travel expenses 

Conditions of appotntment and method of applica- 
uon are available efrom the Association of Common- 
wealth Universities. (Appts), 36 Gordon Square, 
London WCIH OPF .. e s 

Applications close on November 19, 1973 «1222) 





NATURAL ENVIRONMENT 
RESEARCH COUNCIL 


RESEARCH 
STUDENTSHIP 


Applications are invited from candidates who 
have a flair for fieldwork and wish to work 
on the population dynamics of voles and their 
avian predators The project will form part 
of a Nature Conservancy Programme investi- 
gating effects of forests and other land uses 
on wildlife The successful candidate will work 
with Nature Conservancy staff under the guid- 
ance of Dr I Newton with additional super- 
vision from Dr J D Lockie of the Depart- 
ment of Forestry and- Natural Resources, 
University of Edinburgh 


The successful applicant, who must have a 
good Honours degree in an appropriate sub- 
ject, will be expected to enrol for a higher 
degree The Studentship will be tenable for up 
to three years The basic grant will be £675 
per annum, plus approved fees 


Applications, by letter, giving full detaus of 
qualifications and experience and the names of 
two academic referees, should be sent to Pro- 
fessor F T Last, Department of Forestry and 
Natural Resources, University of Edinburgh, 
King’s Buildings, Mayfield Road, Edinburgh 
EH9 3JU, not later than November 9, 1973 
Please quote reference 5077 (1191) 


UNIVERSITY OF BIRMINGHAM 
DEPARTMENT OF PHYSICS 


Applications are invited for a post-doctoral RE- 
SEARCH FELLOWSHIP for work with Professor 
G C Morrison in nuclear structure research with 
emphasis on heavy-ion induced reactions The post 
ıs tenable for up to three years 

Salary £1,929-£2,223 plus FSSU 

Applications (3 copies), naming 3 referees, by 
December 31, 1973, to Assistant Registrar (S, PO 
Box 363, University of Birmingham, Birmingham B15 
2TT Please quote Ref NPI (1217) 


POSTDOCTORAL FELLOWSHIP 
IN ENZYMOLOGY 
Trent University, Canada 


Applications are invited for postdoctoral fellowship 
ın enzymology for furanocoumarin biosynthesis in 
plants and plant cell cultures, available ummediately 
PhD and enzymological experience essential, pre- 
ferably with plants Salary up to Can$8,520 (taxable), 
according to experience — Travel assistance for appli- 
cant only 

Send application, with supporting data, to Professor 
S A Brown, Trent University, Peterborough, Ontario, 
Canada K9J 7B8, from whom further details are 
available (1166) 





SYMPOSIUM 


UNIVERSITY OF READING 


NATIONAL COLLEGE OF FOOD 
TECHNOLOGY 


INTERNATIONAL SYMPOSIUM 
ON VITAMIN C 


A two-day 1nternational symposium on 
VITAMIN C will be held on April 2 and 
3, 1974, at the National College of Food 
Technology Speakers from Europe, Ire- 


land and the U K will talk on the food, 
health and chemical aspects of vitamin C 
and its role in food manufacture Par- 
ticipants are limited to 150 Symposium 
fee, £35, includes a free copy of book of 
proceedings Academics admitted for 
£17 50 Registrations may now be made 
wit 


The Secretary, 
National College of Food Technology, 
(University of Reading), 
St George’s Avenue, 
Weybridge, Surrey 
(1248) 
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LECTURES AND COURSES 


UNIVERSITY OF LONDON 
two lectures entitled ‘“ Regression Analysis in the 
Computer Age" will be delivered by Professor F J 
Anscombe (Yale), at 330 pm on October 26 at 
the London School of Economics, Houghton Street 
Aldwych, W C2, and at 530 pm on October 29 
at University College (Gustave Tuck Theatre), Gower 
Street, WCI1 Admission free, without ticket — 
Academic Registrar (1179) 


A COURSE OF 





FOR SALE AND WANTED 


Always wanted 

BACK RUNS OF JOURNALS 
IN SCIENCE AND THE HUMANITIES 
WM DAWSON & SONS LTD 

Back Issues Department, 
Cannon House, Park Farm Road, 

Folkestone, Kent, England 
Tel Folkestone 57421 a) 


NATURE 1932-1966 


Bound NATURE Volumes 130-212, 
July 1932-December 1966, only one 
copy of each, 83 books Tenders 
invited for whole or part collection 


Please write to The Marketing 
Director, Macmillan Journals Ltd, 4 
Little Essex Street, London WC2R 
3LF, by December 31 








Books o 


AND APPLIED S 


LARGE STOCK ALWAYS AVAILABLE 


Many of the books 
mentioned in this journal 


reviewed or 


N PURE 
CIENCE 


24 issues p a. 


A new series from the Soviet Union (in Russian) 


‘ADVANCE TECHNICAL BRIEFS’ 


BIOCHEMISTRY OF PLANTS 


Ref 72388 


Annual sub £3 70 


FOOD, FERMENTATION & SUGAR INDUSTRY 


Ref 72403 


are available Ref 72406 


Annual sub £9 45 


NATURAL COMPOUNDS & THEIR SYNTHETIC ANALOGS 


Annual sub £3 70 


from stock. 
with the least possible delay. 


Catalogues on application. Please state interests 


SCIENTIFIC LIBRARY 


' New books and latest editions available promptly 


ANNUAL SUBSCRIPTION from £3.00 
(Reduced rates for multiple subscriptions) 


Available in U K only 


Prospectus free on request 


<$ Second-hand Books 


Large stock of recent editions 


H. K. LEWIS, & Co. Ltd.’ 


LONDON.,136 GOWER STREET, WCIE 6BS 
Telephone 01-387 4282 


Foreign books supplied 





AMINO ACIDS, PROTEINS & NUCLEIC ACIDS 
Ref 72384 Annual sub £3 70 


Send for 1974 catalogues of Soviet technical & scientific journals 


Denington Estate, 
WELLINGBOROUGH, Northants. 


Display Advertising for 


Nature 


USA 

NATURE SCIENTIFIC PUBLICATIONS INC. 
711 National Press Building 

Washington DC 20004 

202 737-2355 


Elsewhere 


ADVERTISEMENT DEPARTMENT 
MA@MILLAN JOURNALS LIMITED 

4 Little Essex Street, London WC2R 3LF 
01-836-6633 
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Lepetit Colloquia on 
Biology and Medicine 


Editor: LUIGI G. SILVESTRI, Director of the Department of Microbiology, 
Gruppo Lepetit, Milan, Italy. 








Possible Episomes in Eukaryotes 


Proceedings of the Fourth Lepetit Colloquium, held in Cocoyoc, November 1972. 


1973. 334 pages. Dfl. 49.00 (about US$18.90) 


CellInteractions 


Proceedings of the Third Lepetit Colloquium, held in London, November 1971. 
1972. 324 pages. Dfl. 45.00 (about US$17.30) 


The volume will interest research workers in neurobiology, immunology, cellular 
differentiation, genetics, cell culture and leukaemia. The standard of contributions is 
high. The Medical Journat of Australia 


The Biology of 
Oncogenic Viruses 
Progeedings of the Second Lepetit Colloquium, held in Paris, November 1970. 


1971. 352 pages. Dfl. 45.00 (about US $17.30) 


Wer sich über den neuesten Stand des Virus-Krebsproblems informieren will, dem 
sei die Lektüre dieser von namhaften Experten verfassten Arbeiten dringend 


empfohlen. Zeitschrift für allgemeine Mikrobiologie 


RNA-Polymerase and 
Transcription 


Proceedings of the First Lepetit Colloquium, held in Florence, November 1969. 
497°. 350 pages. Dfl. 43.00 (about US $16.50) 


This book will be of general interest to those interested in RNA polymerase and 
transcription and will be required reading for those working in thís area. 
The Quarterly Review of Biology 


. 
i P.O. BOX 211 
orth-holland ss: 
: ais. THE NETHERLANDS 


Sole distributors for the U.S.A, and Canada . 
American Elsevier Publishing Company, Inc., 52 Vanderbilt Avenue, New York, N.Y. 10017 
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This is a new 





Pharmacia Gel Electrophoresis System 


for polyacrylamide gradient electrophoresis 
and other P.A.G.E. techniques 


The complete system 

Full capabilities for the new pore gradient electrophoresis 
technique, two dimensional studies, gel rod electro- 
phoresis. 


Polyacrylamide gradient gels PAA 4/30 

Convenient ready-to-use gradient gel slabs give extreme 
resolution over the whole range 50,000—2 million MW. 
Self-limiting migration concentrates the zones after sepa- 
ration by molecular size. 


Gel electrophoresis apparatus GE-4 
4 gel slabs, 12 samples on each, or 16 gel rod capacity. 
Robust moulded construction with built-in cooling system. 


Nus range of accessories for all applications. 


Electrophoresis power supply EPS 500/400 

Compact, all solid state. 0—400 mA constant current, 
0—500 V constant voltage with automatic cross-over. 
Maximum effect 60 W. Full personnel and instrument 
protection. Available 1974. 


Gel destainer GD-4 

Electrophoretic or diffusion destaining of slabs or rods in a 
single operation. Twin cells. Active dye removal and sol- 
vent circulation. Results can be inspected at any time. 


Destainer power supply DPS d 
Compact, reliable, all solid state. Push-button selected 
constant voltages 12, 24, or 36 V. Timer controls electro- 
phoretic destaining up to 90 minutes. 


ee 2 
Find out more about the Pharmacia Gel Electrophoresis System from your usual supplier of Sephadex * and Sepharose*. 





Pharmacia Fine Chemicals AB ' ^ 
Box 175 . 
S-751 04 Uppsala 1 . * 


Sweden e z . 


Pharmacia 
Fine Chemicals 
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THE MOON. Considered as a Planet, 


a World, and a Satellite. By JAMES NASMYTH, CE, and 
JAMES CARPENTER, F.R.A S. With numerous Illustrations. gto, 


PERSONAL RECOLLECTIONS, FROM 
EARLY LIFE TO OLD AGE. By MARY SOMERVILLE. With 
Selections from her Correspondence. Edited by her Daughter, 
Marta SoMERVILLE. With Portrait. Crown 8vo. 


*. 


The MAINTENANCE of the CHURCH 
OF ENGLAND AS AN ESTABLISHED CHURCH. By Rev 
C. HOLE, Rey. R. W. DIXON, and Rev. J. LLOYD, Three 
Essays to which the Prizes offered by H. W. Peek, M.P., were 
awarded. 8vo. 


The ORIGIN AND HISTORY of the 
GRENADIER GUARDS, from Documents in the State Paper Office, 
War Office, Horse Guards, &c. By Lieut.-Gen. Sir F. W. HAMIL- 
TON, K.C.B. With Llustrations, 3 vols, 8vo. 


ENGLAND and RUSSIA in the EAST. 


Essavs on the Political and Gengraphical Condition of Central Asia. 
By Major-Gen. Sir HENRY RAWLINSON, K U.B. 8vo. 


The NATURALIST in NICARAGUA. 


By THOMAS BELT, F.G.S, With Illustrations. Post 8vo. 


e 
MEMOIR of WILLIAM ELLIS, MIS- 
SIONARY in the Scuth Seas and Madagascar. By his SON. With 
an Estimate of his Character, by HENRY ALLON, D.D. With 
Portrait, 8vo. 


SHADOWS of a SICK-ROOM. 16mo. 


(Ready. 


From “Mr Murray's List of Forthcoming Works”, 
Nature, October 23, 1873 





A POPULAR and UNIFORM EDITION 


of Canon Robertson's History of the Christian Church, from the Apos- 
tolic Age to the Reformation, i517. 8 vols. post 8vo, (To be published 
quarterly.) 


The MODERN STYLES of ARCHITEC- 
TURE. By JAMES FERGUSSON, FRS, A new and revised 
Edition.) With 300 Illustrations, Medium 8vo. 


HORSE-SHOEING; AS IT IS, AND AS 


ITSHOULD BE. By WILLIAM DOUGLAS, late of roth Hussars. 
With Ulustrations. Past Evo. 


A HISTORY of the ROYAL ARTILLERY. 
Compiled from the Original Records, By Capt. DUNCAN, R.A. 
Vol Tl. With Frontispiece and .ndex. Completing the Work. 8vo. 


PERILS in the POLAR SEAS; Stories of 


Arctic Adventure, narrated by a Mother to her Children. With Hus- 
trations, Post 8vo. 


AN HISTORICAL ATLAS of ANCIENT 


GEOGRAPHY, Biblical and Classical, Compiled under the Superia- 
tendence of Dr. Wm. Smi h and Mr. George Grove. Part LIL Polio, 
215, 


SIGNS and WONDERS in the LAND of 
HAM. A Description of the Ten Plagues of Egypt, with Ancient ard 
Modern Parallels, and Hlustrauions. By Rev. T. S. MILLINGTON. 
With Woodouts. Past Svo, 


THE FRENCH PRINCIPIA. A First 


French Course, containing Grammar, Delectus, Exercises, and Vocabu- 
laries. :2mo. On the plan of Dr. William Smith's “ Principia Latina. 










UNIyUE OR UNIVERSAL 
Fither way its the Model F17 


Our new Gas Chromatograph can handle every type of 
sample with outstanding precision and accuracy. 


Yet its modular design permits us to supply an 
instrument to your exact requirement at a surprisingly 


low price. A f 

Your choice can range from a simple isothermal single POST OFFICE LANE BEACONSFIELD d 
È : BUCKINGHAMSH 

detector version to a fully automatic temperature Sev each elle c Hs 

programmed version with simultaneous multi-detector TELEPHONE BEACONSFIELD 6161 

operation. We have included many desirable features as a TELEGRAMS’ PECO BEACONSFIELO 


result of experience with all the difficult samples you have 

sent us over the years so that we are confident that 

whatever the problem, if it can be solved by gas 

chromatography, the Model F17 will do it. Send for your PERKIN-ELMER 
brochure and catalogue today. 


Scientific Instruments 


Infrared, ultraviolet, fluorescence and atomic 
absorption spectrophotometers, gas and liquid R 
chromatographs, polarimeters, molecular 
weight apparatus, differential thermal and ' 
elemental analysers, mass, nuclear magnetic 
resonance and photoelectron spectrometegs, . 
electron microscopes and electronic recorders 
E 
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Young Scientists are Distinguished Too n : . 401 Cloud physics—Production of ice crystals in slightly 4 
super cooled cumulus-—MASON (Meo 2S 
: Office, Bracknell) . : ; , SOME 
OLD WORLD : M. 
: e Pleistocene—Radiocarbon dating of Oggof-yr-Ychen, 
Bad Blow for Optical Astronomy in Britain/French West Wales--VAN NEDERVELDE (The Abbey, 
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l Bangor) and JOHN (Durham) : 453 
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Public Interest Groups Meet/Sakharov/Canada/Energy . — 405 

: i USE Climatology —Trade wind and temperature correlations 
down a deep-sea core--PARKIN aes and .. 
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Radiation-induced Mutation. in Man/No Trip-up this 
Time/Sun and Weather/Pesticides/Viruses/Entomo- 
logy/Leprosy/Navigation/Colloid nee Tec- 


Thermodynamics—Free energy of non-isothermal sys 
tems—-WILKIE (University College, London) . vo B87. 


tonics/Solid State Devices — . . : . 407 
Biological Sciences 
Cyclic GMP-—Inhibition of cell movement--ESTEN- 
ARTICLES SEN, HILL, QUIE, HOGAN and asian 5 
Measuring the Class Structure. — STEWART, PRANDY (Minnesota) E 
and BLACKBURN (Cambridge) . ^^. 415 . . Kor x SENS 
Au Mutation—Uniformity of radiation-induced mutation: © 
Educability and Gloup Differences—THODAY ae rates among different species ABRAHAMSON -. 
bridge) : 418 (Wisconsin), BENDER (Johns Hopkins), CONGER — 


Meteorology—Solar cycle and climatic changes—K ING (Temple) and WOLFF (California, San Francisco) 


(Radio and Space Research Station, Slough) . e Me Sulphaquinoxaline—Sub-lethal effect on the tsetse fly 


Brain—Regional distribution of opiate receptors in Glossina austeni —JORDAN agd TREWERN (Bristol) S 
monkey and human brain—-KUHAR, PERT and  ,, ; 


SNYDER (Johns Hopkins) . 2 : 447 





Noées of articles appearing next week in Nat 
Physical Science and Nature New Biology will be 
on pages 411 to 414 Ü 
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v onosphere— Nature. of D- De m (Novosi- 
sk S : x ; 
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A choice of bright or dark field 
in the stereomicroscope 


eo The new transmitted-light stand for Wild stereomicroscopes 
e s designed for both bright and dark field. No adjust 
just move a lever and you change straight from 
tl t! The far Jed 12 V/100 W halogen lamp 


= Jus cing ma ow ini 
A» gives uniform illumination the new stand is particularly 
table f itomicrography 


<> k " OANT : 
Wild Heerbrugg Ltd., CH-9435 Heerbrugg, Wi LC 


—-— Switzerland HEERBRUGG 















|. BOOK REVIEW SUPPLEMENT 


GENERAL BOOKS 


Toward Global Equilibrium: Collected Papers, Dennis L. Meadows. and Donella Meadows (editors) 
(ERIC ASHBY)  . ; ; : . ier : ; 

Chalcacingo, Carlo T. E. Gay. (MERRILL C. RU EPPEL) 

A Concise History of Science in India, D. M. m S. N. Sen, and B. v. - Subbarayappa (editor (IOSEPH 
NEEDHAM) . a à : ‘ TO ; 

Oceanography, R. Gordon Pirie (editor) (illus. ). 

Pedigree: Essays on the Etymology of Words from Nature, stephen Potter a Laurens Sargent 
(N. W, PIRIE) i $ 5 " 

The Numbers Game; The Bjand Totalitarianism, Harry Hopkins (DARRELL HUFF) 

Nuclear Politics, Andrew J, Pierre (MARGARET GOWING) A 

Flies and Disease, Bernard Greenberg (illus.) 

David Rivett: Fighter for Australian Science, Rohan Rivet (MAURICE GOLDSMITH) 

‘Leibniz and Dynamics: The Texts of 1692, Pierre Costabel (E. J. CRAIG) . 

The International Book of Trees, Hugh Johnson (illus.) Í . 


PHYSICAL SCIENCES 


Magnetic Interactions in Solids, H. J. Zeiger and G. W, Pratt (C. A. BATES) " 

A Textbook of Physical Chemistry, Arthur W. Adamson (E. A. MOELWYN-HUGHES) 

Fast Ion Transport in Solids, W. van Gool (editor) (A. G. HOLMES-SIEDLE) . 

Aerosols and Atmospheric. Chemistry, G. M. Hidy (editor) (ALAN B. HEDLEY) 

Electrostatics and its Applications, A. D. Moore (editor) (R. G. P. VOSS) . gU 

Waves on Beaches and the Resulting Sediment Transport, R. E. Meyer (editor) (A. J. BOWEN) 

Selected Molecular Rearrangements, T. S. Stevens and W. E. Watts (D. V. BANTHORPE) . . 

Coherence and Quantum Optics, L. Mandel and E. Wolf (editors) (D. G. C. JONES) i 

Gravitational Waves in Einstein's Theory, V. D. Zakharov (G. W. GIBBONS) . 

Environmental Quality and Safety, F. Coulston and F, Korte (editors) (P. S. EU 

The Quiet Sun, Edward G. Gibson (illus.) s i 

Molecular Structure and Properties, G. Allen (editor) d. SHERIDAN) 

Pauli Lectures on Physics, Wolfgang Pauli (R. J. BLIN-STOYLE) 

The General Circulation. of. the" Tropical Atmosphere and Interactions wi vith Extratropical Latitudes, 
Regiffald E. Newell, John W, Kidson, Dayton G. Vincent, and George J. Boer (D. M 

The Geology of Kilimanjaro, C: Downie and P. Wilkinson (N. J. GUEST) . : 

The Nature of the Stratigraphical Record, Derek V. Ager (illus.) 

On the Explanation of Matter Wave Interference: Towards the End of Indeterministic Physics, c. w. 
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DISCERNING viewers were presented with a rare choice 
between the channels last week. ITV was showing the 
cliff-hanger of a soccer international between England 
and Poland; a match which England needed to win to 
proceed further in the World Cup—and did not. BBC 
was simultaneously showing a live programme in its 
Controversy series; a debate on the subject ‘Soviet Scien- 
tists; a,cause for concern?’ In terms of action it was no 
contest. There was no real spirit*to the rather formless 
debate until the last couple of minutes when Sir George 
Porter interrupted the reading of a quite interesting 
Communist apologia to substitute Sir Robert Robinson 
(as mistimed as Sir Alf Ramsey’s substitution of Mr 
Kevin Hector at Wembley). 

Nonetheless the debate, however cool and remote, did 
leave one clear feeling; that the British scientific hierarchy 
is elderly and does not convey a very lively impression 
of the state of British science. This remark is made in 
complete isolation from the question of who said what. 

Even though the Royal Society did not choose to send 
along any of its officers, it cannot easily avoid responsi- 
bility for this state of affairs. Since it claims to be the 
national academy of science for the United Kingdom, it 
must be held ultimately responsible for the health of 
science, and thus for the adequate management and 
representation of science and scientists of all levels in 
both national and international affairs. This it cannot do 
adequately within ijs present framework, because it lacks 
anything approaching a reasonable leavening of younger 
scientists. This is not to deny the need for elder statesmen. 
It is to assert that there is an ignored and large consti- 
tuency of younger men and women. These, particularly 
physical scientists, do their most imaginative work in the 
ten to fifteen years following graduation and that is the 
time when the best need every support that they can get, 
political, administrative and financial. This undoubtedly 
includes recognition by learned societies and most of all 
the Royal Society. Yet this recognition tends to come 
when the bloom of youth has worn off-—-almost as if the 
society waits until there cannot be a shadow of doubt that 
the work done is sound. Soundness seems to be a prized 
quality—one is reminded of the qualms of Nightingale in 
The Masters that Crawford might be elected to the 
mastership and then have his science discredited. 

Anyone can have pleasant sport with the omissions 
from the list of fellows. Every scientist, of whatever 
training, seems to find plate tectonics fascinating at pre- 
sent, but he should not look to the fellowship for much 
of a discussion of it, at least at first hand. Black holes 
fare a little better. Inadequate representation is notea 
misfortune only ‘of younger scientists. For instance, 
no-one seems to be a fellow by virtue of his ability to 
communicate science to laymen or schoolchildren or even,* 
some may cynically say, to undergraduates» In short the e 
ciety is far from being representative of the present 
cientific scene which is so diverse in its character. The 
making; particularly on such issues as international 


Young Scientists are Distinguished Too 

































collaboration, is in the hands of distinguished but at least 
middle-aged academics. No doubt a defence can be made 
that the society is greater than its fellowship in that it 
sponsors numerous committees and some excellent meet- 
ings, and also that many of its fellows have diverse interes 
and so in a sense cover the missing ground. All this 
true and yet it is inescapable that at the centre of the 
operation of the society is the need for a representative 
fellowship. : 

What remedy is there for the inadequacies? The Royal 
Society has a monopoly in speaking for British science. It 
chooses who and who not to have as its membership. It 
is unlikely that any government is going to have the time. 
to impose any reform on it and so the pressure must come 
from practising scientists both inside and outside the 
society. It would be better if the moves came from 
within and it seems inescapable that the only way to 
reform it is to increase the fellowship substantially. There 
are doubtless excellent administrative reasons why the 
society cannot bear a substantial increase in its number, 
just as Oxford and Cambridge colleges have sound admini- 
strative reasons (such as a lack of suitable lavatory 
facilities) for not wishing to go co-educational. One 
hopes that discussion does not hinge on these reason 
If the backlog of worthy candidates could be reduced 
rapidly, more conscious efforts could be made towards 
creating every year at least a portion of fellows in their 
late twenties and early thirties. There are plenty around 
who would add distinction by their election. 


100 Years Ago 


Publication of Learned Societies! Transactions 


IN NATURE, vol. viii. p. 506 Mr. Róhrs wishes that our learned - 
societies would publish their papcrs separately. I have urged this 
before in NATURE, but unsuccessfully. With Transactions such. as 
those of the Royal Society, the present system is. almost an. ab. 
surdity, for papers on most incongruous subjects are bound 
together, and the cost is too great. When once a -paj 
printed, the Council seem to think that there is nothing moi 

done, and do notin any way try to make the work kno 
All papers should be sold separately as cheaply as possible 
on publication, should be advertised in the scientific journals, 

If this were done, we should not have men like Prof, Sylvester 
writing as follows :—'* I ow my thanks to M. Radan and the 
editor of the Annals of the Ecole Normale Superieure for 
having been at the pains to disentomb the little known concl 
sions contained therein from their honourable: place of sepultu 

*inthe Philosophical Transactions.” W. B. Greas 


* 


From Nature, 8, 550, October 30,1873. © + 
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| Bad Blow for Optical Astronomy in Britain 


$ 


PROFESSOR MARGARET BURBIDGE has 
resigned as Director of the Royal 
Greenwich Observatory. The announce- 
ment last week came as no great surprise 
to the astronomical community in 
Britain, but the news of her car accident 
on Saturday, the day after her resig- 
nation, was received with dismay. For- 
tunately, Professor Burbidge’s injuries 
were restricted to a broken arm and 
multiple contusions and she was ex- 
pected *^ he dischar_-d from hospital 
in a few days, it was learnt earlier this 
week. Her husband, Professor 
Geoffrey Burbidge, was in California at 
the time but it was not deemed neces- 
sary for him to fly to Britain. 

Margaret Burbidge will relinquish her 
position at the RGO on November 30 
and will be succeeded by Dr Alan 
Hunter, the present deputy director at 
the observatory. She will then return 
to the University of California at San 
Diego where, once again, she will team 
up with her husband, who remained a 
member of the faculty there when his 
wife came back to Britain in the summer 
of 1972. 

The resignation has caused despon- 
dency among British astronomers, Dr 
Hunter said this week that it was "a 
terrible pity that she had resigned, for 
there were high hopes that Margaret 
Burbidge would have made a successful 
director". 

When Margaret Burbidge took up her 
appointment as director at Herstmon- 
ceux fifteen months ago she only took 
leave of absence from her faculty 
position at San Diego. It has always 
been clear that she might go back to 
California if the directorship of the 
RGO proved unsatisfactory. 

According to the Science Research 
Council, Professor Burbidge resigned 
because she prefers to return to her own 
research rather than devote a large part 
of her time to administrative matters. 
But in an interview in The Daily Tele- 
graph, reported before her accident, she 
put a slightly different slant on her 
resignation. She is reported as saying 


s hat she is the wrong person in the 
F job and that part of the trouble 
- “has Ween the inability of thè Science 


Research Council to provide a set-up 
where my husband and I could work 
together”. 

Several efforts have been made: how- 
ever, to bring Geoffrey Burbidge back 
to Britain. Last year he was offered a 
specially created post at the Royal 
Greenwich Obseryatory at a salary of 


£7,500 which compares most fayourably programmes. 


with the top of the professorial salary 
range. But he declined. He was also 
offered a chair at the University of 
Sussex, which is not too far from 


Professor E. Margaret Burbidge. 





Herstmonceux where he could have 
carried on with his work in theoretical 
astronomy, but this he also declined to 
accept. It is difficult to see how greater 
efforts could have been made to attract 
him back to Britain. 

Margaret Burbidge, according to The 
Daily Telegraph, is also disappointed 
that none of the expatriate astropomers 
who left Britain for clearer skies in the 
1980s and 1960s was offered any of the 
chairs of astronomy which became 
vacant in Britain in the past couple of 
years. 

The chairs which have been filled 
have been the two at the University of 
Cambridge, the Plumian Chair of 
Astronomy and Experimental Philo- 
sophy vacated by Sir Fred Hoyle and 
filled recently by Professor Martin Rees 
of the University of Sussex, and the 
Chair of Astrophysics vacated by Pro- 
fessor R. O. Redman which was filled 
by Professor Donald Lynden-Bell from 
the RGO. The other chair which has 
been filled most recently has been 
vacant twice during Margaret Bur- 





FRENCH SCIENCE 


Awaiting a Policy 


from La Recherche 
Tue 1974 French science budget is one 
of recession, similar to that of 1973. The 
budget will allow research activities to 
be maintained at a constant level, but 
it is certain that very few new activities 
will be launched. 

The enveloppe recherche for 1974 of 
Fr 4,056 million is 8.6 per cent more 
than it was the previous year. But an 
extra Fr 250 million has been put by 
for the L3S launcher which France has 
recently decided to construct. Because 
of the high rate of inflation in France 
last year, the increase barely covers 
present costs. 

Basic research, however, gets more 
than the average increase, with the 
budget to be increased by 10.6 per cent. 
Those engaged in socio-economic re- 
search (transport, for example) will do 
even better with an 11.3 per cent increase 
in their budgets. Industrial research, 
on the other hand, does badly with a 
5 per cent increase -planned, but the 
government has flecided to increase by 
25 per cent the funds planned for im- 

> e. FA. 
proving the technofogical competitive- 
ness of industry. But there is to be a 
cut-back in the funds for big nuclear 
Only 500 new jobs will 


be created by the new budget, compared 
with the 700 whigh were cfeated last 
year. 

The inevitable part of the announce- 
ment of the plan by a representative of 
the Ministry of Industrial and Scien- 
tific Development was the acknowledge- 
ment that research no longer has as high 
a priority in France as it has been 
accustomed to in recent years. 

The ministry had been forced to 
abandon the objectives of the sixth 
plan for research which covered the 
years 1971-75, and has substituted in 
its place a patchwork policy stressing 
different aspects every year. For ex- 
ample, aid to industrial research was 
sacrificed in 1973, but it is to be aug- 
mented substantially *in 1974. It is 
clear that the Ministry of Industrial and 
Scientific Development, which exercises 
supervision over a great number of re- 
search bodies, such as the Atomic 
Energy Commission and the National 
Center for Space Studies, finds it in- 
creasingly difficult to define the broad 
lines of a science policy (or even of 
industrial policy). Unfortunately the 
minister, M. Charbonnel, has insuffi- 
cient political weight in the present gov- 
ernment compared with the Minister of 
Finance, M. Giscard d'Estaing, to argue 
persuasive enough a case for science to 
retain its priorities. ° 
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bidge's brief reign at the RGO This 
1s at the University of Sussex, where 
first Professor W H McCrea retired 
and was replaced by Professor Martin 
Rees, on Rees's appointment to the 
Plumian Chair, the Job at Sussex was 
again vacant, and has now gone to Pro- 
fessor L  Mestel, previously of the 
University of Manchester 

Geoffrey Burbidge, speaking from 
San Diego this week, said that he totally 
supported his wife's actions He said 
"we are both totally frustrated about 
the situation The whole thing 1s a mess 
—we have tried and we have certainly 
failed” But there 1s one bright note 
Margaret Burbidge, according to her 
husband, is willing to remain on the 
board of the Anglo-Australian telescope 
if she is asked to S 

It was a year ago that Geoffrey Bur- 
bidge, ın a letter to Nature, condemned 
British optical astronomy as being 
“third rate” (Nature, 239, 117, 1972) 
He said this week that he still stood by 
what he had written then "The British 
astronomical establishment has con- 
sistently over the period since the war 
refused to face the real world or accept 
that anything was the matter, and when 
important decisions were made they 
were either hopelessly wrong or too late 
or both", said Professor Burbidge in 
1972 

Is there a solution to the problems 
which Geoffrey Burbidge sees in British 
optical astronomy? In his letter 
critical of the way in which this branch 
of astronomy ıs organised he says that 
*the only hope [to retrieve the situation 
in Britan] wouldeappear to be the 
creation of a new group or organisation 
with an international background which 
will set itself the single goal of creating 
somewhere in the world an optical 
observatory which, as far as climate and 
instrumentation are concerned, 1s second 
to none" It seems, from tbe experi- 
ences of the past two years, that at least 
this must be done to attract British 
expatriate astronomers back from the 
United States 


GLAXO LECTURE 


Medical Research Policy 


THERE is a need to bring young 
scientists more adequately into decision 
making, according to Professor W S 
Peart of St Mary's Hospital, London 
Professor Peart was speaking last week 
at the Royal Institution in a meeting 
organised by Glaxo to celebrate the 
twenty-fifth anniversary of the Glaxo 
Volume 

In his lecture entitled ‘Medical Re- 
search 1s too important to be left to the 
researchers!', Professor Peart followed 
the life of an imagmary young man 
aiming towards a career in renal 
diseases but who was frustrated at every 


turn by administrative changes After 
endless disappointments the young man 
finally became a lobbyist for a scientific 
society and was under-employed ever 
after 

Professor Peart contrasted the career 
of today’s young man with that of 
Richard Bright the early nineteenth 
century doctor whose brilliant career 
was helped along not a little by the 
apparent lack of any admunistrative 
ability to prevent him doing what he 
wanted 

Each of the obstacles the present-day 
Richard Bright encountered were tied 
in with specific actions by governments 
and learned societies, and lest it be 
thought that the system in the United 
States was any better, Professor Peart 
threw in trans-Atlantic swerves in 
policy for good measure He enun- 
ciated three principles which seemed to 
permeate much policy making, direction 


without discussion, direction. despite 
discussion and change for change's 
sake 


What remedies did he see for the 
problems of today? The educational 
system ıs a hurdle race with a very rigid 
set of rules governing the careers 
appropriate to particular qualifications 
He doubted that there was as great a 
need for specialising as medical training 
implied He contrasted the four or five 
academic hurdles that are placed in 
the way of the prospective researcher 
if he first qualifies in medicine, with 
the two that all other researchers need 
to overcome 

Scientists should watch very carefully 
the growth of a centralised governmental 
control for research linked to the 
Treasury Once a central bureaucracy 
is installed it is difficult to keep 
decisions away from governmental in- 
fluence and political control Unpre- 
judiced advice to governments was 
needed, and yet governments would 
willingly absorb advisory bodies to 
ensure that they got the advice they 
wanted Professor Peart drew parallels 
here with President Nixon's cancer 
initiative and political attempts in the 
United States to change student training 
programmes and make students con- 
tract with the state to repay their 
education bill 

Scientists could do a much better job 
of communicating with society and in 
particular with politicians said Profes- 
sor Peart Several learned societies in 
the United States had made a start with 
the congressional science fellowship 
programme and although he was not 
convinced that this was anything more 
than a public relations exercise, Profes- 
sor Peart felt there was a need for some 
structure in rel&tions with politicians, 
particularly these outside the govern- 
ment A science advisor as such finds 
himself very constricted by — his 
allegiance to government and hence to 
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a reticence and a segregation from the 
main body of science 

Professor Peart concluded by em- 
phasising the importance of a con- 
tinuing commitment to the young New 
ideas come from the young and all 
organisation in science and medicine 
should be directed towards helping the 
best young minds to be creative This 
could effectively be done only if young 
scientists were given a greater percep- 
tion of the decision-making process and 
a chance to get involved in that process 
themselves 


SCIENCE POLICY 


Cambridge’s Gain 


“THe New Master of Jesus" ran the 
headline in last Saturday's Guardian 
over an article which announced that 
Sir Alan Cottrell, the British Govern- 
ment’s Chief Scientific Advisor had 
been appointed master of a Cambridge 
College A higher position than this 
would be hard to envisage for Sir Alan, 
but it will not be until next April 
that he will be leaving the corridors 
of power and committing himself to 
Jesus 

Sir Alan will succeed Sir Denys Page, 
the present master, who ıs retiring on 
March 31 Sir Alan is no stranger to 
Cambridge, for, as well as still living 
there, he was Goldsmiths Professor of 
Metallurgy at the university from 1958 
to 1965 

After then he was at the Ministry 
of Defence, first as the Deputy 
Chief Scientific. Advisor and in 1967 
he was made Chief Advisor In 
1968 he moved to the Cabinet Office 
where he was Deputy Chief Scientific 
Advisor to the government before he 
was made Chief Advisor in 1971 

Sir. Alan's move opens the way for a 
rearranging of the powers of the Chief 
Scientific Advisor if it is felt necessary 
It has been apparent for some time that 
the reorganisation of government 
science in the wake of Lord Roths- 
child’s report and the subsequent white 
paper in the summer of 1972 has given 
the departments much more power than 
they had previously It can be inferred 
that the Chief Scientific Advisor's 


powers and influence have changed, but 
there are no outward signs yet of the 
extent of these changes 












Correction 


IN last week's Nature, 245, 346, 
Professor Tinbergen was errone- 
ously credited, ın column 2, with 
early work involving "seal studies” 
This should have read “field 
studits” 
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Atlantic Observatory 
TENERIFE has finally been ruled out as 
a site for the proposed British observa- 
tory in the Northern Hemisphere on 
political grounds The current state of 
tension between Britain and Spain over 
Gibraltar has forced the government to 
advise the optical astronomy community 
of this fact 

Visibility tests are at present going 
on in other non-Spanish islands in the 
Atlantic, but it seems that it will be 
several months before these are com- 
pleted Once a site 1s decided on, the 
next decision will be whether or not the 
98-inch Isaac Newton telescope at 
Herstmonceux should be moved to this 
site or whether a new telescope or tele- 
scopes should be built 

Dr Alan Hunter, the next Director of 
the Royal Greenwich Observatory, said 
this week that the cost of moving the 
telescope would be an “appreciable frac- 
tion of the cost of building a new one” 
Dr Hunter does not favour moving the 
telescope unless it proves impossible to 
raise the funds to build a new instru- 
ment 

The Science Research Council last 
year asked Professor Margaret , Bur- 
bidge to investigate the costs and other 
benefits of moving the telescope So 
far, the council has not received any offi- 
cial report 

Once a suitable site ıs found for the 
observatory the Science Research Coun- 
cil will be asked to finance the building 
of three telescopes, one of 1 metre, one 
of 2 metres and one of 4 metres The 
total cost of the project has been estima- 
ted to be £15 million 


BA diversifies 
Tue British Association for the Ad- 
vancement of Science 1s continuing its 
efforts to become more relevant Asa 
prelude to the association’s annual meet- 
ing to be held at the University of Stir- 
ling next year a series of meetings will 
take place which will discuss the influen- 
ce of science on the life of the nation 
The first will be in November 

The British Association has often 
been accused of concentrating all its 
efforts into producing an annual meet- 
ing but doing little else for the remainder 
of the year This ıs in the process of 


ing remedied, particularly with the 
rec ppointment of Dr Magnus Pyke 
i as bothWehairman of the councif and as 


secretary of the association Dr Pyke is 
most keen for the association to diver- 
sify its activities 

The first of these meetings will take 
place at the University of Dundee, when 
the impact of the current upsurge in 
geological sciences on society ‘will be 
discussed Perhaps the mast relevant - 


session at this meeting will be that in 
which the competitive position of coal 
with respect to oil and gas will be dis- 
cussed Mr A M Clarke the Deputy- 
Chief Geologist with the Coal Board will 
take place in the discussion as well as 
an economist, Professor C Blake and a 
Civil Engineer, Professor A R Cusens, 
both from the University of Dundee 


Shining Brightly 

Two announcements last week confirm 
that the 154-:nch telescope to be built at 
Siding Spring ın Australia ıs both on 
schedule and that ıt will be the most 
accurate telescope in the world when 
built 

Reyrolle Parsons has completed the 
three and a half year process of grinding 
and polishing the primary mirror for 
the telescope and it ıs now on its way 
to New South Wales where it will be 
installed at the end of this year 

The Department of Trade and Indus- 
try in a back slapping announcement 
said that three engineers at the National 
Engineering Laboratory at Glasgow 
had developed a new calibration tech- 
nique which will ensure that the 20 
tons of telescope, which will have to 
be rotated, will be capable of "more 
precise star tracking than any other 
major astronomical telescope in the 
world" 

The techniques developed by both 
Reyrolle Parsons and the National 
Engineering Laboratory mught again 
prove useful to astronomers If funds 
are made available to build a British 
observatory on some Atlantic island, 
then the exercises will not be very ex- 
pensive one-off operations, for the plans 
are, as we report elsewhere on this page, 
to build three telescopes in the proposed 
observatory 


Pasteur Problems 
THE Pasteur Institute ın France has been 
shaken recently by a serious financial 
crisis Professor Jaques Monod, the 
director, has announced that the insti- 
tute has been forced to close several 
research units and thirty scientists and 
4 hundred technicians have been dis- 
missed 

The announcement has, not un- 
expectedly, caused an uproar in France, 
for in addition to this announce- 
ment, Professor Monod revealed that the 
institute had requested financial support 
from the government ‘This State sup- 
port would go towards financing the 
services which the gnstitute provides to 
the community in publ® health and, for 
financing immunology and  micre- 
biology 

Directors of the institute are, how- 
ever, keen to maintain the independence 


of the foundation and so only partial 
help from the government has been 
asked The hope is that more money 
can be earned in the next few years by 
increasing the turnover obtained from 
the institute’s production services 


Curien for Aigrain 
PROFESSOR Pierre Aigrain has been re- 
placed as Deputy-General for Scientific 
Research in France by Dr H Curen 
who was until recently Director of the 
National Centre for Scientific Research 
(CNRS) As reported recently in Nature 
(244, 64, 1973) Professor Aigrain, after 
a five year term as advisor to the French 
Government, took up a teaching posi- 
tion at the Massachusetts Institute of 
Technology 

DrP Gregory has replaced Dr Curien 
at the head of CNRS 


Whiter than white 
TAKEN at face value, the statistics pub- 
lished in the Procter and Gamble annual 
report on the use of soap per person 
in Britain, can be taken to imply that the 
Briton of today 1s almost five times 
cleaner than his great great grand- 
parents were in the early 1840s 

At that time each person used on 
average 61 pounds of soap a year In 
1871 this had risen to 104 pounds, while 
in 1911 each Briton was disposing of 
18 pounds every year Today 29 pounds 
a year of soap are used per person for 
all domestic and industrial purposes 

Surprisingly the increase in use of 
soap 1s almost linear and not exponen- 
tial Has the soap industry been living 
in an unreal world for the past hundred 
years? 


Northern Lights 
Last week an experimental campaign 
started to investigate the auroral sub- 
storm phenomena at various stages of 
development and altitude 

The plan is to launch five Skylark 
rockets from Norway's Andoya rocket 
range The first of these was launched 
last week and the other four will be 
launched in conjunction with ten. Aero- 
jet Petrel rockets b 

Nineteen experiments are to be car- 
red aboard the Skylarks and twelve on 
the Petrels The chief objective will be 
to examine the magnetic sub-storms 
which occur near the Arctic Circle 

The research is sponsored by the 
Science Research Council and is man- 
aged by the Radio and Space Research 
Station The experiments have been 
prepared by groups from the Univer- 
sities of Birmingham, Sheffield, South- 
ampton and Sussex, University College, 
London, the Radio and Space Research 
Station and the Royal Institute of 
Technology in Sweden 
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NEW WORLD 


Public Interest Groups Meel 


by our Washington Correspondent 


PUBLIC interest groups have, during the 
past few years, gradually established 
themselves as an important feature on 
the political landscape in the United 
States But although they have won 
some stunning victories, they often find 
it difficult to match the huge scientific 
resources that large corporations and 
goverment agencies are able to call 
upon Moreover, the haphaząrd 
growth of the public interest movement 
has resulted in much fragmentation and 
little coordination 

Some of these problems could, how- 
ever, be alleviated following a meeting 
held in Washington recently Leaders 
of many public interest groups met to 
discuss the possibility of setting up an 
organisation to coordinate the groups’ 
activities, provide a registry of scientists 
who are willing to lend their expertise 
on specific problems, and generally pro- 
vide a service to existing organisations 

The idea ıs chiefly the brainchild of 
Dr Samuel S Epstein, Professor of 
Environmental Health and Human 
Ecology at Case Western Reserve Uni- 
versity, who has played a leading role 
in the fight against unsafe food 
additives, drugs and pesticides Epstein 
persuaded the Monsour Medical 
Foundation, a "Pennsylvania-based 
medical organisation, to sponsor the 
meeting, and the foundation will also 
underwrite some of the costs of getting 
the new public interest organisation off 
the ground It could greatly increase 
the effectiveness of public interest 
groups in the scientific arena, but a few 
doubts were raised at the meeting about 
the need for yet another outfit 

Epsteien is quick to point out, how- 
ever, that the new organisation will not 
in any way compete with existing 
groups, but will complement their 
activities The plan ıs for it to avoid 
such causes as bringing court suits, and 
testifying before Congressional com- 
mittees, but to help other public interest 
groups in their efforts in those areas. 
First, tt will assist in the publication of 
a newsletter, to inform each group of 
what the others are doing, and it will 
also probably help to set up ad hoc 
coalitions to handle specific issues 
Second, and perhaps most important, it 
is hoped that ıt will be able to establish 
numerous contacts within the scientific 
community so that groups can be put 
in touch with expert help on the matters 
they are fighting It will also probably 
be an information clearing house, and 
there is even, talk of starting up a 


journal devoted to scientific issues 1n- 
volving public concerns 

Epstein said at the meeting last week 
that the public interest movement has 
been forced to take a “brush fire" 
rather than an anticipatory approach— 
unsafe pesticides and drugs have been 
banned, but only after they have been 
used extensively, and there is always a 
new fight 1mminent—and he said "the 
odds are against us if we continue with 
this approach" 

It is ironic, however, that just as the 
public interest. groups are considering 
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setting up this new coordinating body, 
some of the most powerful organisa- 
tions are in danger of losing an 1mport- 
ant source of funds The Washington 
Post recently disclosed that the Ford 
Foundation 1s considering withdrawing 
its financial support from legal groups 
which have been active in environ- 
mental concerns The reason, it seems, 
is that the foundation would like to 
focus more on environmental research 
than on legal action, and has asked the 
groups to investigate other sources of 
funding by 1975 





SAKHAROV 


Keldysh Replies 


by our Washington Correspondent 


MsrisLAv KELDYSH, President of the 
Soviet Academy of Sciences, last week 
publicly defended the campaign by 
Soviet authorities against Andre: D 
Sakharov, the Soviet physicist who has 
been in trouble for his outspoken 
criticisms of Soviet society The defence 
came in an unusual open letter sent to 
Dr Philip Handler, President of the 
United States National Academy of 
Sciences (NAS), 1n which Keldysh said 
in effect that Sakharov has brought the 
attacks on himself and that the NAS 
should stop trying to meddle ın the inter- 
nal affairs of the Soviet Union The 
letter was an Official reply to a telegram 
Handler sent to Keldysh last month, pro- 
testing the harassment Sakharov has 
received in the past few months 

Handler warned, in his telegram last 
month, that further harassment or 
detention of Sakharov would seriously 
jeopardise the scientific agreements that 
have recently been reached between the 
United States and the Soviet Union He 
was particularly critical of a letter 
attacking Sakharov which was pub- 
lished in Pravda and signed by some 
forty members of the Soviet Academy of 
Sciences Such attacks, he said, “revive 
memories of the failure of our own 
scientific community to protect the late 
J R Oppenheimer from political 
attack” 

But Keldyst replied that “My col- 
leagues from the Praesidium of the 
USSR Academy of Sciences and I 
cannot but strongly object te the content 
ang tone [of Handler's telegram], which 
are not in accord with either the sub- 
stance of the matter or with the spirit 
of the relations between our Academ- 


1es” He pointed out that the Pravda 
letter condemned Sakharov for urging 
western governments to insist on changes 
in internal Soviet policies before accept- 
ing normalised relations with the USSR 
“By such acts”, Keldysh said, “Sakharov 
harms the interests of not only the people 
of the Soviet Union, but also of other 
countries who sincerely aspire for a 
detente” 

Keldysh’s letter goes on to point out 
that no action has been taken against 
Sakharov and that “even today he has 
every opportunity actively to conduct 
research” That, at least, seems to 1m- 
ply that some basic freedoms have not 
yet been denied to Sakharov and that 
he may be safe from further harass- 
ment, at least for the time being 

One of the chief points in Handler’s 
telegram was that the treatment of 
Sakharov could upset the scientific 
accord and exchanges between the 
United States and the Soviet Union, to 
which Keldysh replies "The attempts 
to use this exchange to influence the 
Soviet scientist's political stand are 
absolutely unpromising, let alone the 
ethical aspects of this matter" He con- 
cluded that *We stand for an extensive 
development of scientific. cooperation 
provided that the traditions and way of 
life of every country are mutually 
respected and observed’ 

An important aspect of Keldysh's 
letter ıs that ıt was published in the 
Soviet weekly newspaper Literary 
Gazette 1t was therefore wm 
at least łn eye on internal propsf&anda, 
and its seemingly uncompromising 
stand against Sakharov should thus be 
seen in that light Since the letter con- 
tainsea summary of Handler’s telegram 
its publication also brings to the atten- 
tion of the Soviet public the fact that 
the harassment of Sakharov has sparked 
off a series of protests in the West 


406 
CANADA 


Science Policy in Canada 


from a Correspondent 
DR ALEXANDER KING of OECD, 
regarded by some as the father of 
National Science Policy Studies, has 
commented on the Canadian effort in 
that field, saying that “In no country 
has the legislative branch undertaken 
such a thorough and detailed job " The 
recently released third and final volume 
completes the 837-page report of the 
Senate Special Committee on Science 
Policy with sweeping recommendations 
for restructuring government science 
Since the Committee demonstrated in 
earlier volumes that basic research 1s 
dominated by in-house work of govern- 
ment laboratories, their restructuring 
has wide implications for all science in 
Canada 
The Committee examines four pos- 
sible approaches that can be used to 
determine overall organisation for 
science policy pluralism, coordination, 
integration and concerted action From 
the experience of other countries, the 
Committee comes out heavily in favour 
of the concerted action model for which 
it finds an example in France Con- 
vinced that coordination by discussion 
and advice does not work without either 
a stick or a carrot, the Committee 
recommends that the Ministry of State 
for Science and Technology should 
become a super science ministry re- 
sponsible for vetting the programmes 
and submissions of individual depart- 
ments and then justifying the whole 
science budget to the Treasury Board 
With the new, expanded role for the 
ministry would come a reorganisation 
of the Science Council — This lively, 
erudite and well informed body was 
established ın 1966 to advise the govern- 
ment on science policy It seems that 
its advice has not made much impact 
Following the proposed reorganisation, 
the council’s mandate would be ex- 
tended to cover the social sciences and 
humanities, ıt would establish closer 
links with the Economic Council and 
there would be a number of changes in 
the membership If the government 
does not form a super science ministry 
then the Science Council should be 
abolished “There 1s no need for two 
frustrated advisory bodies ” 
The report stresses that there is no 
continuum from basic to applied re- 
ch to innovation It ıs admitted 
tha yost Canadians do not agree with 
this point The reason for stressing 1t 15 
to support the Committee’s prescription 
for reorganisation of federal activities 
with basic research at the National 
Research Council (NRC), applied” insti- 
tutional research at Industry, Trade and 
Commerce, and other mission-orientated 
research 1n departments which’are also 
responsible for polecy formulation The 


NRC would be thus transformed into 
an institution. for intramural basic 
research in the physical, life and social 
sciences It would do "university-style" 
work, partly on a fee basis, for govern- 
ment agencies and private companies 
Its industrial research would be trans- 
ferred to a proposed Canadian Indus- 
trial Laboratories Corporation Ac- 
cording to the report, NRC would 
abandon its "disguise" or "false 1mage" 
of performing a practical mission 
Many, who feared a total abolition of 
NRC after the publication of earlier 
volumes of this report, can now breathe 
a sigh of relief 

The report includes a number of other 
recommendations 
€ Special status and federal financial 
support for the Royal Society of Canada 
and the Association of the Scientific, 
Engineering and Technological Com- 
munity as the two major representatives 
of scientists and engineers in Canada, 
@ A federal—provincial committee on 
science and technology, 
9 A Crown corporation to develop 
more adequate French terminology in 
science and technology, 
9 International scientific missions to 
keep the government informed on 
science policy and technological ad- 
vances in other countries , and 
9 A series of awards to be given to 
Canadian industry for significant 1nven- 
tions and technological innovation 

When all is said and done and 837 
pages of report have been put to rest, one 
1s left with two feelings respect and 
even admiration for the breadth and 
thoroughness of the Senate Committee’s 
investigation, and a question as to 
whether the effort was worth it at all 
It 1s just possible that the internal 
mechanisms of self regulation, peer 
review, internal consistency and mutual 
Tespect are the best possible methods 
for directing the science towards the 
socially desirable goals With a 300- 
year tradition, science just might find the 
best possible direction 1f left alone 


ENERGY 


Conserving Energy 


by our Correspondent 
WuiLE the United States Federal 
Government 1s struggling to meet the 
long term challenge posed by the energy 
crisis, the American Association for the 
Advancement of Science has been 
organising a series of workshops to 
discuss what can be done in the short 
term by individual states The first of 
these, held 1n Chicago oh "October 11 to 
illuminate the problem ın Illinois, cast 
into relief a combination of techno- 
logical sophistication *and total absence 
of political or pracgcal common sense 
which has more than parochia] 1mplica- 
tions 
This was nowhere clearer than in the 
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first session, which was concerned with 
building design and management New 
York architect Richard Stein used as an 
example of false economy a large 
building in Michigan in which the lights 
are left on for twenty-four hours a day, 
to prolong the life of the bulbs The 
irony of this policy is that although 
twenty-four hours of continuous switch- 
ing on and off would undoubtedly use 
up the bulbs faster than twenty-four 
hours of continuous illumination, a 
pattern of ten hours of light and four- 
teen hours of dark gives an average 
life to the bulbs of four years, but bulbs 
in continuous use fail after an average 
of eighteen months 

Both the lighting and the ven¢ffation 
standards laid down by the building 
codes are in any case, according to 
Stein, well in excess of physiological 
needs He compared the IBM recom- 
mendatjon of 70 foot candles of illumin- 
ation (apparently set by the somewhat 
archaic criterion that the fifth carbon 
copy be as legible as the original) with 
British classroom standards of 10 foot 
candles The British, Stein claimed, 
discovered that to raise reading 
efficiency from 90 to 95%, it would 
be necessary to raise the light level by 
a factor of ten which did not seem 
worth the foot candles 

Somewhat more radical proposals for 
energy conservation in buildings were 
tackled by Gerald S Leighton, of the 
United States Department of Housing 
and Urban Development One obvious 
need now apparently being met is that 
for a detailed economic analysis of the 
total energy system—a method of 
storing waste heat for re-use in supply- 
ing energy to buildings 

Industry, Leighton believes, should 
resign itself to the use of high-sulphur 
coal—an energy source that is not in 
short supply The Clean Air Act has 
made such a solution impractical for the 
mdividual home owner, but industry 
can afford to develop and install the 
“clean-up technology” to cope 

The kind of measures proposed by 
industrialist Gerald S Bataille and 
economist George S Tolley of the 
University of Chicago, were unappeal 
ing, although probably realistic — In- 
dustry could best be induced to con- 
serve energy, Bataille asserted, if the 
savings could be expressed in dollars 
Tolley applied the same principle to 
the private individual, with a simple 
equation His investigations have led 
him to conclude that if fuel were made 
10% more expensive, the individual 
would use 10% less of ıt The increase 
in the use of electricity, he believes, 1s 
a simple function of the reduction ın its 
cost over the past, decades There 1s 
no reason to believe that consumption 
will continue to, increase at the same 
tate, and there 1s a simple way of stop- 
ping it 
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Radiation-induced Mutation in Man 


Much effort, ingenuity and paper, in addition to flies, 
mice and mammalian cells in culture, have been expen- 
ded in attempting to answer the important practical ques- 
tion of how best can the genetic risks to man of exposure 
to ionising radiations be estimated Human genetic 
disease 1s a consequence of subtle changes at the gene 
level, or of alterations 1n chromosome structure or num- 
ber which are detectable by the cytogeneticist These 
kinds of alterations can be induced in human somatic 
cells exposed to radiations and there 1s much cytogenetic 
information on the radiation response of human chromo- 
somes in blood cells, from irradiated patients or cultures, 
and a good start has been made on measuring radiation- 
induced mutation frequencies at a number of loci in 
rodent and human cultured cell lines Although genetic 
damage in somatic cells 1s important to the individual, 
insofar as future populations are concerned it 1s of less 
consequence than damage transmitted to offspring 1n the 
germ cells There 1s, however, an almost complete 
absence of information on radiation-induced mutation 
in the germ cells of man, so that in order to quantify risk 
in terms of mutation rate per locus per rad, it 1s neces- 
sary to extrapolate from experimental results obtained 
with other organisms 

In 1956, government committees in the United States 
(the BEAR Committee) and the United Kingdom (the 
Medical Research Council committee) relied largely on 
extrapolating from data obtained from irradiated fruit 
flies and the then emerging data from the so-called mega- 
mouse experiments undertaken at Harwell and Oak 
Ridge Later government appraisals, and including 
those by the United Nations Scientific Committee on the 
Effects of Atomic Radiations (UNSCEAR), have drawn 
heavily on the wealth of data that has been accumulating 
on the radiation response of mouse genes and chromo- 
somes It may seem a big jump to extrapolate from 
observed radiation-induced mutation rates 1n mouse germ 
cells to predicted mutation rates in human germ cells, but 
this 1s the nearest comparison that can be made 

Confidence in the mouse-man extrapolation would be 
bolstered if ıt could be shown that a close similarity existed 
between the radiation-induced somatic genetic damage in 
these species Although there 1s a plethora of cytogenetic 
information on radiation-induced chromosome damage ın 
human blood leukocytes, it 1s only recently that attempts 
have been made to obtain equivalent mformation on 
mouse cells This type of information helps to form a 
‘quantitative bridge’ between mouse and man and recent 
data of this type would suggest that man may be equally 
as sensitive as the mouse to the production of specific- 
locus mutations which are the result of minute chromo- 
some deletions (Brewen et al, Mutation Res, 17, 245, 
1973) A somewhat different approach to the problem of 
extrapolation 1s described on page 460 of this issue of, 
Nature, where Abrahamson, Bender, Conger and Wolff $ 
report on a remarkable relationship between mutation 


rates and DNA content in a wide variety of organisms,” * 


and suggest that these’data may be used with confidence 
to extrapolate from mutation rates obtaimed ın experi- 
mental organisms to man 


Within a species, different genes may show a wide 
difference in both their spontaneous mutation frequency 
and in the frequency with which they will mutate after 
exposure to radiation For example, in the case of a 
number of well-studied loci 1n the mouse, there may be a 
thirty or forty-fold difference ın the rate of radiation- 
induced mutability in different genes — Mutability 1s also 
influenced by a variety of factors, including, for example, 
intensity of radiation, cell stage treated, but these dif- 
ferences are relatively minor perturbations when con- 
sidered in relation to the 1,000-fold difference that is 
observed in the response between different species 

What Abrahamson et al have now discovered 1s that, 
when forward mutation rates per locus per rad are nor- 
malised to the amount of DNA per cell nucleus, then the 
1,000-fold difference between species virtually disappears, 
and the mutation rates 1n bacteria, fungi, insects, higher 
plants and mammals are all essentially the same Thus. 
radiation-induced mutation rates per locus are directly 
and simply related to the DNA content of the genome— 
a surprising finding This remarkable association between 
DNA content and mutation rate now allows a further 
bridge to be uttlised in extrapolating data from radiation- 
induced mutation rates in lower organisms to man The 
strength of this bridge 1s already indicated by the fact that 
the mutation rates for man which may be predicted from 
the graph presented by Abrahamson et al accord fairly 
closely with the induced mutation rate already obtained 
in mammalian (including man) somatic cells in tissue 
culture 

Why the induced mutation rate per locus should be 
dependent on the total DNA content of the nucleus pre- 
sents something of a puzzle Target theory, with DNA 
as the target, would suggest that 1f structural genes are the 
same size in bacteria as 1n man, then the mutation rate per 
locus would be independent of total DNA and equivalent 
between diverse species for genes coding for similar pro- 
teins The authors point out that since this 1s not the case 
then either the nucleus, and not the locus, determines 
target size, or the size of the locus 1s proportional to total 
genome size for the species This last proposal ıs com- 
patible with previously proffered models in which the func- 
tional genetic unit 1n eukaryotes may contain not only the 
structural gene but also the controlling elements, thus in- 
creasing the size of the mutational unit HJE 


No Trip-up This Time 


THAT transcription starts at the operator region—for t 

lac operator, it ıs a small segment of double-strg@fied 
DNA, twenty-seven bases long—is no longer in doubt 
(see Nature, 245, 183, 1973) When an active repressor 
protein ıs bound to the operator DNA, no transcription 
eccurs since the promoter region to which RNA poly- 
merase binds is generally located distal to the first (or 
only structural gene, so a blockade ıs created for any 
movement of RNA polymerase When the repressor 1s 
removed, the RNA .polymerase, can then pass over the 
operator region arid begin transcription The lactose 
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catabolic system 1s the best studied example of negative 
control Here the active repressor protein (product of 
the : gene in Escherichia coli) will always bind an intact 
operator region unless an inducer 1s present The inducer, 
probably a f-1-6 galactoside (note that lactose ıs not, 
but ıs a f-1-4 galactoside), elicits the synthesis of £- 
galactosidase by inactivating the repressor protein Not 
all catabolic operons act like lactose protein, however, 
and positive control can also exist 


Sun and Weather 


THE possible and probable effects of variations in 
solar activity on meteorological phenomena on 
Earth have long provided a talking point Over 
the years, there have been considerable changes 
in the climate of opinion in which these relations 
are discussed, ranging from enthusiasm to down- 
right scepticism Perhaps partly because of this, 
but no doubt also im large measure because the 
subject is truly interdisciplinary and attracts inter- 
est from astronomers, meteorologists, earth scien- 
tists, electrical engineers and others, every few 
years there seems to be a general rediscovery of 
the relationship between solar activity and meteoro- 
logical processes What seems to be the largest 
and most general such rediscovery 1s now ın pro- 
gress, this time, because of the improvement in 
monitormg of both solar activity and meteoro- 
logical phenomena over the past twenty years, there 
1s a real chance that the subject will gam permanent 
respectability 

In an article on page 443 of this issue of Nature, 
King suggests that one mechanism for a link 
between solar activity and the weather might come 
from the injection of energetic solar particles into 


the atmosphere over the north Atlantic, changes in 
solar radiation during the sunspot cycle seem to be 
accompanied by secular meteorological changes 
that affect temperature and pressure in the northern 


hemisphere Work of this kind has obvious 1m- 
portance to weather prediction 

The broad interest in the subject ın general, and 
the seriousness with which this kind of work 1s now 
regarded, is highlighted by the news that on 
November 7 and 8 there wil] be a symposium on 
“Possible Relationships Between Solar Activity and 
Meteorological Phenomena”, sponsored by NASA / 
Goddard Space Flight Center and held at the centre 
in Greenbelt, Maryland This will bring together 
“astronomers, meteorologists, geophysicists and 
other interested scientists”, on the European side 
of the Atlantic, a similar symposium ıs being 
planned by the Radio and Space Research Station, 

ough, 1n collaboration with the Climatic Research 

it which is based at the University of East 
Anglia The symposium will be held at RSRS 
late this year or early in 1974, and is being 
organised by King  Thesq two symposia seem 
likely to be remembered as landmarks in the 
development of a useful understanding of the 
processes by which changes in the Sun's activity ə 
affect meteorological phenomena, JG 
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Biosynthetically too, 1t 1s possible to envisage either 
a negative or a positive control scheme The former has 
been, by far, the most popular and for a while 1t seemed 
that positive control may be hard to demonstrate It 
seems quite likely, however, that positive control may 
exist for the histidine and the isoleucine valine schemes 

Conventionally, repression in a biosynthetic pathway 
can be assessed by adding a potential source of the 
repressing metabolite(s) to the growth medium and then 
measuring enzymatic activity The ideal system would 
be one to which the actual repressing metabolite 
(=corepressor) can be added, as seems to be the case 
in tryptophan biosynthesis (Yanofsky and Mosteller, 
J Bact , 105, 268, 1971) Thus the repressor 1s synthesised 
in an inactive form (=aporepressor) and will only bind 
the operator region when activated In the case of 
tryptophan biosynthesis five structural genes comprise 
an operon, with a contiguous operator region and a regu- 
lator gene, trpR, located far distant The product of 
the t pR locus, the putative aporepressor in vivo of tryp- 
tophan ‘biosynthesis, has been purified fifty-five times by 
Zubay et al (Proc natn Acad Sci, USA, 69, 1100, 
1972) In vivo repression of the pentagon of structural 
genes in the operon requires the &pR protein product 
and tryptophan (Morse and Yanofsky, J molec Biol, 
44, 185, 1969) Ten years earlier a similar observation 
was made by Cohen and Jacob (Cr hebd Séanc Acad 
Sct, Paris, 248, 349, 1959) 

The speculation was all brushed aside by the appear- 
ance of accompanying papers by Squires et al and Rose 
et al from Yanofsky's group (Nature New Biology, 245, 
131 and 133, 1973), and a brief report by McGeoch 
et al in the same issue (page 137) The partially purified 
protein, product of trpR, together with tryptophan was 
added to Zubay’s in vitro transcription system and tran- 
scription was stopped Moreover, only when a functional 
operator is present (the t/pO*, operator) does this re- 
pression occur, templates which carry a mutant operator, 
for example, frpO" (operator-constitutive), show no 
repression 

By way of summary the following points can be made 
about these interesting papers 

® As mentioned earlier, #p operon transcription 1s 
specially blocked when the partially purified t p repressor 
1s added to the ın vitro transcription system 

9 Initiation of transcription on the t; p operon in vitro 
occurs at, or very near, the in vivo site of transcription 
initiation 

€ Regulation seen in vitio precisely mimics that which 
occurs in vivo The addition of tryptophan to the growth 
medium causes repression and moreover tryptophan 
analogues that cause im vivo repression also repress im 
vitro, those non-repressing tryptophan analogues do not 
do soteither in vivo OF in Vitro 

€ As already mentioned, altered ¢rp operons, with 
regulatory abnormalities im vivo, behave predictably 
when tested as templates in vitro Thus O° or O- mutants 
are not repressible, and mutant templates that produce 
more fi p message in vivo do the same ih vitio 

€ Three lines of evidence tend to rule out any involve- 


* ment of tryptophanyl-tRNA synthetase (henceforth called 
e “synthetase’) "in im vitro repression (1) When the trp 


repressor ıs further purified all- detectable synthetase 
activity 1s separated from repressor activity, (2) a very 
appropriate synthetase mutant, showing a' much reduced 
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affinity for tryptophan ın the activat- 
ing reaction, contains repressor with 
normal affinity for tryptophan ın re- 
pression, and (3) a negative correla- 
ton exists between tryptophan 
analogue affinity for synthetase, and 
affinity for repressor 

@ The lack of any detectable 
tRNA” 15 fj p repressor preparations, 
together with the negative cor- 
relation between charging of tryp- 
tophan analogues and their ability to 
repress, strongly suggests that 
tRNA™ is not required for in vitro 
repression 

No p-up is likely but the tempta- 
tion to pose an obvious question Js 
too great to let slip by Is t; p unique? 
Probably not, as Maas (New York 
University School of Medicine) finds 
methionine and arginine repression 
without the involvement of their 
respective tRNA-amino acyl com- 
plexes, only the amino acid is required 
in vivo and in vitro 

From a Correspondent 


PESTICIDES 


Social Values 


from a Correspondent 


Economic and social values in the 
assessment of crop protection and pest 
control methods were considered at an 
international conference, organised by 
the Pesticides Group of the Society of 
Chemical Industry agd held from Sep- 
tember 7 to 11 at the University of 
Stirling 

C Potter (formerly Head, Insecticide 
and Fungicide Department, Rothamsted 
Experimental Station) examined critic- 
ally the effects of pesticides in improving 
health 1n man, in relieving hunger and 
on the environment The world-wide 
programme, sponsored by the World 
Health Organisation, to eliminate 
malaria now protects 1,329 million 
people out of 1,802 milion living in 
former malarial areas and control, 
mainly by insecticides, of the mosquito 
vectors of the protozoa causing the 
disease has reduced the world annual 
death rate from malaria from 6 million 
in 1939 to 25 million now | He quoted 
many such examples of disease control 
and pointed to the sad situation in 
Ceylon where, after reducing the inci- 
dence of malaria from 28 million cases 
1n 1946 to 110 in 1961, the numbers had 
shot up to 25 million when spraying 
was stopped for economic reasons 

Both Potter and H R Fell, a farmer, 
stressed the magnitude of changes in 
agriculture in Great Britain since 1939, 
assisted by mechanisation, crop protec- 
tion chemicals and fertifisers, food pro- 
duction has been doubled though there 
are a million less acres under cultivation 


and 500,000 fewer workers on the land 
Comparable changes have yet to reach 
the developing countries — Potter con- 
trasted the performances in rice produc- 
ton of Japan, now an exporter, and 
India average yields 5 1 and 1 6 tonnes 
per hectare and losses to pests and 
diseases 5% and 46%, respectively 

The evolution and functioning of the 
United Kingdom’s Pesticide Safety Pre- 
cautions Scheme were outlined by M 
Cohen (Plant Pathology Laboratory, 
Harpenden) and A Wilson (University 
of Liverpool) who is chairman of the 
Advisory Committee on Pesticides and 
Other Toxic Chemicals Wilson stressed 
that, however carefully assessment 1s 
made and incorporated into recom- 
mendations, safety depends on the care 
with which pesticide products are 
handled and applied, he pleaded for 
more training of operators and com- 
munication with the public about what 
IS going on The need for greater 
publicity of the steps taken by pesticide 
manufacturers to establish the safety of 
their products was frequently echoed in 
the discussion There was unanimous 
agreement with the praise given by K 
Mellanby (Nature Conservancy, Monks 
Wood) of the working of the voluntary 
scheme in Britain, and he pointed 
out that through it restrictions were 
introduced on organochlorine seed dres- 
sings before the publication of Rachel 
Carson's Silent Spring 

There is a danger that the complete 
ban introduced for political reasons by 
several developed countries on some 
organochlorine insecticides may be 
extended, again for political reasons, to 
the developing countries before the 
Jatter have suitable replacements P O 
Park (FAO, Chad) stated that the 
Food and Agriculture Organisation 
encourages substitutes to DDT when- 
ever possible but it 1s unwilling at pres- 
ent to see the complete disappearance 
of the organochlorine insecticides, which 
are so economically valuable to the 
developing countries 

Several speakers expressed concern 
over increasing pressures on pesticide 
manufacturers by the regulatory authori- 
ties The necessity for more stringent 
tests to ensure the safety of new pesti- 
cides and the smaller chances of dis- 
covering compounds with more selec- 
tive action mean that development costs 
of a new pesticide have doubled ın the 
past 5 years and the time interval from 
discovering to marketing a product has 
increased from 5 to about 7 years, with 
a correspondinge decrease in the time 
remaining for protection under the 
firm's patent If«the new compounds 
needed to combat the growing threat of 
resistance in pests and fungi are to be 
obtained, then pesticide prices must rise 
and ultimately the cost will have to be 
borne by the consumer Greater uni- 
formity between countries in the require- 
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ments to establish the safety for a parti- 
cular use was suggested as one way of 
reducing the development costs of a new 
pesticide 

Participants from overseas stressed 
the need for uniformity in the residue 
tolerances permitted in different coun- 
tries for a given pesticide / crop combina- 
tion and in the methods used for deter- 
mining them if international trade 1s not 
to be hindered Some countries, for 
example the United Kingdom, do not 
have limits set by legislation but depend 
on codes of practice and a stated mim- 
mum time interval between the last 
application and harvest P — Slade 
(Imperial Chemical Industries Ltd) 
referred to the Commission of the Pesti- 
cides Section of the International Union 
of Pure and Applied Chemistry which, 
at the request of FAO and WHO, is 
examining residue methods for their 
suitability for international regulatory 
application The setting of tolerances 
based on sound agricultural practice for 
a given crop in widely different climatic 
conditions would involve considerable 
negotiation 

The value of pest and disease fore- 
casts, which reduce the need for prophy- 
lactic treatments and permit optimum 
timing of pesticide applications, was 
stressed by several speakers and Cohen 
called for more work to establish the 
levels at which pest and disease damage 
to crops becomes economically signi- 
ficant Problems also change with time 
R Hull (Broom’s Barn Experimental 
Station) explained that modern herbi- 
cides allow sugar beet to be sown as 
pelleted seed at a low density, making 
it more important to protect the young 
plants from soi pests The value of 
growing plant varieties resistant to pests 
and diseases was noted by several con- 
tributors and the dangers inherent in 
monoculture emphasised Currently 
Golden Promise, a barley variety excel- 
lent for malting but highly susceptible 
to mildew, constitutes 65% of the 
430,000 acres of the spring barley crop 
in south-east Scotland It provides a 
residue of inoculum and potentially a 
very serious situation should strains of 
the pathogen tolerant to modern fungi- 
cides be selected 


VIRUSES 


SV40 Defectiveness 


from a Correspondent 


Ir has been known for some time 

when SV40 virus is serially pas#ged, 
undiluted, in BSC-1 monkey cells, 
virions are produced which contain 
circular DNA molecules consisting of 
host and viral sequences (Lavi and 
.Winocour, J Virol, 9, 309, 1972) This 
suggests that recombination between 
host and. viral DNA occurs readily 
dyring lytic infection in these particular 
errcumstances! If the viral-DNA is 
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integrated into the host chromosome, 
recombination could involve integration 
followed by inaccurate excision, and 
there could then be secondary recom- 
binations between the hybrid viruses so 
formed and host sequences in subse- 
quent passages However derived, the 
defective SV40 virions are a potentially 
useful source not only of specific dele- 
tions of viral DNA, but also of specific 
pieces of host DNA, which might 
simplify studies of mammalian, as well 
as viral, gene function 

In order to understand exactly what 
has happened during recombination 
between viral and host molecules, a 
method of dissection of defective DNA 
1$ required, followed by subsequent 
identification of its components The 
bacterial restriction endonucleases now 
provide a tool for this, because the 
cleavage sites in normal SV40 molecules 
and resultng DNA fragments are 
characterised (Danna, Sack and 
Nathans, J molec Biol , 78, 363, 1973) 
Deletions can be detected by electro- 
phoretic analysis of fragments and this 
technique, combined with DNA DNA 
hybridisation experiments, would enable 
an assessment to be made of the nature 
and extent of deletions and substitutions 
in the viral DNA 

Considerable progress along these 
lines 1s now reported by Brockman, Lee 
and Nathans (Vu ology, 54, 384, 1973) 
They have used the restriction enzyme 
of Haemophilus influenzae, which 
breaks SV40 DNA into eleven frag- 
ments, and have analysed the fragments 
produced from defective DNA after up 
to twenty serial, undiluted, passages in 
BSC-1cells The results show that after 
four passages widespread deletions have 
been produced in the SV40 DNA This 
1s reflected, first, in the fact that the DNA 
molecules recovered are shorter, and, 
second, in the appearance of new restric- 
tion fragments distinguished by their 
electrophoretic mobilities All the orig- 
inal eleven fragments are still present, 
but not in the same amounts—frag- 
ments D, E, F, G, J and K are slightly 
decreased The authors have ruled out 
the presence of whole parental DNA 
molecules in the defective virion popu- 
lation, which could be the sole source of 
the eleven normal restriction fragments 

After eight passages, many new 
restriction fragments can be detected 
The decreased amount of fragments 
D, E, F, G and K 1s much more notice- 

le Interestingly, these fragments are 
corMguous in the restriction «nap of the 
SV40 genome (Danna et al, 1973) and 
make up the region transcribed late in 
lytic infection. (Khoury, Martin, Lee, 
Danna and Nathans, J molec Riol , 78, 
377, 1973) By twelve passages, the 
fragment pattern 1s much simplified and 
remains so after further passages There 
are five principal fragments after 
twenty passages*none of which has the 


same electrophoretic mobility as the 
original fragments 

Hybridisation analysis of defective 
DNA showed that up to the fourth pas- 
sage, the sequences present are almost 
entirely derived from SV40 From the 
eighth passage on, a decreasing percent- 
age of the defective sequences anneal to 
SV40 DNA  Hybridisation to BSC-1 
DNA. revealed the presence of host 
sequences, but the conditions used in 
the experiments suggested that these 
were mostly non-repetitive sequences 

The conclusions that may be drawn 
from this interim analysis are that dele- 
tions occur early in a sequence of 
passages, but that they are not initially 
accompanied by substitutions with host 
DNA Second, the deletions probably 
occur at many sites, but apparently more 
frequently in the area of the genome 
including the sequences for ‘late’ viral 
functions Third, as the number of 
passages increases, new dominant spe- 
cies of defective molecules are produced, 
in which less than one third of the 
sequences are derived from SV40 
Brockman et al suggest that since the 
defective DNA molecules presumably 
replicate faster than normal, those that 
retain their replication functions, or 
which in some way enhance them, will 
be at a selective advantage This may 
explain why fragments D, E, F, G, K 
and J are affected preferentially, whereas 
fragments A, B, C, H and 1, which 
include the site of initiation of DNA 
replication, are retained It ıs also 
possible that the host sequences which 
become part of the hybrid defective 
molecules confer some advantage in 
replication 


ENTOMOLOGY 


Insect Flight 


from our Insect Physiology Correspondent 


THe biennial symposia of the Royal 
Entomological Society of London, which 
are condensed into a day and a half, 
are planned to provide accounts of the 
current state of knowledge in a form 
adapted to a non-specialist audience 
The specialists who give the talks are 
therefore presented with a formidable 
task The symposium on insect flight 
held on September 20-21, which was 
organised by Dr R C Rainey, dealt 
with two principal topics the mechanics 
of insect flight, and the flying insect ın 
its environment 

J W S Pringle (University of Ox- 
ford) gave a lucid aceeunt of the two 
types of flight muscles synchronous 
and asynchronous in regard to their 
relation to nefvougs stimulation He 
then discussed the mechanical sense 
organs which inférf the insect about 
its own wing movements, and the wing 
mechanism as it exists in the honeybee 

B Mulloney (University of California, 
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San Diego) dealt with the antithesis 
between centrally generated motor 
patterns of flight control and the func- 
tion of sensory feedback, and then with 
the light that has recently been shed on 
this problem by intracellular record- 
ings from motor neurones and inter- 
neurones in the locust W Nachtigall 
(Universitat des Saarlandes) reviewed 
his extensive work on flight mechanics 
and aerodynamics in the cockchafer 
Melolontha, ın blowflies and in the 
honeybee, and also on the gliding flight 
of butterflies Kinematic parameters 
and power output are tolerably well 
understood in these insects 

T. Weis-Fogh (University of Cam- 
bridge) reviewed the steady-state aero- 
dynamics which has been shown to 
account for the normal flight of the 
locust and other insects, and then gave 
a brief account of his work on novel 
types of non-steady aerodynamics depen- 
dent on wing twisting, as utilised in 
minute insects at low Reynolds number 
and also in hovering insects and 1n many 
butterflies 

R C Rainey (Centre for Overseas 
Pest Research, London) surveyed the 
behaviour of flying insects in relation to 
atmospheric circulation This 1nvolved 
consideration. of long-range mugration 
and global wind systems, the biological 
cohesion of flying locust swarms, con- 
vergence of insects by wind systems and 
the bearing of this on crop damage and 
the formation of spray targets E Betts 
(Centre for Overseas Pest Research) 
related these matters to the problem of 
practical forecastipg for infestations of 
such tropical migrant pests as the desert 
locust and the African army worm 
R J V Joyce (Cranfield College of 
Aeronautics) discussed the possibility of 
utilising knowledge of aerial transporta- 
tion, dispersal and concentration in 
order to control migrant insects by 
direct attack from the air The methods 
and the detailed behavioural results 
obtainable ın radar recordings of flying 
insects were then described by G W 
Shaefer (Loughborough University. of 
Technology), who related such findings 
to the study of insect populations and 
the influence of wind fields on flight 

M Lindauer (Universitat Wurzburg) 
gave a general survey of orientation in 
the honeybee during foraging and 
homing flights This involved consider- 
ing the sensory stimuli used in identrfy- 
ing the goal, and the methods of Jocalisa- 
tron—including measurement of dist- 
ance, orientation by the Sun with the 
necessary corrections for time, wind and 
so forth, and the influence of the 
Earth's magnetic field C G Johnson 
(Coconut Industry Board, Jamaica) 
stressed the lability of the flight system, 
the fact that flight activity changes 
during adult ‘ife—largely in relation 
with reproduction, which 1s commonly 
preceded by migration or dispersal 
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These life cycles are tied in with meta- 
bolic changes, muscle autolysis, and 
so forth R Wootton (University of 
Exeter) dealt with the fossil record and 
msect flight No insect fossils exist 
from the Devonian when winged insects 
are believed to have appeared, but from 
consideration of the earliest fossil forms 
he supported a monophyletic origin of 
insect flight by way of a gliding phase in 
Devonian insects with thoracic para- 
notal lobes V B Wigglesworth (Uni- 
versity of Cambridge), after reviewing 
theories of the origin of wings, sup- 
ported the gill theory and suggested that 
wings evolved from the styl of the 
thoracic coxae 1n a secondarily aquatic 
apterygqte, perhaps of thysanuran 
type, and he restated his ‘dispersal 
theory’ of the origin of flight or thfs 
basis 


LEPROSY 


New Treatment ? 


from a Correspondent 


ONE of the many enigmas of leprosy 
concerns the particular predilection of 
the causative bacillus for human nerve 
tissue, a site which no other infective 
bacilli are found to occupy The disease 
has received little attention. from re- 
search workers, so that the nature of the 
causative organism remains unknown 

Since 1967 Prabhakaran’s group have 
been concerned with the presence and 
implications of an unusual tyrosinase 
in Mycobacterium leprae, and in the 
current Leprosy Review (44, 112 , 1973) 
Prabhakaran reports their latest findings 
1n a comprehensive review of the activity 
and function of this enzyme This work 
may point the way to a chemothera- 
peutic agent for treating leprosy 

Tyrosinase ıs utilised in the oxidation 
of DOPA (dihydroxyphenylalanine) in 
the formation of pigment The enzyme 
is present in animal and plant cells, and 
exhibits in M leprae (as ın other cells 
of low phylogeny) a wide substrate speci- 
ficity Manometric, spectrophotometric 
and more recently radio-isotope tracer 
techniques have demonstrated the rapid 
oxidation of DOPA in viable organisms 
isolated from humans and armadillos 
(the nine-banded armadillo has recently 
been found to be susceptible to M leprae 
infections) Certain. properties of the 
bacillary enzyme which distinguish it 
from the plant and mammalian enzymes 
have also been intimated 

In contrast to tyrosine of mammalian 
and plant origin, no substrate inhibition 
of the bacillary enzyme has been demon- 
strated and neither ıs the enzyme ın- 
hibited by penicillamine or mimosine 
The intermediary quinone produced in 
the conversion of DOPA to melanir ın 
mammalan and plant, cells 1s dopa- 
chrome, in M leprae it 1s 1ndole-5-6- 
quinone. In plants and mammals reduc- 


ing agents regulate the activity of tyro- 
sine by inhibiting the production of 
quinone from DOPA, whereas in M 
leprae the enzyme ıs not affected (al- 
though the further oxidation and poly- 
merization of quinone to melanin is 
prevented) In plants tyrosine ıs a 
soluble enzyme, 1n mammalian cells the 
enzyme ıs particulate and can be released 
by deoxycholate. In M leprae the 
enzyme is also particulate and can be 
released by the anionic detergent sodium 
dodecyl sulphate but not by deoxy- 
cholate The existence of differences 
between the mammalian and bacillary 
enzyme indicates that M leprae enzyme 
may be a suitable site for the action of 
chemotherapeutic agents, particularly 
because 1t seems to have a key metabolic 
role ın the growth of the bacillus 

Prabhakaran points out that the sites 
invaded by M leprae in man are all 
sites where free DOPA 1s present—skin 
and peripheral nerves, the eye (ciliary 
body and iris), testis, adrenal medulla 
and Schwann cells of dorsal root ganglia 
of spinal nerves All these tissues in- 
cluding the melanocytes inhabited by 
the bacilli in skin and mucous mem- 
branes are derived from neural crest 
cells of the embryo In vitro the produc- 
tion of melanin by melanocytes 1s sup- 
pressed in the presence of viable M 
leprae organisms, indicating utilization 
of the DOPA by the bacilli 

A requirement for DOPA would 
therefore explain why the leprosy 
bacillus occupies such a unique environ- 
ment in the human host The most 1m- 
portant implications of these findings, 
however, are concerned with chemo- 
therapy. Knowledge of biochemical 
differences between host and causative 
organism induces a rational approach to 
the design of chemotherapeutic agents 
In the case of leprosy, where an alarm- 
ing degree of resistance to the sulphone 
drugs ıs becoming evident, new chemo- 
therapeutic agents are urgently required 
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In this respect inhibitors of M leprae 
tyrosinase activity may prove to be of 
great value. 

Diethyldithiocarbamate (DDC) was 
found to be the most potent mhubitor 
of M lepiae tyrosinase both in vitro and 
in vivo where it suppresses multiplication 
of the bacillus ın mouse footpads and 
results in a loss of viability DDC 
probably inhibits the tyrosinase by bind- 
ing with the copper moiety of the 
enzyme Acting in this way, any muta- 
tion in the amino acid sequence of the 
enzyme, which is the cause of drug re- 
sistance 1n some instances (for example, 
in some bacteria resistance 1s induced 
in this way to rifampicin, a drug which 
has recently proved to be of value in the 
treatment of leprosy), would not result 
in decreased activity of the drug The 
structure of DDC is such that the com- 
pound can pass easily through lipid pre- 
dominant pores of the membrane, so 
that resistance due to a permeabihty 
barrier (as occurs 1n many 1nstances of 
bacterial resistance) is unlikely to occur 

DDC and other compounds designed 
to inhibit the utilization of the ap- 
parently essential DOPA may therefore 
prove valuable in the treatment of 
leprosy 


NAVIGATION 


Homing by Pigeons 


from our Animal Behaviour Correspondent 


Ir 1s one thing for an animal to be able 
to take up a consistent orientation and 
find its way home using a simple com- 
pass (Sun, star and magnetic compasses 
are found throughout the animal king- 
dom) It is, however, a feat of a quite 
different order for the animal to be able 
to home consistently from wherever it 1s 
released, that 1s to say to take up a 
different compass direction depending on 
where ıt 1s in relation to home Pigeons 
are able to do this over long distances 





Terminator Anticodons in 18S rRNA 


IN Nature New Biology next Wednes- 
day (October 31) Dalgarno and Shine 
report that they have sequenced the 
eight nucleotides at the 3’ end of 18S 
RNA from yeast and Drosophila by 
stepwise degradation, followed by con- 
densation with labelled 1sonicotinic acid 
hydrazide, and compared them with the 
same sequence 1n rabbit reticulocyte 185 
RNA The sequence, GAUCAUUAoz, 
was the same for all three eukaryotes 
Sequences at tht’? end of RNA isolated 
from the large ribosomal subunits show 
no similar homology 

Dalgarno and Slane suggest that con- 
servation of this fragment in such 
distantly related species implies a parti- 
cular role ın some cellulat processes, and 
advise inspection. of the antiparallel 


RNA complement of the sequence for 
an indication as to what this role might 
be The complement (UAAUGAUC) 
contains two sequences, UAA and 
UGA, which are terminator codons in 
messenger RNA and one other, UAG, 
if “wobble” occurs — Since it ıs known 
that transfer RNA ıs not involved in 
recognising terminator codons, 1t seems 
likely that the octanucleotide sequgset 
at the 3’ end of 188 DNA molecules has 
this function 

The authors tentatively propose that 
the conserved sequence "scans" the 
mRNA during translation until the 3’ 
oligonucleotide forms base pairs with 
the terminatpr codons in the mRNA, at 
which a factor is activated, so that the 
ribosome can, be released 
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and nobody 1s quite sure how they do 
it. Keeton (J comp Physiol, 83, 1, 
1973) suggests that a valuable clue to 
this mystery may be supplied by exploit- 
ing a curious fact about pigeon homing 
when released from a site well away 
from their home loft, pigeons depart 
non-randomly, but the mean vanishing 
bearing almost never coincides with the 
direction of their home Instead, the 
birds set off in a direction which con- 
sistently deviates from home and correct 
themselves later on in the flight What 
18 more, this initial deviation is often 
characteristic of a given release site If 
these ‘release-site biases’ are due to some 
local distortion of geophysical cues that 
the birds are using, then finding out 
about the nature of this distortion may 
help one to understand what naviga- 
tional system the birds are using 

Keeton investigated a particular 
release site 89 miles NNE from his lofts 
in Ithaca, NY, from which his pigeons 
consistently fly off on a bearing about 
60° to the right of the home bearing 
By releasing numbers of birds (singly, so 
they did not influence one another) he 
found that a similar directional bias was 
shown by the pigeons whether or not 
the Sun was visible and whether the 
birds were experienced homers or on 
their first flight ever away from the loft 
The biasing factor at the release site 
does not, then, seem to be dependent on 
weather or on the experience of the 
birds Pigeons from other lofts and bank 
swallows also deviated ın the same 
clockwise direction 

Keeton also found that it 1s not some 
feature of the landscape which attracts 
or repels the pigeons It 1s well known 
that keeping pigeons in an artificial light- 
dark regime which 1s ahead or behind 
that of the outside world will result in 
their vanishing bearings being shifted to 
left or right (the ‘clock shifting’ gives 
them a false idea of time and upsets 
their ability to use the Sun as a time- 
compensated compass) By clock shift- 
ing birds 4, 5, or 6 h forwards, Keeton 
was able to make his birds set off more 
directly towards home In other words, 
pigeons will fly directly homewards if 
their navigational system tells them that 
this ıs the direction to go Keeton js 
at present trying to find out what it is 
about this release site that causes the 
navigational system to respond inappro- 
priately, for he believes that his birds 
are not making an error, but are prob- 
ably taking readings correctly from a 

orted ‘map’ 
`» Ld 

COLLOID SCIENCE 


Magnetic Filtration . 


from our Materials Science Correspondent, 
A GOOD criterion for judging whether a 
piece of research 1s suitable for summar- 
ising 1n News and Views 1s the difficulty 


found ın choosing a heading for the 
possible story This one 1s headed ‘col- 
loid science’, but it might equally well 
have been ‘applied physics’, ‘magnet- 
ism’, ‘fluid dynamics’, ‘filtration’ or 
‘pollution abatement’ Interdisciplin- 
arity is all the rage, and 1s common 
enough in teams what is much rarer, 
and apt to get results, is the one-man 
interdisciplinary team 

J. H P Watson is one of these 
monanthropic teams He has just out- 
lined (J appl Phys, 44, 4209, 1973) the 
principles of a new method of filtration 
He examines the behaviour of a suspen- 
sion of small paramagnetic spheres in a 
liquid flowing at right angles to a ferro- 
magnetic wire when a steady magnetic 
field 1s applied parallel to the direction 
of fluid flow Briefly, the particles are 
attracted to the wire and will adhere to 
it 1f they pass within a critical distance 
which 1s itself a function of flow rate, 
wire diameter, particle diameter, ferro- 
magnetic permeability and paramagnetic 
susceptibility The most important 
parameter or figure of merit seems to be 
the ratio of the fluid velocity to a ‘mag- 
netic velocity’, which unfortunately 1s 
nowhere defined or explained 

Watson goes on to consider the effi- 
ciency of a filter of crumpled wire in a 
field, ın terms of the packing fraction 
and the above-mentioned figure of 
merit, both for streamline flow and for 
the less tractable case of turbulent flow 
Such a filter, given a sufficiently strong 
field and fine particles, could be highly 
efficient, a kind of liquid-flow analogue 
to the electrostatic precipitators used for 
smoke Watson considers the special 
case of sewage Here ıt would be neces- 
Sary to use paramagnetic powder, such 
as haematite, as “nucle: for activated- 
sludge flows", and then to extract the 
powder from the filtrate and recycle it 
Watson claims that such a filter would 
be 100 times more efficient than a sand 
filter of the same area—perhaps a rather 
modest factor of improvement in view 
of the probable capital and process 
costs, but interesting nonetheless He 
suggests that a superconducting magnet 
would be needed to attain a sufficiently 
high field (no field-strength 1s quoted 
anywhere), and that a 12-foot diameter 
magnet/filter could proces 25x107 
gallons a day and serve a city of 05 
million The economics of this pro- 
posal would be intriguing ın the extreme 
—it ıs hard to see whether ıt would be 
an environmentalist’s Concorde or an 
ultra cost-effective vehicle for recycling 
haematite, liquid helrum and water 

The particular application proposed 
may provoke a measure of scepticism 
and the theoretical treatment, as pub- 
ished, may raise $& number of un- 
answered questiong ebut the filtration 
technique 1s one with most interesting 
potential, especially if the theory can be 
experimentally confirmed 
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PLATE TECTONICS 


Subduction Reverses 


from our Geomagnetism Correspondent 
ONLY a few years ago, heat flow studies 
were often regarded as the poor rela- 
tion of the geophysical family, the 
results were interesting but ıt was diffi- 
cult to see what conclusions could be 
drawn from them The most striking 
fact to have emerged in the early days of 
heat flow work was that the average 
continental and oceanic heat flows are 
approximately equal, and this was felt 
intuitively to be 1mportant even though 
its implications were far from clear But 
even this unexpected discovery had little 
impact on the mainstream of géophysi- 
cgl thought, precisely because of the 
problem of interpretation Today, how- 
ever, the situation is quite different For 
one thing, Sclater and Francheteau 
(Geophys J, 20, 509, 1970) have shown 
convincingly that the continental-oceanic 
equality is largely irrelevant because it 
fails to take account of variations in 
heat flow with age But on the more 
positive side, heat flow data are now 
playing a much more significant part in 
the detailed interpretation and clarifica- 
tion of plate tectonic processes 
A good example of this 1s provided by 
new and old heat flow results from the 
western equatorial Pacific (Halunen and 
Von Herzen, J geophys Res, 78, 5195, 
1973) The equatorial Pacific west of 
Hawau is a large and complex area still 
very poorly understood ın plate tectonic 
terms and for which geophysical data 
are still relatively sparse, although its 
extensive arc-trenéh system 1s generally 
believed to indicate a set of convergent 
plate boundaries But in this general 
scheme of things, the Solomon Islands 
region 1s apparently anomalous In 
much of the western equatorial Pacific 
the island arcs are associated with tren- 
ches and subduction zones produced by 
lithospheric spreading from the Pacific 
side, and on this Lasis the Solomon 
Islands, which stretch out in a roughly 
northwest-southwest direction, would 
be expected to have a trench on the 
northeast side But this is not so, the 
trenches in this region lie on the conti- 
nental side of the island arc system 
To help explain this apparent discre- 
pancy, Halunen and Von Herzen have 
turned to good advantage the Earth's 
high thermal inertia, a phenomenon 
which is often regarded as more of a 
hindrance but which in this case enables 
recent changes in plate tectonic behav- 
1our to be identified Combined newly 
and previously obtajned data show that 
immediately northeast of the Solomon 
Islands the heat flow 1s low at about 
35 mW m^? but jncreases to ‘normal’ 
(about 64 mW m^?) out in the Pacific 
to the north To the southwest of the 
islands, on the other hand, heat flow 
1s high at about 83 mW m=, with two 
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particularly high values reaching 126 
mW m^? and 143 mW m^? Further to 
the south of the Solomon Islands, in 
the Coral Sea basin, heat flow reverts to 
normal (here about 62 mW m^?) 


Generally speaking, heat flow in the 
vicinity of a trench-island arc system is 
about normal beneath the ocean basin 
adjacent to the trench, low in the trench 
region where lithosphere 1s descending, 
and above average on the continental 
side The reason for the high heat flow 
behind arc-trench systems is still a 
matter of debate, but for the present 
purpose it ıs sufficient to know that it 
1s a feature of island arcs clearly related 
in some way to the plate tectonic pro- 
cesses involved In the Japan trench-arc 
system, for example, heat flow in the 
Japan Sea, the continental side of the 
system, averages 84 mW m^? and that 
1n the trench itself averages 29 mW m~? 
These figures bear a notable resemblance 
to those from the Solomon Islands 
system The only problem ıs that in 
the Solomon Islands case the heat flow 
values are reversed, being high in the 
trench side (although low in the trench 
itself) and low on the continental side 
In other words, the heat flow data are 
apparently more consistent with the ex- 
pected lithospheric downwelling from 
the Pacific side than with the actual 
descending of the lithosphere from the 
Australian side 


This ıs where the point about thermal 
inertia comes in Halunen and Von 
Herzen argue that because of the 
Earth’s high thermal inertia, the heat 
flow observed now (apart from the pre- 
sent trench) reflects Not the current tec- 
tonic situation but that existing at some 
time in the past (probably the upper 
Miocene) Notwithstanding the appa- 
rent anomalous behaviour beneath the 
Solomon Islands region in the context of 
the western Pacific as a whole, the tec- 
tonic situation 1s, 1n fact, consistent with 
plate tectonics which shows that 1n the 
southwest Pacific the Australian plate 
1s moving northwards and underthrust- 
ing the Pacific Ocean plate The case 
now put forward by Halunen and Von 
Herzen, however, 1s that this is a com- 
paratively recent development, and that 
at one time subduction took place from 
precisely the oppesite (Pacific) direction 
in accord with the observed heat flow 
They then go on to suggest that what 
reversed the flow was a particularly 
thick (about 40 km) piece of spreading 
oceanic lithosphere which collided with 
the original island arc and, because of its 
buoyancy, effectively prevented further 
subduction from the Pacific direction 
Because a continuation of lithospheric 
consumption was essential, subduction 
then began from the Australian plate 
The crustal block which stopped ‘the 
original subduction now largely forms 
the Ontong Java plateau which lies to 
the north of the Solomon Islands 


This model not only explains the ob- 
served heat flow but 1s also consistent 
with other geological and geophysical 
features of the region For example, 
Coleman (Pacif Sci, 24, 289, 1970) 
used structure and rock types to divide 
the Solomon Islands system into three 
linear geological provinces along the 
trend of the arc—the Pacific, central and 
volcanic (southwest) provinces Of 
these, the central and volcanic provinces 
are typical of other western Pacific 
island arc systems But the Pacific 
province is not, Coleman’s conclusion 
being that it did not exist ın its present 
position prior to the upper Miocene 
To this, Halunen and Von Herzen add 
that the Pacific province 1s probably part 
of the Ontong Java plateau and thus did 
not assume its present position until 
about the time the subduction was 
reversed 


On the geophysical side, the shallow 
seismicity 1s, as would be expected, con- 
sistent with the present pattern of Jitho- 
spheric motion — Shallow-earthquake 
epicentres lie along the south coasts of 
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the Solomon Islands, and the distribu- 
tion of intermediate foci suggests a sub- 
duction zone dipping at about 45? to 
the northeast But there 1s a gap in 
foci at depths of 225-380 km and the 
resumed deeper activity indicates an 
almost vertical focal plane This sug- 
gests a detached slab of lithosphere at 
depth, although Halunen and Von 
Herzen propose that the slab may be 
not part of the present descending litho- 
sphere but a remnant of the original 
Pacific subduction The pattern of atten- 
uation of short period S waves 1s, as 1s 
usual in island arc systems, higher 
across the continental side and lower 
across the oceanic side, but, of course. 
since the subduction behaviour beneath 
the Solomon Islands is opposite from 
that of the western Pacific as a whole, 
the attenuation pattern is really more 
consistent with the original direction of 
subduction 

In conclusion, as Furumoto et al 
(Pacif Sct, 24, 315, 1970) demonstrated, 
the crust 1s indeed unusually thick (35- 
42 km) beneath the Ontong Java 
plateau 





Magnetics East of the Lesser Antilles Arc 


IN spite of the widespread attention given 
to oceanic magnetic anomalies in recent 
years, there are still many areas where 
anomalies are poorly defined, if at all 
In some cases it 1s simply a question of 
waiting for somebody with sufficient 
resources to take an interest, but some 
of the regions remaining unstudied also 
present particularly difficult problems 

In the section of the Atlantic Ocean 
east of the Lesser Antilles island arc, for 
example, the magnetic pattern 1s com- 
plicated by the large number of fracture 
offsets, and the identrfication and corre- 
lation of lineations are made more diffi- 
cult by a combination of slow spreading 
rate, relatively low anomaly amplitude 
and topographical influences — Never- 
theless, in Nature Physical Science next 
Monday (October 29), Peter et al are 
able to report that they have identified 
the whole Cainozoic magnetic anomaly 
pattern in the area, and conclude from 
it that the evolution of the corresponding 
section of the mid-Atlantic ridge was 
little different from that elsewhere in 
the north Atlantic 

This conclusion 1s based largely in a 
correlation of the magnetic anomalies 
and topography of the mid-Atlantic 
ridge east of the Lesser Antilles island 
arc with those of a standard ridge sec- 
tion between the Atlantis and Kane frac- 
ture zones in the north Atlantic This 
correlation clearly,shows that properties 
considered typical of the north Atlantic 
extend southward to the Vema fracture 
zone Even so, Some results were un- 
expected For one thjng, the offsets 
(dashed lines on the map) trend east- 
west Moreover, the contmuity of 


lineations across the trend of the Barra- 
cuda ridge (N 108° E) suggests that this 
ridge 1s not part of a major transform 
fault but only a local feature Similarly, 
although the southernmost of the three 
major fault troughs (hatched regions) 
coincides roughly with an offset and 
correlates with the east-west offset 
across the Researcher ridge, the two 
northerly troughs are not associated with 
magnetic offsets The northerly troughs 
and parts of the ridges are thus probably 
the results of normal or reverse (rather 
than transform) faulting North of the 
area of investigation, offsets do strike 
northwest-southeast, however, the 
change 1n direction probably occurring 
at about 19° N where the trend of the 
ridge crest also changes direction 
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Finally, Peter et al contend that their 
data support the view that since the 
upper Cretaceous North America and 
South America have moved away fror% 
Africa essentially as a single plate, they 
also propose a modrfication to the pre- 
drift reconstruction of the north Atlan- 
tic which would require a less severe 
rotatign of the central American Palaeo- 
zoic blocks and allow for an east-west 


‘spreading of the mid-Atlantic ridge 


between Affrica and the central Ameri- 
can blocks from the upper Triassic to 
the lower Cretaceous* : 


mte barded insulators 


414 
SOLID STATE DEVICES 


from our Solid State Physics Correspondent 


INTRODUCING his technical paper at the 
Third European Solid State Device 
Research Conference ın Munich on 
September 21, G H Schwuttke (IBM) 
informally sounded the keynote of the 
conference when he reflected on the 
rate of development and cost 1mprove- 
ment in solid state device technology 
He said that, 1f the motor car had devel- 
oped with the same rapidity, our 
vehicles would now cost £100 and travel 
at 10,000 miles an hour His point was 
that demands on the performance of 
materials have become severe as device 
dimensions and rates of operation have 
changed by the orders of magnitude 1m- 
plied in his example ‘The strongest 
demands have been 1n purity, perfection 
and fineness of structure in the intri- 
cate patterns of interwoven solid phases 
which go to make up a solid state device 
Compared with earlier conferences 
perhaps the greatest difference was the 
upsurge of contributions on means of 
forming arrays of metal-oxide-silicon 
structures, using techniques such as 10n 
implantation and growth of epitaxial 
silicon films For example, F F Fang 
and H Rupprecht (IBM) investigated 
the ultimate switching speed for a chain 
of MOS gates, using all the ‘tricks’ of 
implantation techniques They achieved 
delay times as low as 01 nanosecond 
and standby power drains as low as 2 
nanowatts from all-n-channel arrays 
R de Werdt andI A den Boer (Phillips) 
described improvements imparted by 
implantation to the already sophistica- 
ted LOCOS methods for making com- 
plementary-symmetry MOS circuits 
Three papers were also given by investi- 
gators from Siemens on complex cir- 
cuits made from silicon on sapphire, 
this medium will eventually allow even 
faster switching times by reducing capa- 
citances but control of the film proper- 
ties 1s still primitive 
Working alongside the people develop- 
ing metal-insulator-semiconductor devi- 
ces, some physicists have been trying to 
understand charge transport and buildup 
in the MIS oxide layer G Sixt (Institut 
fur Festkorperphysik) and A G 
Holmes-Siedle (University of Reading) 
described how independently they have 
used high-energy light in different ways 
to characterise charge profiles in bom- 
The floating gate 
memory has also beengimproved 
by inBenious use of charge injection 
into insulators Eschewing light, J 
Verwey (Phillips) has used junction 
avalanche effect to inject holes across the 
silicon dioxide layer, H Card has used 
Poole-Frenkel conduction through sili- 
con nitride for the same purpose M A 
Green and “J Shewchun (McMaster 
University, Ontasio) have also used 


oxide transport and they demonstrated a 
useful range of operating modes for their 
MIS tunnel diode, first discussed last 
year, 1n many respects, this device can 
mimic a p-n junction but the problems 
of forming a metallurgical Junction are 
avoided 

In the junction device field, ıt 1s clear 
that much still has to be found out 
about the way 1n which the p-n junction 
operates, especially when used at the 
limit of its performance At high 
currents, minority carrier injection 
levels are such that new forms of 
recombination occur An example 1s 
impact recombination, which 1s an Auger 
effect In this regime, the ratio of 
diffusivity to mobility deviates from the 
conventional Einstein relation, N G 
Nilsson (Royal Institute of Technology, 
Stockholm) has developed a suitably 
generalised Einstein relation, and K 
Roy and K H Glockner (AEG Tele- 
funken) and J Cornu and M Lietz 
(Brown Boveri have investigated this 
phenomenon in high voltage P-I-N 
diodes Work on gallium arsenide 
devices continues to be intensive, for 
example, ın the information handlmg 
area, H Klemknecht (RCA) reported 
70% modulation of He-Ne laser light 
in GaAs epitaxial light guides, using the 
Pockels effect There was also a whole 
session on light-emitting diodes and 
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another on Gunn devices It 1s clear 
that, for the sake of smoothing techno- 
logical progress, more has to be found 
out about the physics of the III-V com- 
pounds, including their band-to-band 
transitions, mechanisms of degrada- 
tion under stress and the defect struc- 
tures of real crystals As mentioned, 
device performance 1s increasing rapid- 
ly  Schottky-barrrer field-effect tran- 
sistors in GaAs can operate 1n the milli- 
metre wave region and P A Kirkby and 
G H B Thompson (STL) have achieved 
an output of 40 W mm^ from hetero- 
structure lasers 

Opto-electronic devices probably pro- 
vided the peak of interest for the con- 
ference J Carnes (RCA) gave a 
riveting survey talk on charge-coupled 
dévicts and announced a 160 by 128 
imaging array which could act as a 
pickup device for television display 
while accommodating the usual inter- 
lace delays, the publicity release talks 
about a camera the size of a cigarette 
packet For the first time, liquid- 
crystal displays were admitted into an 
otherwise purely ‘solid state’ conference 
This 1s reasonable on several grounds, 
not the least being the general opinion 
expressed by speakers that reflective 
liquid crystal arrays will probably 
carve out a large share of the display 
device market 





P Wave Velocities and Plate Motions 


ALTHOUGH the precise mechanism by 
which horizontal Irthospheric motion 
takes place 1s still uncertain, 1t 1s gener- 
ally agreed that the lithosphere is able 
to move by virtue of the low velocity 
channel, or asthenosphere, which 
underlies ıt The asthenosphere ıs the 
weak zone which reduces the coupling 
between the lithosphere above and the 
mesosphere below But if this is the 
case, argues Massé 1n Nature Physical 
Science next Monday (October 29), it 
1s probable that lithospheric motion 1s 
influenced by the thickness of the 
asthenosphere, which 1s known to vary 
around the Earth. In particular, it 1s 
likely that, for a plate containing con- 
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tinent, the greatest resistance to motion 
will occur beneath the shield regions 
where the low velocity channel 1s thin- 
nest "This, ın turn, implies that the rate 
of movement of a plate which includes a 
continent may also be influenced largely 
by the thickness and nature of the low 
velocity channel beneath the shield 

But is there any evidence to support 
such a view? Much more needs to be 
known about the lithospheric driving 
force before final conclusions may be 
drawn, but in the meantime Massé 
notes that a comparison between the 
Canadian and Australian shields gives 
general support to his hypothesis The 
P wave velocities in the low velocity 
zones beneath these areas are equal (see 
diagram) implying similar physical con- 
stitutions for the two zones But the 
thicknesses of the zones are different, 
and so are the drift rates of their respec- 
tive continents In numerical terms, 
the thickness of the low velocity chan- 
nel below the Canadian shield 1s only 
05 times that of the channel beneath 
the Australian shield and, according to 
Minster et al (Eos, 54, 238, 1973), the 
absolute drift rate of North America 
1s only 0 4 times that of Australia Thus 
although the analysis ıs limited to a 
simple comparison, the relevant para- 
meters are certainly consistent with 
Massé’s hypothesis 
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Measuting the Ciass Structure 


A. STEWART, K. PRANDY & R. M. BLACKBURN 


Department of Applied Economics, Unaversity of Cambridge, Cambridge CB3 9DE 


Previous discussions of social class have 
assumed a hierarchical structure to social 
relationships. Using recently developed 
computer techniques, it has been 


possible, for the first time, to test this 
assumption. An analysis of a survey of 
friendship choices indicated a probable 
one-dimensional structure. 


Tuis article ıs a short report of research using recently developed 
methods in a study of what has usually been called “social class” 
or “social status" In addition to the substantive results, one of 
our arms 1s to demonstrate the utility of advanced methods for 
treating data in the sdcial sciences In particular we are con- 
cerned with demonstrating a structuré from social relationships 
and in doing so we wish to illustrate how, 1n general, structures 
at an aggregate level may be developed out of large numbers of 
individual actions, even where the individuals concerned are 
unaware or only partially aware of such structures 

In both the sociological literature and common-sense views 
of society it has generally been assumed that social relationships 
are structured in a hierarchical way in other words, that the 
quality of social relationships between individuals depends on 
their positions 1n a hierarchical structure A particular 1mplica- 
tion of the existence of such a structure 1s that interactions be- 
tween individuals at the same level within 1t are on a basis of 
equality This has generally been linked to the concept of 
“status”, where 1t 1s assumed that those of similar status, 
frequently represented as social honour or prestige, choose to 
interact with each «other socially, and that life styles develop 
which are common to status equals and exclusive of status 
inferiors Other writers have rejected differential prestige as a 
major basis of stratification, but have nevertheless accepted a 
similar hierarchical structure. This being so, 1n spite of 1mpor- 
tant disagreements about the determinants and nature of 
stratification, the actual measurements of 1t have, in practice, 
been similar. Occupations have been used as a basis for differep; 
trating populations with the assumptions that an ordering of 
occupations will reflect the hierarchical structure The differen- 
tiation has frequently been of a very simple form, as for example 
the distinction between manual and non-manual occupations, 


but also ıt has often entailed more elaborate divisions, such as * e 


the definition of five classes by the Office of Population Censuses 
and Surveys? which 1s perhaps the most approved and used 
measure of stratification in Britain 





In keeping with this consensus we also used occupations to 
differentiate our population, but we made no initial assumption 
of ordering Our aim was, first, to test what has previously been 
assumed by writers of varying theoretical orientations that 
there 1s a specific hierarchical structure to be found in social 
relationships. It 1s 1mportant to recognise, however, that our 
methods test directly only the existence and dimensionahty of 
a structure The question of whether a unidimensional structure 
1s hierarchical in nature must be determined by external criteria, 
but insofar as we have predicted the structure on the basis of 
theories involving a hierarchy, finding a unidimensional struc- 
ture may be regarded as persuasive evidence for ıt A second 
aim was to develop a measure of the hierarchy, 1f 1t exists Asa 
consequence of our finer occupational distinctions and of the 
precision of our methods we hoped to provide a more extensive 
and sensititive measure than had previously been available 


Grading Occupations 


The manual/non-manual dichotomy and the five-class divi- 
sion mentioned above are products of the intuition of their 
creators and the only test of their validity ıs their plausibility 
and utility Where more subtle distinctions have been required, 
researchers have been more self-conscious about methods and 
have usually created these distinctions from the perceptions of 
samples of the population, arguing their validity from the 
representativeness of the samples Most frequently respondents 
have been asked to rank or rate a list of occupations and their 
answers have been aggregated 1n some way to produce a scale 
There are many weaknesses in these approaches, not least the 
fact that a rank order of some kind (that 15, a single dimension 
of “occupational status") will, by most methods, necessarily be 
obtained irrespective of the variations in the perceptions of 
respondents In this study we decided that, rather than ground 
our research ın an artificial procedure of having respondents 
rate occupations abstracted from their context, we would 
choose as our basic data actual social relationships (preferred 
leisure-time interactions), and rather than adopt methods fat 
would prejudge the issues of dimensionality and coherence we 
would use multidimensional scaling techniques to extract the 
inherent regularities of patterns of interaction. without any 
psevioug assumption of structuring 

Computer programs for multidimensional scaling techniques 
have been developed in the past 10 yr?-5 These are techniques 
for,extracting metric results from nbn-metric data, which would 
include most data 1n the social Sciences, and they also provide 
ways of estimating the,dimensionality of data» The program we 
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Table 1 Occupations and Occupational Scores for Respondents’ and 
Friends' Solutions 





Respondents and friends Scores 
Warehousemen —188 —164 
Guards and related workers —183 —151 
Foremen Engineers (so described) —176 —204 
Foremen Chemical Workers —175 
Foremen Rubber Workers —159 —193 
Foremen Shoe Workers and Leather Workers | —145 
Foremen Non-Skilled Engineering Workers —140 —103 
Foremen Glass Workers —112 
Foremen Skilled Engineering Workers —112 —118 
Foremen Warehousemen —97 
Technical and Engineering Assistants —96 
Foremen Inspectors 1n Engineering —93 
Supervisory Laboratory Assistants —93 
Laboratory Assistants —18 —16 
Clerks —69 — 108 
Draughtsmen —62 —29 
Office Managers —52 108 
Technicians —41 3 
Supervisory Clerks —37 —84 
Supervisory Technicians —24 
Supervisory Draughtsmen —6 
Service Managers 1n Industry 10 35 
Accountants 15 14 
Civil Service Executive Officers 17 —21 
Social Workers 22 —6 
Managers in Engineering 25 53 
Personnel Managers 32 94 
Mechanical Engineers 35 92 
Architects and Surveyors 39 67 
Managers in Industries other than Engineering 62 46 
Electronic Engineers 65 123 
Sales Managers 85 83 
Chemists 86 27 
Professional Workers NEC 95 83 
Physical and Biological Scientists 101 97 
Senior Officials in National Government 103 43 
Technologists 104 102 
Electrical Engineers 129 129 
Senior Officials in Local Government 132 95 
Civil Engineers 139 72 





* First dimensional values derived from similarities of respondents’ 
occupations 


t First dimensional values derived from similarities of friends? 
occupations 


Product moment correlation between columns 1 and 2— 0,93 


have used positions N points in an m-dimensional space, in such 
a way as to achieve the best possible approximation to a mono- 
tonic relationship between the (N/2) 1nterpoint distances in that 
space and a ranking of the observed dissimilarities among all 
pairs of N objects. Kendall* demonstrated that computer pro- 
grams for these techniques can produce very accurate maps 
from apparently 1nadequate sets of facts 


Analysing Responses 


The respondents 1n our study were 1,922 white-collar workers 
in, occupations ranging from foreman and clerk to senior 
manager and professional, employed in thirty-two varied estab- 
lishments within a sixty mile radius of Cambridge. In the course 
of an interview primarily concerned with aspects of white-collar 
work they were asked to give us the occupations of four people 
with whom they were friendly outside work. They wereencout- 
aged to give occupations other than their own. Both our re- 
spondents and their friends were classified according to the 
Classification of Occupations 1966, published by the Office of 
Population Censuses and Surveys. For present purposes the 
forty occupations with ten’ or more respondents were extracted 
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from the data The dissimilarities between each pair of occupa- 
tions were calculated using an index of dissimilarity used ın a 
number of other studies using multidimensional scaling tech- 
niques. It involves, ın our case, taking the sum of positive per- 
centage differences between the distributions of friendship 
choices for pairs of occupations. Where there 1s a complete 
overlap of friendship choices the index of dissimilarity has a 
value of 0 and where there are no friendship choices in common 
it has a value of 100 The matrix of dissimilarities between all 
pairs of our forty occupations was fed into the MINISSA pro- 
gram developed by Lingoes and Roskam (Roskam E E. Ch. I, 
and Lingoes, J., Non-Metric Multidimensional Scaling GKLR 
MINISSA—I Standard Version (computer program available 
from Roskam and Lingoes) (1969)). 

The results are given in Table 1 We shall go on to argue that 
there is a single large dimension ın our data, and the first 
column figures anticipate that argument. They are the best 
approximations to values on that dimension for the forty 
respondents’ occupations Included in Table 1 are the results 
from a second way of approaching the question of structure 
Instead of occupations of respondents arranged by similarity 
of friendship choices, 1t 1s possible to arrange occupations of 
friends according to the respondents who have chosen them. 
Our respondents chose friends in many different occupations 
(partly as a result of our encouragement to choose occupations 
other than their own) and we were able to isolate eighty-five 
occupations containing twenty or more friends The results are 
similar 1n important respects to those for respondents and the 
technical comments which follow, though they are made only 
in relation to the latter, might equally apply to both In sub- 
stantive terms the friends! result 1s of considerable interest (1t 
allows us, for example, to examine the positions of manual as 
well as non-manual occupations and indicates that there is 
almost no overlap between them), but for present purposes we 
shall be concerned only with those thirty-one occupational 
groups which are shared with the respondents? solution. The 
values on the friends’ solution are given 1n the second column 


Determining Dimensionality 


The most frequently used statistic for evaluating results 1s 
Stress, which 1s a measure of the deviation of the derived solu- 
tion from a perfect fit with the original data, and is similar to a 
residual sum of squares Rough guides to the interpretation of 
Stress values were suggested by Kruskal' and endorsed by 
Roskam*, Several more recent works?:1* which take account of 
the number of points to be placed in the space have, however, 
shown the limitations of these rules and have suggested more 
refined criteria, There 1$ no doubt that our results are highly 
significant according to these latter Every one of our solutions 
in from one to six dimensions 1s highly significant, however, and 
a problem that arises 1s the status to be given to the solution for 
dimensions above one or, ın other words, how to assess the 
“true” dimensionality of the structure If ın our case, for 
example, the interpoint distances are an inaecurate reflection of 
a single dimension (accounted for by one dimension plus a large 
number of errors each affecting only small parts of the data) 
then an improvement in Stress would still be found with 
Increases in dimensionality despite the “random” nature of the 
errors, The extent of the expected 1mprovement, however, 1s 
unknown. Kruskal" has suggested that an indication of dimen- 
sionality may be gained by examining the Stress values for 
solutions of increasing dimensionality for an elbow effect a 
sudden decline in the improvement of Stress values. Dimensions 
at and after the elbow would be regarded as non-significant 
Unfortunately elbow effects do not always occur and Klahr” 
has shown that they can occur merely as a consequence of 
noise, though this 1s more likely when there is a small number 
of points 

Since an examination of Stress values 1s therefore unlikely 
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alone to yield a satisfactory approach to the dimensionality of 
data we have chosen to look tn addition at differences in the 
proportion of variance due to each dimension 1n our various 
solutions. (In general one must approach with caution an inter- 
pretation of data which takes the proportion of variance due to 
dimension of a solution as an indication of the size of a sub- 
stantive dimension Monotonic distortion can add dimensions 
to solutions and also increase the size of dimensions This 
problem 1s particularly acute in a large dimensionality with a 
small number of points to be fitted In this case it 1s of httle 
importance ) The results are presented in Fig 1. 

The strong elbow effect in this diagram indicates that in all 
solutions the first dimension 1s very much larger than all suc- 
ceeding dimensions On the other hand, the second and subse- 
quent dimensions do not show the same relation to succeeding 
dimensions In each solution ın from three to six dimensions 
the second dimension has little more of the variance than the 
third dimension and so on 

In addition, the first dimension doesenot change much from 
solution to solution (the product moment correlation between 
the one-dimensional solution and the first dimension of the six 
dimensional solution 1s 0 93), though 1t becomes increasingly 
consistent with increasing dimensionality (the one-dimensional 
solution correlates 0.97 with the first of two dimensions, the 
first of two dimensions 0 99 with the first of three) The second 
and subsequent dimensions do not display this regularity 

The evidence then 1s that there is one large dimension in our 
data, plus a good deal of noise Some of the noise we know is 
associated with the measure of distance between occupations 
we have used and with better measures 1t should be reduced 
Meanwhile we have chosen to regard the first dimension of the 
six-dimensional solution, corrected for distorting factors 1n the 
method, as the best approximation to our large dimenston. The 
distorting factors are too complex to be discussed here, but 
their major consequences are overestimations of the distances 
between adjacent points at the extremes of the first dimension 


Variance (77) 





Ist Dimension. 2nd Dimension 3rd Dimension 4th Dimension 5th Dimension 6th Dimension 


Fig.1 a, Two-dimensional solution, b, three-dimensional solu- 
tion; c, four-dimensional solution, d, five-dimensional solution, 
*e, six-dimensional solution 


The scores m Table 1 are adjusted to take account of this The 
order of occupations remams unchanged. 

The product moment correlation between the respondents' 
solution and the frends’ solution 1s 0 93. We regard thiseas 
satisfactory, especiafly ın view of the disadvantages of the oc- 
cupational groupings we have used Some of the occupational e 
categories we have taken over from the "Classification of e 
Occupations" are disturbingly wide jn the ragge of specific, 
occupations they include (for example artists, sculptors, en- 
gravers and window dressers come in the same category) This 
being so, there are occasions when an occupational grouping of 
our respondents is not identical with the equivalent occupational 
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grouping of friends The fact that the solutions are so well 
related 1s, in the circumstances, strong evidence of a regular 
structuring 


Comparison with Other Data 


Although we have argued that the methods of this study are 
the most appropriate to work in this area, ıt ıs also of interest 
to see how our results compare with those obtained by other 
methods First, they are in large part consistent with previously 
constructed measures (they distinguish routine non-manual 
workers from managers and, for the most part, managers from 
professionals), but we are more concerned with the relationship 
to scales resulting from more rigorous techniques Unfortunately 
there are no extensive measures produced 1n Britain which are 
suitable for the purpose In fact the only one we could find with 
sufficient overlap with our data was Duncan’s Socio-Economic 
Index** for occupations ın the USA. This measure 15 a weighted 
combination of the percentage of members of occupations who 
were high school graduates and the percentage of members of 
occupations who were earning over $3,500 1n 1949 The data are 
available from the United States Census, but equivalent data 
are not available for Britain The weightings used were obtained 
from the regression of the education and income measures on 
a prestige scale created from evaluations of occupations by a 
national sample of the population of the USA The latter 
was developed by the National Opinion Research Center 
(NORC), and covered ninety occupations. The occupational 
titles are different from those used in this country and the 
overlap between our scale and the NORC scale was not 
sufficient to allow us to correlate them The Duncan Socio- 
Economic Index can be extended to cover many more occupa- 
tions and we have been able to find twenty-eight occupations in 
common In spite of the lack of identity in occupational titles 
between the scales, and in spite of the fact that they were 
developed in different countries, the correlation 1s 090 Com- 
cidentally, that 1s exactly the correlation between Duncan’s 
Socio-Economic Index and the NORC scale 

The relationship to other measures 1s 1nteresting, not least 
because they were created to measure an assumed hierarchy 
Adequate tests of the hierarchical nature of the structure, how- 
ever, will require further analysis of the relationship between 
position in the structure and its consequences for social 
experience. We are at present engaged in a study which will 
increase the range of occupations covered, and will also 
examine some of the determinants of stratification and the 
nature of experience at various pornts in the social structure 
In the meantime we offer these results as evidence of such a 
structure and as a means of measuring part of that structure. 

The data for this research were a small part of the total data 
of a project financed by the Social Science Research Council 
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Educability and Group Differences 


J. M. THODAY 


Department of Genetics, Milton Road, Cambridge CB4 1XH 





Professor Thoday reviews a recent book 


by Arthur R. Jensen. 





THLE recently published book by Jensen! is a very difficult one 
to review, not so much because the subject 1s controversial, 
but because so much of opinion in the area is strongly held, 
so that critical evaluation of the relation of data to hypothesis 
i$ limited Thus, to review the book properly one would need 
not only to consider other books that have resulted from the 
publication of Jensen’s article? in Harvard Educational 
Review but also to consider each important statement in 
each book ın relation to the original literature on which the 
statement is based Even this would be inadequate, for it 1s 
my experience that the original sources seldom give enough 
informatioN about sample structure or detail about results 
and statistical techniques to permit satisfying judgment and 
that correspondence with the authors of the paper 1s needed 

No reviewer can do all this especially ın such an inter- 
disciplinary field If one does any of it, however, one 1s 
brought face to face with a most unsatisfactory situation a 
scientific area in which, because of the impact of strongly 
felt 1deopolitical points of view, there 1s wholly inadequate 
objective criticism of the relation between data and conclu- 
sions either by authors or their readers 

Jensen, in his original Harvard Educational Review article?, 
raised old questions because he was, I am sure rightly, dis- 
turbed that much literature, and a good deal of policy, 15 
based on the assumption that variance in performance of 
IQ tests, and thus in correlated aspects of educability, arises 
largely or wholly from environmental reasons, despite the 
strong evidence for a large within-group genetic component 
He also raised the question of between-group differences, in 
particular the average difference between American white 
and negro social groups, maintaining that ıt was plausible 
to postulate a genetic component of this difference also It 
should be stressed that Jensen only put this forward as a 
hypothesis, not as proved, but it was for putting forward this 
hypothesis that he has been most attacked It should, how- 
ever, be remembered that to postulate genetic variance in 
‘educability’ even in a non-racial context 1s unacceptable to 
many 

(The groups mentioned in the previous paragraph are 
primarily social groups, though they correlate partially with 
biological ancestry Leach, reviewing this book in the 
Listener, made this a major criticism of Jensen, holding that 
he must not make a biological comparison between two 
groups unless the groups are defined by purely biological 
criteria This is illogical The whole question is whether 
two socially defined groups differ biologically in a certain 
variable or whether the difference 1s all a consequence of 
sotial factors ) 

Jerfen's book is about group differences, but 1s, as was his 
original article, based on the evidence concerning within- 
group differences Here there are two points which may be 
regarded as well established 

(1) Relative performance in IQ tests correlates with jela: 
tive performance in aspects of education that are highly 
relevant to success in and the needs of modern societies This 
statement remains true even ff we recognise that relative JQ 
1s not to be equated with. relative ‘intelligence’, and that the 


related aspects of educability are not to be equated with 
the whole of educability 

(2) Within-group JQ variance has a large genetic com- 
ponent There is room for argument whether Jensen's esti- 
mate of 8095 may not be on the high side, but there can be 
no doubt that heritability of IQ ranks high compared with 
heritabilities reported in the generality of studies of continu- 
ous variables, whether behavioural or physical, jn man or 
other organisms 

The high within-group heritability of this variable does 
not necessarily imply *anything about between-group differ- 
ences, but such differences need explanation There are, 
however, fundamental methodological problems, of which 
Jensen 1s well aware, which arise from the necessary fact that 
different social groups differ in their environmental circum- 
stances and are also partial genetic isolates Any environ- 
mental differences are therefore necessarily correlated with 
possible gene frequency differences and vice versa — Peculi- 
arly critical experimental design and cautious interpretation 
are therefore required in this field 

The two main kinds of between-group difference of mean 
JQ are those concerning socioeconomic groups (or social 
‘classes’) and those concerning ‘racial’ groups, particularly 
the United States white-/negro' comparison (I place negro 
1n inverted commas since the United States negro population 
has much white ancestry) 

Considering within-race socioeconomic groups (the cor- 
relation between IQ and ‘class’ 1s about 0 5), since (among 
United States and British whites) within-group heritability is 
high, social mobility 1s high and social mobility is correlated 
with IQ, it would be very surprising if gene frequency differ- 
ences were not the explanation of part of the differences of 
mean IQ This, however, ıs a long way from proof, stil] less 
estimation of the relative magnitude of the genetically and 
environmentally caused components of the group differences 

In his book Jensen gives little attention to ‘social class’ 
differences His one argument about the evidence (pages 
155-6) 1s, however, weak, for though he shows certain cor- 
relations are incompatible with a zero correlation between 
1Q genotype and social class, he makes no allowance for 
error ın the estimates, and the correlations would be com- 
patible if, for example, IQ heritability were 70%, instead of 
the 80% he takes 


Three Questions 


Most of his book concerns the ‘racial’ comparison The 
essentia] fact here 1s that United States 'negroes' score on 
the average one standard deviation below,the United States 
white mean in IQ tests 

Three questions can be asked about the causation of this 
difference Is the difference (in whole or part) a result of 
gene frequency differences? Js the difference a result of 
environmental (including cultural) differences in factors that 
also vary within the groups? Is the difference a result of 
some environmental-cultural factor exclusive to the United 

fates ‘negro’ population? 

I shall consider the second question first It 1s, of course, 
clear that there are within-group environmental variables 
that affect IQ Otherwise within-group heritability would be 
100%, and the correlátion between identical twins would 
be That some of this non-heritable variance 1s associated 
with socioeconomic group is strongly indicated by Skodak 
and Skeel’s study which showed that adopted children from 
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mothers of low IQ had higher mean IQs than expected on a 
purely genetic model Jensen deals with this ın a note to 
chapter 11 (page 241) 

The negro population 1s, of course, low 1n mean socio- 
economic status (SES), so that it 1s reasonable to postulate 
this as an environmental factor accounting for some of the 
group difference Attempts to equate for SES have, how- 
ever, failed to account for much if any of the difference 
between white and negro social groups — Likewise, though 
extreme malnutrition can lower IQ, attempts to investigate 
effects of nutrition in. the United States show negative 
results (malnutrition at levels found, say, in Africa 1s, of 
course, irrelevant to an assessment of the United States 
negro-white difference) Likewise, most of the other often 
postulated environmental factors, motivation, reaction to race 
of tester, language deprivation, inequalities of schooling, 
culture loading of tests, seem unable to account for the differ- 
ence Indeed, when tests which are regarded as differing on 
culture loading are used, quite the opposite result than that 
predicted on the culture loading hypothesis 1s obtained The 
white-negro difference ıs least on the most culture loaded 
tests Futhermore, other ‘racial’ minority groups have 
higher average IQ that United States negroes, some higher 
than United States whites Having considered the evidence, 
Jensen regards the evidence relating to my second question 
as quite inadequate to account for the negro-white differ- 
ence in the United States 

This brings me to the third question, which 1s, as Jensen 
puts it, to postulate an unknown factor X This has to have 
certam negative features 1f 1t 1s to fulfil its postulated func- 
tion, for 1t must be a factor that does not affect minority 
groups other than negroes, for these do not show the low IQ 
mean that the 'negro' social group does, nor can the factor 
be one that affects ‘deprived’ whites It has to be exclusive 
to ‘negroes’ 

It needs, however, to be pointed out that there are cultural 
factors exclusive to this negro social group, such as aware- 
ness of negro or slave ancestry and awareness of real or 
supposed social attitudes to ‘negroes’, and it 1s not reason- 
able to discount these simply because they present hypotheses 
difficult to test, and* because some other hypothesis fits the 
data Jensen seems to do this 

For example, in arguing for the plausibility of the 
genetic hypothesis Jensen puts considerable stress on the 
argument from regression This argument goes as follows 
The ‘white’ social group has a mean IQ of about 100, vari- 
ance about 15? and heritability 80% the ‘negro’ social 
group has a mean one standard deviation lower, about 85 
Then if we take a sample of whites of IQ about 120, an 
unbiased sample of their sibs must regress to the mean IQ 
of 100, that is, genetic theory requires that the sib mean 
should be about 1004-20x0 5x08 or 108 (20 is the devi- 
ation from the mean, 0 5 the genetic correlation between sibs, 
08 the heritability) This it does, which 1s not surprising 
since it ıs part of the evidence that heritability is 80% By 
contrast the sibs of a sample of negroes of IQ 120 should 
regress to a mean IQ of 85, that is, assuming that heritability 
within the negro social group 1s also 80% then it should be 
85+35X0.5X08, or 99 By the same argument the sibs of 
whites of IQ 80 should have a mean of 92, but those of 
negroes of IQ 80, only 83 Jensen claims that these expecta- 
tions are found in fact, in other words, the data fit genetic 
predictons (He does not quote the data, but after corres- 
pondence with him I am satisfied that the results are avail- 
able and do not seem to involve biases such as might Have 
permitted alternative explanations). Tensen therefore regards 
the evidence as supporting the genetic hypothesis 

For some time I fell into the same trap But it 1s a trap? 
for populations must regress to theif own mean whatever the e 
cause, genetic or envjronmental, of the mean differences 
between the populations This evidence 1s therefore as com- 
patible with explanation 1n terms of the environmental factor 
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X as in terms of the genetic hypothesis It adds nothing 
whatsoever to the strength of the genetic hypothesis All 
these results reveal 1s that heritability within the negro group 
1s of the same order as that within the white group 

I do not think this a culpable error on Jensen’s part So 
much of the argument concerning environmental factors 1s 
open to criticism, and he has been subject to such virulent 
attack (see the documentation ın the long preface to his 
Genetics and Education’), that ıt must be wellnigh 1mpos- 
sible for him to criticise the evidence relating to genetic 
hypotheses as closely and objectively as he has that con- 
cerning environmental factors 


Summarised Data 


But another example 1s less pardonable Jensen, Eysenck 
and also Shockley among others have each proposed that 
evidence might be obtainable from inter-group hybrids and 
from studies of correlations, among ‘negroes’, between IQ 
and amount of white ancestry as estimated from marker 
genes Jensen is well aware of the difficulties such studies 
must present, notably with respect to non-randomness of 
those involved 1n inter-group matings (see his chapter 9) and 
he deals in a different chapter with the one piece of evidence 
of this kind that he seems to think good, giving it much less 
stress than Eysenck did in his book Race, Intelligence and 
Education’ It 1s, however, a piece of evidence that illus- 
trates well the difficulties and extreme dangers of reliance on 
summarised data 

This is the evidence of De Lemos’ on Australian aborigines, 
and it concerns Piagetian tests whose results correlate strongly 
with those of culture-reduced IQ tests De Lemos gave 
Piagetian conservation tests to aboriginal children who were 
divided into two groups, according to Mission records of 
their ancestry, as full and part aborigines Most of the 
part aborigines had, it seems, one white greatgrandparent 
Jensen reproduces the data direct from page 316 of 
De Lemos’s paper? (see Table 1), and 1n this form it looks 
convincing 





Table 1 Table 17 1 of Jensen's Book! (Comparison of the Number of 
Part-Aboriginal and Full-Aboriginal Children showing Conservation*) 








Full Part 
Test Aboriginal Aboriginal x? P 
N=38 N=34 

Quantity 4 18 1521 «0 00] 
Weight 16 25 7 23 «001 
Volume 2 8 3 59 005« P«010 
Length 12 20 537 «005 
Area 3 10 423 <005 
Number 3 9 322 005« P«010 

Total 40 90 36 14 «0 001 





' From De Lemos’ 

t The chi square test for Total (given by De Lemos) is statistically 
inappropriate here, since pooling more than one observation from 
the same subject violates the requirement of independence of obser- 
vations upon which the chi square test depends 


But Jensen had already presented these data before? in 
a different form taken from De Lemos's PhD thesis" as 
shown in Table 2 

Not only are the significance levels now much less fmpres- 
sive, though total sample size js for some reason rather 
larger, but one immediately sees that Table 1 confounds 
en age difference with the ancestry difference, whereas Table 
2 shows age to be, as of ‘course it must, most important in 
relation to these tests One is left asking whether age differ- 
ences within the 8 to 11 and within the 12 to 15 year groups 
mught account for the significant results left ın Table 2 
Examination of De Lemos's original paper shows that age 
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differences are not adequately controlled, and that the data 
cannot be regarded as demonstrating that the ancestry differ- 
ence has significant effects It turns out that this conclu- 
sion has already been published by Vetta8, who also refers 
to a replication study by Dasen, which had negative results 
These papers came out too late for Jensen to refer to them, 
for his bibliography contains nothing later than 1971 But 
he criticises others 1n other contexts for failing to equate for 
age, and he really should have seen the implications of the 
difference between these two Tables reproduced from 
his own publications 

I have considered this example in detail because it illus- 
trates the difficulties one 1s faced with in judging conclu- 
sions in this area. Jensen has, often cogently, criticised 
evidence purporting to support relation between IQ and 
various environmental factors. Some of his own arguments 
are open to comparable criticism The treatment of 
De Lemos’s data and the consideration of regressions sug- 
gest that Jensen suffers from the same kind of conscious 
or unconscious bias as many of his opponents, that 1s to 
say he 1s prepared to accept evidence that seems to support 
his hypothesis with less critical examination than he would 
give to evidence purporting to be against him 


Lessons 


One 1s left therefore, despite all the literature, with these 
conclusions First, there js no evidence which reveals 
whether the negro-white JQ difference has any genetic com- 
ponent or any environmental component. Both hypotheses 
(and any intermediate hypothesis) are equally consistent 
with the facts (There is one exception, United States negro 
women score higher than United States negro men, a differ- 
ence for which no genetic model seems to fit the facts 





Table 2 Table 1 from Ref 6 (Numbers of Full-Blood and Part- 
Blood Australian Aboriginal Children Passing Piagetian Conservation 
Tests and the Significance Level (P) of the Difference* ) 





Age 8 to 11 years 





Age 12 to 15 years 


Total N= Full Part P Ful Part P 
25 17 17 21 
Tests 
Quantity 2 6 «01 2 15 «001 
Weight 9 Ji <01 7 17 «001 
Volume 0 5 «005 2 4 NS 
Length 10 10 NS 3 13 <005 
Number 0 4 <005 3 8 NS 
Area 1 4 NS 2 8 NS 





* Source De Lemos? 


Jensen himself has elsewhere? put the difference down to 
environmental factors of the nature of 'X', but does not 
mention the matter in this book It should account for at 
least one tenth of the United States negro-white difference ) 

Second, no statement about causation of IQ variation 
should be taken at its face value, whoever the authority 
Every statement requires most careful consideration of the 
detailed data on which it 1s based 

Third, the more we would like to believe some statement 
about the causation of IQ variations, the more closely should 
we examine the data and logic behind it 

Tf we learn these lessons, Jensen may have done us a 
service He is perfectly cogrect in maintaining that the 
hypotResis that group differences 1n IQ (or anything else) 
have a genetic component ıs plausible and that there ıs no 
evidence against ıt This means that no evidence which 
purports to demonstrate the relevance of some environmeng 
tal component can be regarded' as adequate unless it be 
demonstrated from the same evidence that the groups being 
compared could not differ genetically It follows also that 
we have no reason to expect that different groups will have 
the same distribudion of attributes amd that demonstrations 
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that different groups have different frequencies of success, 
for example in some educational selection process, cannot be 
regarded as good evidence that that selection process does 
not provide equality of opportunity for the individuals con- 
cerned These are important lessons that all—including 
editors—should bear in mind and try to act on 

But I believe there 1s a risk that Jensen may have also 
done us a disservice, for the controversy about group differ- 
ences 1s proving a stick to beat him with, to the detriment 
of rational discussion of individual variation and the import- 
ance of the genetic component of individual variation in 
attributes that correlate with IQ 

There 1s now a danger that the controversy about group 
differences may lead the evidence about individual differ- 
ences to be swept under the carpet But our relatively recent 
knowledge concerning the ubiquity of genetic variation 1s 
of the utmost scientific, political, and philosophical import- 
ance Variation in IQ, and variation in the related aspects 
of educability, are but,ong example Let us remember that, 
to assume that IQ variation 1s of no moment, or to assume 
that it does not have a substantial genetic component, not 
only flies ın the face of the facts, but puts us in a position 
where it can be held that the state through the educational 
system may make what it will of anyone In truth, indi- 
viduals, however malleable, are different and should not be 
treated as 1f they were the same Controversy about the 
causation of group differences must not lead us to ignore 
this, and difficulties that arise because groups differ ın the 
frequency with which they meet certain educational criteria 
must not lead to our assuming that everyone ıs able to meet 
the same educational criteria It is not true that everyone 
can reach the same academic standards if provided with 
adequate opportunity, and the heritability of IQ is a partial 
measure of that untruth Equality of educational achieve- 
ment must prove an unrealisable ideal Those who raise 
the hope that it 1s realisable must bear responsibility for the 
resulting widespread individual disappointment and all its 
consequences 

Our societies need to be organised to allow for individual 
differences, including such differences in aspects of educa- 
bility Indeed, if our societies were sf organised we might 
perhaps slowly come to realise that it does not necessarily 
matter 1f group differences prove to have a genetic com- 
ponent, for the genetic variation within groups and the over- 
lap between groups are more important and no demonstration 
that a group difference has a genetic component could 
justify ‘racism’ Perhaps also if we spend less effort con- 
sidering group differences and more on individual differences 
and their genetic component we may become more capable 
of reasonable discussion of the implications of this indi 
viduality, the ways in which society should accommodate 
it, and the extent to which any particular dimension of 
individuality, such as IQ and its associates, may or may 
not be overstressed in our present system of status and 
economic rewards 

Ithank Dr J B Gibson for drawing my attention to the 
difference between Tables 1 and 2 ` 
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Book Review Supplement 


Simulating the Obvious 


Toward Global Equilibrium: Collected 
Papers. Edited by Dennis L. Meadows 
and Donella H. Meadows. Pp. x+358. 
(Wright-Allen: Cambridge, Massgchy- 
setts, April 1973.) £9. 


THE work of Meadows and his col- 
leagues, sponsored by the Club of Rome 
and published in The Limits to Growth, 
has been so riddled with criticism (for 
example from the World Bank and from 
a group of workers in the University of 
Sussex) that one opens another book 
by these authors with doubts about their 
judgment, and scepticism about the 
value of systems analysis for enquiry 
into global social problems. Toward 
Global Equilibrium is a volume of col- 
lected papers by Meadows and his co- 
workers, in which the now familiar 
technique of computer simulation is 
applied to seven specific problems: the 
movement of DDT, mercury contamina- 
tion, eutrophication of lakes, the utiliza- 
tion of a natural resource, solid waste 
generation, a case stydy of natural gas 
in the USA, and population control 
mechanisms in a primitive agricultural 
society. 

These seven studies do, at any rate, 
counter one criticism of Meadows's 
earlier publications: the criticism that 
it is grossly misleading to put data into 
a computer for such vague generalities 
as aggregated global pollution or aggre- 
gated global availability of natural 
resources, and to draw any conclusions 
at all from the simulations. Several 
critics suggested that if the technique 
were applied to much more modest 
problems it might produce interesting 
results. That is what has been done in 
the studies described in this book. 

The simulations for DDT are made 
on the assumption that its use continues 
to increase, or remains at its 1971 level, 
or is phased out by 2000, or is com- 
pletely banned from 1971. The results 
show that even with a ban from 1971, 
the DDT level in fish will still be 
perceptible in the yaar 2020. The simula- 
tions for eutrophication show how the 
application of algicide would affect the 
oxygen content of a,lake. The simula- 
tions for solid waste generation describe 
what happens when assumptions are 
fed into the computer $bout incentives 
for recycling, taxes on extraction from 





GENERAL BOOKS 


raw material, or altering the amount of 
raw material in the product. The 
simulations for the "life cycle" of 
natural gas in the USA draw what its 
author describes as a "fundamental con- 
clusion", namely that a finite resource 
has a "behaviour mode", namely "an 
initial period of unrestricted growth in 
supply, a transition period when growth 
is slowed, and finally a decline in 


(mee 


Dennis Meadows 


The question one is bound to ask 
is whether it needs a computer pro- 
gram and sixteen print-outs to reach 
this fundamental conclusion. Of course 
a point will come when the cost of ex- 
ploration for new sources of supply 
exceeds the profits likely to be got from 
selling the product. Of course, if the 
price is not pegged, the cost may rise 
so high that consumption falls. But do 
these simple relationships need to be 
displayed as the unexpected disclosures 
of systems analysis? This is the ques- 
tion one asks in practically every essay 
in the book. It is common knowledge 
that DDT persists in the environment 
and that much of it is being transferred 
from land to the oceans. Therefore it 
does not need the sophisticated analysis 
in this book to reach the conclusion (on 
page 74) that there will be a lag between 
the curve of "declining usage-rate of 
DDT and declining levels of DDT in 
fish. Nor does it feed systems analysis 
to persuade anyoné that if thé price of a 
natural resource ìs gegulated this may 
affect investment in exploration for 
more of the natural resources (page 
239). On page 199 there is a discussion 


on the effects on waste-generation of 
reducing the amount of raw material 
per product. If this makes the product 
cheaper and if the market is not satu- 
rated, the effect may well be an in- 
crease in the amount of waste-genera- 
tion because more people buy the 
product. This is an interesting observa- 
tion, and it is not made more credible 
by titivating it in a computer; but this 
is described by the authors (on page 
200) as the “kind of behaviour that 
is in fact the raison d’étre for the system 
dynamics approach”. 

In brief, it is the text of this book 
which is in places illuminating, not the 
diagrams of computer-runs. The authors 
are sincerely concerned about the con- 
flict between short-term and long-term 
goals for industrial societies. They are 
right when they say that politics are 
heavily biased toward the achievement 
of short-term goals. They are right when 
they say that a “mismatch exists be- 
tween the time span of development of 
environmental problems and the time 
horizons of institutions designed to deal 
with those problems”. One puts this 
book down with gratitude to the authors 
that they have alerted millions of people 
to something which every biology 
student knows—that in nature all 
exponential curves become sigmoid— 
and with disappointment that the 
authors have conveyed this important 
truth by a meretricious technique which 
may cause a backlash of public opinion. 

Eric ASHBY 


Mexican Sculpture 


Chalcacingo. By Carlo T. E. Gay. Pp. 
122 (24 plates). (Akademische Druck- 
und  Verlagsanstalt: Graz, 1971.) 
óS 700. 


To anyone who has studied the numerous 
small carvings of jade, serpentine, and 
other hard stones that have been dis- 
covered through the years in Guerrero, 
Mexico, the existence of a vital art tradi- 
tion has been obvious. While many of 
these are clearly Mezcala in style, others 
have etjually well defined characteristics 
.of that more generalised style called 
Olmec. Figures, animals, small masks, 
ear plugs, "pectorals", pendants, or 
other more abstract shapes, commonly 




















































sess those qualities of stro 
^ and careful. craftsmanship typical ofa 
"well developed and highly sensitive culs- 
= ture: ; 
Because of the great aesthetic quality 
^, of this sculpture as well as the relative 
“abundance of it in the area of the Balsas 
River, it has been difficult to believe 
that it was the "provincial" product of a 
“culture whose “heartland” was really 
“the Gulf Coast sites of San Lorenzo 
and La Venta. Such scepticism could 
only be reinforced by a visit to the carv- 
ngs cut in living rock of the Cerro de la 
Cantera at Chalcacingo in nearby 
Morelos, ^ 
-< Carlo: T. E. Gay's book on Chal- 
_cacingo is not only the first systematic 
tudy of this important ceremonial 
ntre but is also a most coercive pre- 
entation of the various pieces of evi- 
| dence suggesting that the central high- 
lands were the site of a formative, rather 
than a provincial, phase of Olmec 
development. While his arguments for 
;Such a position are based on a deductive 
analysis of what is essentially surface 
material, they-are convincing enough to 
stand until the completion of far more 
extensive and systematic excavation 
than has thus far taken place in this 








. While. some of Gay's evidence has 
een known and published before, he 
.has discovered much of it himself in 
the past few years and is publishing now 
or the first time. Fundamentally, it 
falls into three distinct parts: the rock 
carvings and altars at Chalcacingo, the 
wall paintings deep inside the Juxtla- 
huaca Cave near Colotlipa and, perhaps 
most impressive, the pictographs located 
in small niches and rock shelters in the 
Cerro adjacent to the Chalcacingo carv- 
gs. 
The:elemental quality of these picto- 
graphs, their obvious pairing and place- 
ment. within an intelligible context, and 
ieir location on the face of the Cerro 
ave little doubt of their importance 
to the ancient people of the area, Gay 
carefully. analyses each pictograph and 
attempts to compare arid relate it to 
similar signs found elsewhere in Guer- 
rero or to the palaeolithic symbols 
wn in' western Europe, Utilising 
e recise. drawings made by Frances 
he provides a more detailed des- 
on of the pictographs and their 
ganisation than can be easily deter- 
ined on the site. In fact, his book is 
indispensable guide to anyone wish- 
ing ‘to examine these incredible paint- 
ings at first hand, His dating of the 
pictographs at the middle of the second 
: millenium sc seems somewhat cautious 
in terms of the rock carvings adjacent 
to. them but, as he is well aware,*precise 
dating of the entire Chalcacingo com- 
plex will be possible only with the evi- 
dence derived from more field work. 
If the pictographs are the most fas- 








ing, the ten rock carvings, t 


i “jects of which include highly naturalistic 


representations of plant, animal and 


‘human forms, as well as. symbolic and 


obviously composite imagés, are the 
most truly amazing aspects of Chal- 
cacingo. Although they vary in scale, 
the major carvings range in height from 
about four to a maximum of nine feet, 
and the largest extends to twelve feet 
end to end. All are shallow relief carv- 
ings with the images projecting from 
the background. Again with the help 
of Miss Pratt's superb drawings, Gay 
describes each carving and analyses its 
iconographic elements in relation to 
other aspects of Olmec art. He sees 
close parallels with the Juxtlahuaca 
Cave paintings, as well as the earlier 
pictographs at Chalcacingo, and attempts 
to define the symbolic elements common 
to all of them. Their close association 
with a group of more than twenty altars 
carved in boulders and in bedrock 
adjacent to the reliefs suggests that the 
site was used for extensive propitiatory 
ceremonies. Presumably a development 
later than either the pictographs or the 
cave paintings, the carvings cannot be 
dated with any precision at present. The 
author suggests, however, that they were 
probably carved before the end of the 
second millenium Bc. 

In addition to providing the reader 
with a thorough survey of surface 
material to be seen at Chalcacingo, Dr 
Gay has made three important deduc- 
tions which merit serious consideration. 
Perhaps most significant is his sugges- 
tion that the beginnings of the Olmec 
tradition are to be found in western 
Mexico rather than on the Gulf Coast. 
Furthermore, he suggests that the basis 
of the organisation of both the picto- 
graphs at Chalcacingo and the paintings 
in the Juxtlahuaca Cave bears close 
similarities to related material in palaeo- 
lithic Europe. Without drawing a pre- 
cise conclusion from this phenomenon, 
Gay opens a line of inquiry which he 
and others may soon follow. 

His second deduction which is almost 
equally challenging is that the serpent 
rather than the jaguar was the central 
animal motif in Olmec religion and 
iconography. The composite forms of 
human and animal features so common 
to Olmec art then become the combina- 
tion of man and serpent rather than man 
and jaguar. The third deduction of im- 
portance, again drawn essentially from 
the carvings at Chalcacingo, is the pre- 
eminent position of the rain god in 
Olmec religion. The principal relief 
would certainly seem to'e a propitiatory 
image with abundant rain or water 
symbols, and angthef relief, at the very 
top, of the'Cerro, is interpreted by Gay 

“the rain deity, dwelling in the high 
uad whose magic hand extends to- 
ward the cloud’ to make rain fall on the 
fields below." 


A minor omission, which m 
felt by someone using the be 


. guide to Chalcacingo, can be me: 


One of the most impressive ai 
vocative experiences to be ha 
visitor to: Chalcacingo is to arriv 
site late on a summer morning. 
before noon the Sun moves into 
tion that casts a perfect rakir 
across the principal carving, 1 
course, brings out all the fine de 
the carving comes alive as the a 
ing work of art itis. As the timc 
and the Sun moves, it illuminate 
reliefs in turn, giving each of 
clarity of definition not seen otl 
While the author has noted th 
nomenon in a previous article oi 
cacingo, mention of it might we 
been included here. 

If there is any major short 
of Gay's book, it is that common 
first study; it seems to raise mor 
tions than it answers. In the 1 
Middle American archaeology ai 
ticularly in the area of Olmec 
this may at this time be mor 
virtue than a failing. Theorie 
been built on too little evidence : 
little looking. Carlo Gay has 
much, thought a lot, and tried t 
insight to an area where little is 

MERRILL C, RUE 


Indian Science 


A Concise History of Science in 
Edited by D. M. Bose, S. N. Se 
B. V, Subbarayappa. Pp. xvii 
(Indian Nationale Science Aca 
New Delhi, 1972.) Rs.50; £6; $16. 


Trus substantial work, a full two 
thick in its hard-back covers, is ce 
the most useful and reliable co 
dium on the history of science am 
nology in Indian culture which h 
appeared. Published for the “N: 
Commission for the Compilati 
History of Sciences in India" t 
Indian National Academy of Scie 
necessarily has a quasi-official cha 
but since it is a collective work i: 
be taken as the collaboration of 
dozen or more scholars, whose : 
naturally diverge at times in detail: 
academy is to be warmly congrat 
on the success of the enterprise 
D. M. Bose as editor-in-chief. 
Each of the two editors has 

himself responsible for one or 
chapters of the text. Thus San 
dranath Sen writes on both mathei 
and astronomy; but also contribu 
the botany of the Vedic and post- 
ages. Similarly, B. V. Subbara 
deals with alchemy and early chen 
concepts of the physical world, ar 
coming of modern science; but ad 
help:to the chapter on agriculture, 
are. joined. by R]c. Majumdar for 


cine, Min the sections on botany 


CANCER BIOCHEMISTRY-BIOPHYSICS 


Edited by Harry Darrow Brown, Cancer Research 
Center and the University of Missouri, Columbia 


An international journal devoted to the rapid pub- 
lishing of findings in biochemistry and biophysics 
significant to the knowledge of cancer. This journal 
will be of great interest to scientists, and will probably 
stimulate work by those outside cancer specialisation, 
as well as by those in the sphere of biochemical- 
.biophysical oncology. The first issue is expected to 
be published in early summer, 1974. 


i volume per year, 6 issues per volume. 








Regular subscription rates per volume post paid 
USA|Elsewhere UK 
$58.00/£25.00 — £22.75 
$19.50/ £8.50 £6.00 


Libraries] Institutions 
Individuals 


INTERNATIONAL JOURNAL OF 
GENERAL SYSTEMS 


Edited by George Y. Klir, School of Advanced Tech- 
nology and the State University of New York, 
Binghamton 

This interdisciplinary periodical publishes original 
research and educational contributions on general 
systems. To give the widest possible view of research 
and education, an editorial board with international 
representation has been formed. 


1 volume per year, 4 issues per volume. 


Regular subscription rates per volume post paid 
USA/Elsewhere TK 
$48.00/£20.00 £18.50 
$14.50/ £6.00 — £5.50 


Libraries] Institutions 
Individuals 


COMMUNICATION 
Edited by Lee Thayer 


A journal devoted to new conceptual, theoretical and 
philosophical approaches to the role and consequences 
of communication in human affairs. 


1 volume per year, 2 issues per volume 


Regular subscription rates per volume post paid 


USA/Elsewhere UK 
Libraries] Institutions $24,00/£10.00 £8.50 
Individuals $12.00/ £5.00 £53.50 


ORDER FORM to: Gordon and Breach Science Publishers Ltd, 41/42 William fV Street, London wez 
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LINEAR AND MULTILINEAR ALGEBRA | E 
Edited by Marvin Marcus and Robert C. Thompson, — 
University of California, Santa Barbara, California 


Research papers, survey articles, research problems; 
and book reviews in linear and multilinear algebra and 
certain cognate areas, are among the contents of this 
international journal. 

1 volume per year, 4 issues per volume 


Regular subscription rates per volume post paid 


































USA|Elsewhere UK 
Labraries/ Institutions $49,50/£21.50.. £19.00 
Individuals $17.50/ £7.75 £5.50 — 
STOCHASTICS I 


Edited by R. S. Bucy, University of Southern C. alife 
A publication concerned with the theory and applica 
tions of stochastic processes to problems of filtering, 
modelling, and identification, with particular emphasis 
on papers on biomedical modelling and identification, 
and realisation of optimal nonlinear filters; ‘The 
journal is of primary interest to investigators in .— 
communications, economics, guidance, and applied. 
mathematics. i s 


1 volume per year, 4 issues per volume 
Regular subscription rates per volume post paid 
USA! Elsewhere 
Libraries] Institutions $49.50/£21.50 
Individuals $17.50/ £7.75 45.50 | 


TOXICOLOGICAL AND ENVIRONMENTAL . 
CHEMISTRY REVIEWS ; 


Edited by R. W. Frei, Department of Chemistry, 
Dalhousie University, Canada, and O. Hutzinger, 
Atlantic Regional Laboratory, National Research 
Council of Canada a 


This international review journal is devoted to fünda- 
mental aspects, of analysis, metabolism and. general . 
chemistry and biochemistry of xenobiotic compounds — 
and natural toxins as related to the environment and 
human health. With contributions by experts from 
government, industry and the universities, the journal . 
will. contain comprehensive reviews in established 
fields to aid the researcher by critical presentation of 
the literature, and introductory. reviews. of new 
methods and in new areas of development to stimulate- 
research. a 


1 volume per year, 4 issues per volume eo 
Regular subscription rates per volume post paid > 

USA|Elsewhere = UK 
$49.50/£21.50 £19.00 


Labraries/ Institutions 
$17.50) £7.75 £5.50 


Individuals 


per volume. 
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$ YMPOSIUM OF THE SOCIETY FOR EXPERIMENTAL 
GY 27. 


Rate Control of Biological 
Processes 


| Edited by D. D. Davies 

$ The symposium brought together experts from a wide 
.. range of biological disciplines to consider the problems 
|... of rate control in biological systems. The papers | 

] discussed were concerned with the systems properties 

| of complex processes as well as the detailed study of the 

| individual reactions concerned, and topics ranged from 


X-ray crystallography to the physiological problems 
£8.00 net 


of control. 


: Some other recent symposia of the 
] Society for Experimental Biology: 
| 24 Control of Organelle 
Development 


] Edited by P. L. MILLER. £7.00 net 





] 25 Control Mechanisms of 
.. Growth and Differentiation 

< "Edited by.D. D. DAVIES and M. BALLS. £8.00 net 

|. 26 The Effects of Pressure on 

. Organisms 

1 . Edited by M. A. SLEIGH and A. G, MacDONALD. £8.00 net 


| Experience with Abortion 
_ A Case Study of North-East Scotland 
|. Edited by G. W. HOROBIN 

F - Abortion is an emotionally explosive subject and in 


| many parts of the world has been severely restricted 


by law. This study describes the total abortion 
| experience in a relatively homogeneous and static 
. population where pregnancies have been terminated 
_ for many years. It will add considerably to our 
|. inadequate knowledge in the ill-documented field of 
|| abortion policy and practice. 
PERI £7.00 net 


: To be published in December 

. Handbook of Phycological 
-~ Methods 

_ Edited by JANET STEIN 


This volume, which is sponsored by the Phycological 
«Society of America, presents a compendium of 


|. techniques for culturing and measuring growth of 


those organisms collectively termed algae. The scope * 
. of the work is extensive, including special culture 


_ techniques, growth measurements, isolation an 


c purification, equipmenteand methods. gd Dg 
m ; * : £8.00 net 


* 





THE BRITISH SOCIETY FOR DEVELOPMENTAL 


BIOLOGY SYMPOSIUM 





The Cell Cycle in 
Development and 


Differentiation 
Edited by M. BALLS and F. S. BILLETT 


The symposium held in July 1972 by the British 
Society for Developmental Biology, at Bristol, was 
concerned with the importance of the cell life cycle, 
and its phases, in the attempt to understand 
development and cell differentiation in animals and 
plants. "The result is a volume for research workers in 
developmental biology, cell biology, embryology, 
cancer studies, plant physiology, animal physiology and 
protozoology. 

£11.00 net 


SYMPOSIA OF THE SOCIETY FOR GENERAL 
MICROBIOLOGY 23 


Microbial Differentiation 
Edited by J. M. ASHWORTH and J. E. SMITH 
À comprehensive examination. of development in a wide 
array of microorganisms, from the very simple to the 
complex. Graduate students and research workers in 
universities, institutes and industry concerned with 
microorganisms will find this account ap interesting 
and stimulating assessment of the present state of 
knowledge. 

£7.00 net 


Some other books in this series: 


20 Organization and Control 
in Prokaryotic and Eukaryotic 
Cells 


Edited by H. P. CHARLES and B. C. J. G. KNIGHT. 
£5.00 net 


21 Microbes and Biological 


Productivity 
Edited by D. E, HUGHES and A. H. ROSE. £5,00 net 


22 Microbial Pathogenicity in 


Man and Animals 
Edited by H. SMITH and J. PEARCE. £6.20 net 


Phloem Translocation 
M. J. CANNY 


The study of the transport of food substances in plants 
has revealed a situation of unexpected complexity and 
difficulty. Lively controversies surround Most of the 
basic questions such as the nature and contents of the 
* cells responsible, and the kind of forces acting to drive 
e the transport. The author gives an informative and 
often. provocative account of the well-established: facts 
* *and experimehtal results and interprets them in the 
light of his own theory of the mechagism. _ 
iA GE ; NES T £7.50 net 
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logy and agriculture are the work of 
groups led by K. A. Chowdhury, J. L. 
Bhaduri and S. P. Raychaudhuri respec- 
tively. Broadly speaking, the work 
concentrates, quite reasonably, on the 
Sanskrit and Tamil literatures and tradi- 
tions, but the Arabic and Persian influ- 
ences are not neglected, for M. Z. Siddiqi 
writes on the Unani-Tibb medical sys- 
tem (Hellenistic-Arabic), and K. A. 
Chowdhury on the mediaeval botany 
of Urdu culture, 

The general structure of the work is 
as follows. It opens with a chapter 
entitled "Survey of Source Materials" 
by S. N. Sen, a contribution of capital 
importance, since the history of science 
and technology in India has long been 
bedevilled by the great difficulty of 
dating ancient and mediaeval texts. Even 
now they can often only be fixed to 
within a century or so, but some pro- 
gress in this fundamental philological 
endeavour has been made, and the 
introduction seems fully objective, 
giving adequate warning of differences 
of opinion where they exist. Armed 
with this yardstick the reader can fear- 
lessly follow the succeeding eight chap- 
ters which deal with the sciences and 
technologies topic by topic. At the 
end comes a résumé chapter, by B. V. 
Subbarayappa; this is nearly fifty pages 
long, including a chronological table, 
and summarizes the results of the pre- 
vious 567 pages. 

A research tool of this magnitude has 
to be judged in part by its apparatus, and 
the present volume measures up to that 
ideal quite well. There are tables of 
standard abbreviatiofs for journal refer- 
ences quoted, and, more interestingly, 
for the titles of the original primary 
sources in Sanskrit, Tamil, Arabic and 
Persian. A good bibliography of these 
follows, with indications of translations 
into Western languages if any such 
exist. Here it would have been rather 
helpful to have given a brief dating in 
each case, or at least a cross-reference 
to the page in the introductory chapter 
where that dating is discussed. After 
this comes the bibliography of secondary 
sources, sufficient up to a point, but with 
some curious deficiencies; for example, 
(a) one would have expected more than 
just a single reference to the outstand- 
ing work of David Pingree on Indian 
astronomy, (b) the name of Abdul 
Rahman does not appear at all, though 
one might well have expected to find him 
among the collaborators for the Arabic— 
Persian sector, (c) S. Mahdihassan, 
repetitive but occasionally inspired, is 
omitted from the bibliography, and (d) 
apart from Mikami Yoshio’s old work 
on East Asian mathematics there seems 
to have been no use of modern Japanese 
studies of Indian science such as tlfose 
of Yano Michio. Lastly, there is an 
index of twenty-eight des had it been 
twice as long, such a fine work as this 


would have been twice as useful. Entries 
of major importance are missing, and 
an entry with but one page ought to 
have had a dozen or so. For example, 
there should have been such entries as 
follows (I add the pages since readers 
may like to note them): alloys (304, 
308), amrta (285), brass (299), bronze 
(304, 306), distillation (306, 333), ele- 
ments, five, see pancabhüta, flux (302), 
fuller's earth (337), "intentional langu- 
age" (338), stirrups (611), and so on and 
so on. 

In general, the book is highly factual, 
with abundant provision of terminology 
and nomenclature, and there is little 
speculation. When this does come in, 
it is mostly in connexion with relations 
with other cultures, with influences and 
transmissions. In mathematics and 
astronomy the questions of interchange 
with the Hellenistic world and China 
are naturally prominent; in alchemy 
Chinese and Arabic culture are to the 
fore, and here the interesting suggestion 
is made (page 589) that the introduction 
of salt by Paracelsus into his tria prima 
could perhaps have been influenced in- 
directly by the earlier salt-based muppu 
alchemy of Tamilnadu, one exponent 
of which, Ramadevar, is known to have 
visited the Arabic culture area and 
taught the doctrine there. But on the 
whole this notable handbook will be 
used primarily for its factual content, 
and though it does not replace earlier 
guides such as the valued work of Renou 
and Filliozat, it is wholly devoted to 
science as theirs was not, and it will 
be an indispensable addition to the 
armamentarium of all scholars interested 
in this noble subject. 

JOSEPH NEEDHAM 





Pedigrees of Words 


Pedigree: Essays on the Etymology of 
Words from Nature. (The New 
Naturalist.) By Stephen Potter and 
Laurens Sargent. Pp. 322. (Collins: 
London, September 1973.) £3.25. 


JUSTIFIABLY, the Oxford English Dic- 
tionary (OED) usually stops when it 
has traced a word to a source or root in 
one of the innumerable languages that 
we have raided in constructing our 
language. At that point the lexico- 
grapher feels that his job has been done. 
The OED sometimes unbends a little 
and, in small type, discusses the source. 
Potter and Sargent excel in this supple- 
mentary role. They concentrate on 
biological words; especially on the 
names of birds. For about half the 
words they do not add anything to what 
is in the OED. But they present the 
material in a handy form, and add 
colour and many anecdotes. Both 
sources agree, for example, that pedigree 
comes from pied de grue, because a 
crane's foot resembles a mark used in 
genealogical tables; that grow, green 
and grass have a common origin; that 
groundsel has an intrusive r and was 
originally gund (=pus) swallower; and 
that "to curry favour" was originally 
"to curry favel"—Favel was the name 
of an imposing horse in a fourteenth 
century French story. 

Going beyond the OED, they relate 
hybrid with hubris: the combination 
"hybrid vigour” is therefore tauto- 
logical. They derive elephant from its 
Sanskrit name ibha and the Semitic 
article el. They derive dupe from the 
French for a hoopoe—a supposedly 
stupid bird, so. that anyone behaving in 
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by the astronomer Edmund Halley in 1720. Divers received a 


from the surface. From 


the chapter on the early history of diving by Robert E. Marx in Oceanography, edited by 
R. Gordon Pirie (Oxford University: London, New York and Toronto, July 1973; 


boards £5.25; paper covers £2.70). . 





so very interesting derivation is os==face, 

hence: oscillum= 

of Bacchus, hung ín vineyards as scare 
scrows, oscillated. 

. For’ all: their’ erudition, they admit 
` defeat over a few words, for example 
drake; they say little about some others, 
and omit a few. interesting ones alto- 
gether... Thus ladybird gets three lines 
-you could fill twice that space with 
aliases. Why did that insect excite 
$ inventive faculties so greatly? 
lostoc is not mentioned. According 
the Authorised Version the Israelites 
id, “It is manna": for they wist not 
that it was", A marginal note says 
m manna-Hebrew man hu=what is 

' Paracelsus probably turned that into 
Melt. and. contracted (as was his 
habit) getting noste hoc and so nostoc, 
for he thought that was what they ate. 
'Potter and Sargent follow the OED into 
error in deriving Jerusalem artichoke 
_ from girasole, Salaman argued that 
the etymon was the Netherlands 
town Ter Neusen. They comment on 
"the layman's preoccupation with hares 
jn naming plants, but not on the systema- 
“<> tist’s preoccupation with wolves: for 
instance, lycopodium=wolf’s foot, 
-= lycoperdon=wolf’s fart, and  lyco- 
= persicum=Persian wolf. Why is the 
-Jast a suitable name for the tomato? 
> As well as discussing derivations, they 
- discuss linguistic trends. Transposition, 
« or metathesis, is common in all tangu- 
ages. In English, bridd became bird, 
‘hundert hundred and wops wasp. This 
appened to carmine (from the kermes 
sect) when it became crimson while 
passing through the "Near East. The 
original root fer=to rub is still there in 
termite and teredo, but metathesised 
into trypsin and trypanosome. They 
comment on the tendency of early forms 
of language to stress the actions rather 
than the appearance of animals, and to 
‘use names to relate organisms on the 
basis of rather slender resemblances, 
whereas we use names divisively. On 
€ basis of the first trend they comment 
von the paucity of names for colours in 
‘Greek, and say that Phryne was so called 
ecause of her golden-brown skin. Now- 
days, most whores would resent being 
led toad regardless of their colouring. 
re is a real difficulty here. The 
Greeks painted their statues, and that 
group of our contemporaries, which we 
arrogantly call primitive, often have an 
_ enthusiasm for colour that surpasses our 
| own. Perhaps initially yoy just use 
colou? and do not waste time talking 
. about it. 

i Although they comment on some 

d interesting inconsistencies in the Q,USe of 
plurals they do not mention beans, oats 
1 These. are consistently* 
il, presumably because they 
appeared on the table as ‘individual 
pieces, like turnips and petatoes, unlike 
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from such cereals a 


both singular and plural. Apropos of 
horse: the sudden replacement of equus 
by caballus is an old puzzle. A philo- 
logical wit suggested that the new word 
was part of an erotic joke, few things 
spread through a community so fast. 
The suggestion here is that caballus, the 
root of most horse-words in Romance 
languages, has a Celtic origin. 

It is clear from this excellent book 
that spelling used to be fluid but meaning 
fairly rigid. Artistry put the intrusive b 
into limb and thumb, and pseudo- 
classicism the h into ailanthus, the p 
into ptarmigan and the ridiculous ph 
into sulfur. Since Dr Johnson, at 
whom fun is from time to time poked, 
spelling has been rigid and meaning 
fluid. Misuse is so common that a 
careful writer must avoid many words. 
Americans have invented new meanings 
for careen and watershed. On both 
sides of the Atlantic enormity and 
vicarious are losing their meaning. So 
long as it is spelt with z, if that is the 
“house style", modern editors allow 
visualise to mean "to make visible". 
We should heed T. S. Eliot's warning: 


Words strain, 
Crack and sometimes break, under the 
burden, 
Under the tension, slip, slide, perish, 
Decay with imprecision, will not stay in 
place, 
Will not stay still. 
N. W. PiRIE 


No Faith in Figures 


The Numbers Game: The Bland 
Totalitarianism. By Harry Hopkins. 
Pp. 310. (Secker and Warburg: 


London, March 1973. £2.80. 


THIS is a view-with-alarm book. The 
"numbers game" so viewed consists 
essentially of doing one or more of the 
following misdeeds: counting or 
measuring things that should not be 
quantified; doing so most inaccurately; 
trumpeting, or brooding over, or acting 
upon those figures to a degree un- 
warranted by their worth. Here is the 
world our author views. 

The stock market plunges on 
announcement of a preliminary esti- 
mate of a balance-of-trade figure. Such 
is the power of a number carried to 
two decimal places that no one stops to 
ask how precise such an estimate can 
be, or what produced the change from 
the preceding period, or even just what 
the quantity pane measured represents 
anyway. e 

Or a teacher dcs ‘on the evidence of 
a single magic nurfiber—because* no 
verbal descriptjon of a child, or sub- 
jective knowledge | from personal 
acquaintance, has the hypnotic quality 
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8 Wheat. They. 
;comment on the old double plural kine; 
for the i (originally y) has already made ` 
‘cow plural, and on the use of horse in 







record.. ee : 

Through sapling. methods; every 
hour of every major American television 
programme is ."Hooperated". This - 
guarantees that if detectives and horror 
figures are popular at the moment, there 
will shortly be nothing else on the air. 

Scientific method falls upon British 

Rail, Measurement and calculation 
reveal that one third of the route mile- 
age is carrying a mere 1% of the traffic 
and inevitably doing so at a loss. The 
all-too-obvious sequel threatens the 
comfort, convenience, and possibly the 
livelihoods of no negligible number of 
persons, because even 1% of passenger 
journeys is 9,384,330 journeys. 
,And what of the magical GNP? A 
drop, not in the gross national product 
but merely in the rate of its growth as 
measured by a mysterious index, is 
enough to precipitate financial panic. 
Yet the GNP figure is so incomplete that 
it can show a drop when there has in 
fact been a rise in true production. 
(if I pay a tilesetter $100 to improve 
my bathroom, that amount finds its way 
into the GNP. But if I tile the room 
myself, adding equally to what has 
really been produced, not a cent is 
added to the index. The tile might as 
well lie unused in the box.) 

In pointing out these abuses, Mr 
Hopkins is on the soundest of ground. 
We do talk too much in numbers. We 
do use figures that are more or less 
irrelevant or badly put together. But 
not all the abuses our author parades 
for us really have to do with numbers. 
It may well be thaf substitution of blood 
purchase in America for a former sys- 
tem of reliance upon charitable-minded 
(and healthy) donors has increased the 
prevalence of hepatitis among trans- 
fused patients. But it is stretching terms 
a bit to call commercialization, however 
deplorable, a numbers game. 

Since Mr Hopkins is not entirely pre- 
pared to abandon index numbers and 
sampling studies and censuses (he does 
not hesitate to use them in pursuit of 
his own ends here) and the other methods 
in which he finds abuses, we should 
like him to tell us where to draw lines. 
Which numbers should we abandon? 
How can we persuade»publicists to stop 
shouting at us the figures that favour 
their particular causes? How are we 
to keep casual readers from taking at 
face value headlined numbers that do 
not, in fact, mean much of anything? 

Mr Hopkins does not give us. much 
help at this point, though he does sug- 
gest that a little scheolroom practice by 
children in. manipulating statistics might 
meet their need to be “inoculated 
against numerical sneuroses as well as 
aginst: smallpox. and diphtheria”: to 
which almost anyone, particularly after ^ 
reading The Nupibers Game, would say 
amen. DARRELL HUFF 
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Atomic Politics 
Nuclear Politics. By Andrew J. Pierre. 
Pp. xiiit+378. (Oxford University: 
London and New York, 1972.) £5.50. 


Tuts book is most useful and perceptive. 
Before very long, the next stage of 
Britain’s nuclear weaponry will have to 
be decided. This is a subject which is 
inseparable from its history, yet that 
history lies in the twilight, “con- 
temporary” zone of the last thirty years 
which is especially obscure to young, 
even middle-aged, adults of today. The 
possession of a nuclear weapons system 
by Britain, a rather small country and 
a low economic performer, seems a 
curious aberration. How did it come 
about? ‘Who can now remember what 
exactly Blue Streak or Skybolt Was *or 
what happened at Nassau, or what the 
initials ANF or MLF mean? (For those 
who do forget they stand for Atlantic 
Nuclear Force and Multilateral Nuclear 
Force; when the former torpedoed the 
latter, it was said to be the first case in 
history when a non-existent fleet sank 
another non-existent fleet) In the 
absence of serious histories of the 
whole business, putting all the stages in 
perspective with one another, popular 
conceptions and official policy making 
alike tend to be based on myth. 

There are of course great difficulties 
in writing histories of such events 
without access to the official documents, 
which are not yet openly available. 
Interviews with leading figures can be 
more misleading than helpful unless 
personal testimony can be checked 
against the recorde Nevertheless, in 
periods where there is much public 
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Chinese potter of 1937 wusing of the 
dangerous diseases carried by flies, in 


Flies and Disease (Vol 2), by Bernard 
Greenberg (Princeto! University: 
Princeton, August 1973, $18.00). 


Mme 


z TOR "ne JG'ERBGIUETT ae NI 





“TEP 


debate and controversy on a subject, a 
knowledgeable and conscientious his- 
torian can probably get near the truth. 
Thus Dr Pierre’s part three, “The Great 
Nuclear Debate 1957-64", is particu- 
larly good in narrative and analysis. 
This part together with his fifth part— 
Conclusions—make the book valuable. 
The first part, “The Wartime Genesis", 
is largely a summary of official history. 
Part four, "The Dénouement 1964-70", 
and part two, "Towards the 'Indepen- 
dent Nuclear Deterrent' 1945-57", are 
less satisfactory because there was much 
less public controversy. 

Atomic policy in the early postwar 
years was shrouded in especially intense 
secrecy, and Pierre is therefore inevit- 
ably circumscribed in his sources. The 
Government has just authorized the 
publication of the second instalment of 
my official history of the British atomic 
project for the period 1945-1952, and I 
am convinced that the subsequent his- 
tory of Britain's nuclear policy cannot 
be fully understood without a clear pic- 
ture of this formative period; in it 
atomic decision making was most con- 
fused, yet the scientific and techno- 
logical execution of the project was 
excellent in terms of performance and 
cost. (Pierre's figures for the cost of 
Harwell on page 121 are 1,000 times 
too high. The independent deterrent 
was embodied in British policy earlier 
than Pierre suggests, although the advent 
of the hydrogen bomb defined the 
policy more sharply in the mid 1950s. 
Above all, this period was marked by 
harrowing, unsuccessful negotiations 
with the United States. Even though in 
the mid and late 1950s the Americans 
restored generous atomic collaboration, 
these early postwar years left their 
trauma. Resolve to maintain indepen- 
dent nuclear weapons had become a 
matter not only of prestige and status 
but of basic self respect. So the mistrust 
of the United States which Pierre 
emphasizes had become deeply rooted. 
Pierre quotes R. H. S. Crossman as 
saying in 1958 “the right to distrust the 
Americans cannot remain a British 
monopoly", but no other country had 
had such unhappy experiences. The 
Anglo-American negotiations of this 
period, moreover, prevented any col- 
laboration with Europe, including 
France, even though the British would 
have done no wartime work on nuclear 
reactors if French scientists had not 
come over with the world stock of heavy 
water in 1940. The French did not 
forget their treatment in the early post- 
war years. Nfiélear collaboration with 
Commonwealth countries, other than 
Canada, was alsb ryled out. (Pierre 
leaves out this* connexion almost 
entirely.) 

Nevertheless, Pierre’ s general feel for 
the motivations of British policy and 
for its dilemmas is fair and shrewd, 
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sympathetic as well as critical; he is 
conscious of the need to keep options 
open “in a highly unpredictable world”. 
Pierre brings the scientists only into the 
wartime story, although he lists their 
interests, pressures and perspectives 
among those which shaped the British 
nuclear force. (He does not add engin- 
eers to this list.) Yet he is conscious 
that if the British scientists in 1940 
(including the refugees) had not seen, 
more clearly than those in any other 
country, the feasibility of the atomic 
bomb, the whole story of British 
nuclear weapons might have been very 
different. MARGARET GOWING 


Rivett and the CSIR 


David Rivett: Fighter for Australian 


Science. By Rohan Rivett. Pp. xii+ 
225+23 photographs. (Dominion: 
North Blackburn, Victoria, 1973.) 
$5.95. 


BIOGRAPHY is always most difficult to 
write: even more so when, as in this 
case, the author is a son, concerned not 
with exposing intimate relationships, 
that is the familial and social life-blood 
of the human being, but with presenting 
an “objective” description of the main 
events of a famous father’s life. As an 
introduction to a remarkable personal- 
ity, this book will serve. I await with 
pleasure Marjory O'Dea's "poetic" life 
of David Rivett. 

This book is more interesting as an 
example of the development of first 
generation science policy. The story is 
familiar: it is typical of the way in 
which science came to be used by the 
state in all industrialized countries 
between the two world wars. 

First, the politician is made aware 
that science can help to develop the 
country’s natural resources, and thereby 
improve productivity and raise living 
standards. Second, he seeks out a 
scientist to put in charge of a body 
responsible for harnessing science in the 
nation’s interest. Third, funding is 
minimal, Fourth, suspicions about the 
new body are everywhere—from scien- 
tist to local politician. Fifth, socially 
and politically a stage is reached 
finally at which the pioneers can no 
longer cope with the qualitative changes. 
It is time for the next generation of 
science policy, and for the fading out, 
with suitable honours, of the pro- 
genitors. 

Australian Prime Minister S. M. 
Bruce was fortunate in his chaice of 
chemist David Rivett, outstanding son 
of an outstanding, forthright Protestant 
minister, as chief executive officer, and 
in harnessing him with successful 
engineer, Sir George Julius, as chair- 
man of the,new body. Of course, the 
new body was particularly fortunate in 
having a Prime Minjster interested in 
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its development; else, in the sparse atmo- 
sphere of 1926 when the Commonwealth 
Council for Scientific and Industrial 
Research (CSIR) was born, it would not 
have survived. 

Rivett was a puritan, fanatical, single- 
minded. Without him, there would 
have been no highly successful CSIR. 
He did not spare himself. In the days 
before air travel was a commonplace, 
he spent scores of uncomfortable days 
in trains getting to know local condi- 
tions and people. His family life was 
minimal; yet. there was an essential 
solidity and sincerity of affection with 
his wife and children without which he 
could not have survived. 

What were his achievements? With- 
out doubt, to have created an atmo- 
sphere and an organization in which 
science in the service of the nation— 
and funded by Federal Government— 
could take roots. He preferred 
Australians with experience abroad, to 
whom he gave complete support in their 
research—at the expense of a comfort- 
able HQ office. This high regard for 
the man at the bench, and his lesser 
attitude to the administrator, never 
changed. It was well expressed in his 
briefing to a plant pathologist, B. T. 
Dickson, who agreed to leave McGill 
University in 1927 to become CSIR's 
chief mycologist and second chief of a 
division. He explained there was an 
abundance of problems and practically 
no organization. “This Council has 
been in existence for only a year and 
to a very great extent its plans have yet 
to be made. But briefly the object at 
which we are aiming is to get together 
a band of enthusiastic leaders in different 
branches of science (chiefly those asso- 
ciated with the primary industries) and 
to afford them every opportunity for 
initiating and developing organizations 
for attack upon national problems." 

The Second World War made it urgent 
to concentrate scientific effort in the 
secondary industrial field, to concentrate 
on specific problems. Rivett aided in 
this, of course. But he felt that CSIR— 
as he wrote in 1946—was turning "into 
a mob of testers for industry and I hate 
it" He did not want to handle the 
routine everyday problems of industry. 
He was not against the building up of 
secondary industries, but he believed 
passionately that only through basic 
research would come real strength. 

He succeeded Julius as chairman of 
CSIR, but the postwar “cold war" years 
with the emphasis on security made him 
unhappy. He did not actept that 
secrecy and integrity in science could 
flourish together, and he resigned in 
1949 when the CSIR was placed under 
the public service, at a time when charges 
of being weak on security and of allow- 
ing Communists to work pn security 
projects were made and debated in the 
House of Represeptatives. - . 


When W. L. Morrison, the Minister 
for Science, dissolved the Advisory Com- 
mittee on Science and Technology last 
February, he insisted that science and 
technology were no longer polarized, 
and that there should be no rigid divi- 
sions between the natural and the social 
sciences. He was announcing—although 
he may not have understood he was—a 
new generation of science policy, which 
would have been impossible without 
the sound foundations laid by David 
Rivett. MAURICE GOLDSMITH 


Leibniz 
Leibniz and Dynamics: The Texts of 
1692. By Pierre Costabel. Translated 
by Dr R. E. W. Maddison. Pp. 141. 
(Hermann: Paris; Methuen: London; 
Cornell University Press: New York ; 
1973.) £3. 


IN 1960 Pierre Costabel published two 
previously unknown texts by Leibniz on 
mechanics, adding a commentary and 
an account of their origin amounting in 
all to a short book. The subject of the 
present review is a recent translation of 
this work into English. The first of the 
Leibniz texts, the "Essay de Dyna- 
mique”, has been provided with a trans- 
lation; the second, entitled “Régle 
générale de la Composition des mouve- 
ments", is given, for no clear reason, 
only in the original French. 

Costabel’s work comes struggling 
towards the reader through a transla- 
tion of very poor quality, in which 
infelicities of style and vocabulary 
abound, and downright mistakes are not 
infrequent. We hear of being “unaware 
a complexity", of something's being 
unescapable, of a battle's being waged, 
of an "amazing perpetual secretary", of 
someone "urged by the collector's 
passion", Someone's doubts are “raised” 
when what is meant is that they are 
assuaged ; the English version of Defini- 
tion 1 of the Essay on Dynamics does 
not make sense (though fortunately in 
this case one has the perfectly clear 
French version on the facing page). 
This sort of thing tends to sap one's 
confidence—one begins to wonder just 
how much of what one is reading is 
actually due to the author ; or for that 
matter, to the translator, for stretches of 
the book are so clumsy that one suspects 
that some unnamed non-English editor 
must be partially responsible for the 
outcome. 

The central theme is the controversy 
between Leibniz, on the one hand, and 
the Cartesian scientists of the Paris 
Academy of Sciences orf fhe other, con- 
cerning the nature of the principles of 
conservation to be ufed in mechanics. 
Chapter 1,° rather pfetentiously called 
“From the History of a Discovery to&he 
Discovery of History”, introduces this 
controversy as background to the two 
texts, and tells of their discovery and 
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the identification of their copyist. One 
of the difficulties I had with the book is 
to do with the fact that the exact nature 
of the debate is rather slow to emerge. 
The Cartesians believe in the conserva- 
tion of “force”, measured as “quantity 
of motion”; and as the latter is the 
product of mass and velocity it seems 
that they are asserting, and Leibniz 
denying, a principle of conservation of 
momentum. But one discovers (and 
this is, I feel, the sort of thing which 
a good exposition would make clear 
much earlier) that it is Leibniz who is 
asserting this principle, since it turns 
out that the Cartesians regard “velocity” 
as scalar, whereas Leibniz takes it to be 
a vector. Again, I can’t help thinking 
that everything would be much more 
re&dily comprehensible to the modern 
reader if "energy" had been used for 
"force" in most contexts throughout the 
book. 

Problems of comprehension held me 
up many times during the reading of 
this book. They may be the product 
of the author's far greater familiarity 
with the subject matter, but they are 
nevertheless a defect. I do not think 
that the interested layman is going to 
enjoy Leibniz and Dynamics very much. 
Still less, at £3, is he going to wish to 
buy it. The professional historian of 
physics will be grateful to Fr. Costabel 
for the discovery and publication of the 
manuscripts. But he may well feel 
that the task of unmistakably charting 
the course of the controversy to which 
they contribute is one that remains to 
be done. E. J. CRAIG 


Tortured Tree 








One of the rare Torjuosa beeches, whose 
malformations may have been caused 
by radioactivity from meteors, is illus- 


trated in The In tional Book of Trees 
by Hugh Johnn a4 London, 
October 1973, £9.95). 
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Forthcoming Oxford Books 





The Quantum 


Theory of Light 
R. Loudon 


This book provides an account of the theory required for 
an understanding of the properties of light and its inter- 
action with atoms, a subject that has increased in 1m- 
portance with the invention of the laser 1t begins with an 
account of the semiclassical theory of the 1nteraction of 
radiation with atoms Later chapters deal with the 
quantization of the radiation field and describe its 
application to the active research fields of photon 
statistics, the theory of the laser, scattering of light, and 
non-linear optics £7 50 


The Many-Body 


Problem 
W. E. Parry 


The techniques used ın the study of the many-body pro- 
blem are here introduced Diagrammatic perturbation 
theory, the equation of motion method, pair-wave ap- 
proximations, and the theory of linear response with 1ts 
application to transport theory, are the basic techniques 
described Different formulations of the techniques, and 
their interrelations, are discussed, and examples are 
taken mostly from the theory of solid and liquid states. 
£6 25 Oxford Studies in Physics 


Strong Solids 
A. Kelly 


This completely revised edition takes account of the tre- 
mendous increase in activity in the field of strong 
materials since the first edition appeared The book deals 
with the physical principles governing the production of a 
strong solid The possible strength of a material can be 
deduced from a knowledge of chemical binding forces 
The effects of 1mperfections on strength are dealt with 
and the ways available to reduce their effects are explained 
succinctly and accurately for polymers, metals, ceramics, 
and composite materials Second edition £7 Monographs 
on the Physics and Chemisti y of Materials 


The Families of 


Flowering Plants 
arranged according to a new 
system based on their probable 


phylogeny 
J. Hutchinson 


In this new edition the parts on the Monocotyledons and 
Dicotyledons are brought together ın a single volume, byt, 
no drastic changes 1n the evolutionary sequences have 
been made The family Lythraceae has been placed in a 
better position, sixty-seven new drawings and some new 
maps replace older enes and illustrate small families now 
generally recognized, and notes ‘on the nfain orders, 
additional keys, and quscellaneous notes for the assist- 
ance of students have ben added Third edition £19 50 


Physical Pharmaceutics 
E. Shotton and K. Ridgway 


This 1s a textbook covering the physico-chemical aspects 
of pharmaceutics as studied ın the first two years of a 
degree course It attempts to associate the basic physico- 
chemical principles of the subject with those unit opera- 
tions which are of importance in the preparation and 
manufacture of pharmaceutical products The bto- 
availability of drugs 1s also considered SI Units are 
used throughout £15 paper covers £5 75 


Nuclear Magnetic 
Resonance (N.M.R.) 


in Biochemistry 
Applications to Enzyme Systems 
Raymond A. Dwek 


How far can one use n mr to determine the complete 
three-dimensional structure of an enzyme 1n solution? 
Cannmr studies help to identify the functional groups 
involved ın catalysis, the nature of the transition state, 
and the role of metal 10ns and co-factors? This book 
attempts to answer these and related questions, and dis- 
cusses the 1nformation that different types of magnetic 
resonance measurements can give £8 Monographs in 
Physical Biochemisti y 


The Chemical Kinetics 


of Enzyme Action 
Keith J. Laidler and 
Peter S. Bunting 


The object of this book 1s to give a general account of the 
field of enzyme kinetics, with the interests of both bio- 
chemists and physical chemists in mind Emphasis has 
been placed on general principles rather than on the 
detailed treatment of individual enzyme systems In this 
entirely rewritten new edition several new topics — such as 
isotope effects, sigmoid kinetics, and solid-supported 
enzymes — have been introduced, and the treatment of 
such topics as inhibition, pH effects, transient-phase 
kinetics, and enzyme inactivation, has been brought up to 
date Second edition £13 


Partially Ordered 
Topological Vector 


Spaces 
Yau-Chuen Wong‘and Kung-Fu Ng 


This 1s an account of the quality of partially ordered 
topological vector spaces In particular, the two most 
satisfactory aspects of the theory, namely partially 
ordered Banach spaces and locally convex Riesz spaces 
are treated 1n detaif Some material based on the authors’ 
own research appears for the, fitst time in book form £8 
Oxford Mathematical Monogi aphs 





BIOLOGICAL OSCILLATORS: 
THEIR MATHEMATICAL ANALYSIS 
by THEODOSIOS PAVLIDIS 


Biological oscillators seem to be present in many living 
systems, and their study requires analytical rather than 
descriptive techniques, however, they present special 
problems that are not shared by oscillators in technological 
applications This book studies some of these special 
features of biological oscillators and the mathematical 
techniques required for their analysis — Topics discussed 
include phase shifts and phase response curves , entrain- 
ment by external inputs , effects of changing environment 
on the dynamics of such oscillators, and populations of 
interacting oscillators 

1973, 224 pp , $19 00 


SEROLOGICAL 
EPIDEMIOLOGY 


edited by the late JOHN R PAUL 
and COLIN WHITE 


One of the important sources of 
information concerning infectious 
diseases, and also certain chronic 
diseases, is the 1mmunological and 
biochemical data obtained by the 
study of serum This timely book 
offers information on specific 
methods of collecting such data 
from population groups It begins 
with a historical account of the use 
of serum surveys, analyzes the objectives and scope of such 
surveys, defines statistical methods used, and discusses 
serological techniques The book then proceeds to the uses 
of serum surveys in such diseases as measles, rubella, 
infectious mononucleosis, hepatitis, arbovirus infections, 
and a host of others 

1973, 230 pp, $16 00 


ANALYTICAL METHODS FOR 
PESTICIDES AND PLANT 
GROWTH REGULATORS 


edited by GUNTER ZWEIG 

Volume 7: 

THIN-LAYER AND LIQUID CHROMATOGRAPHY 
AND ANALYSES OF PESTICIDES OF 
INTERNATIONAL IMPORTANCE 

by JOSEPH SHERMA and GUNTER ZWEIG 


FROM THE REVIEWS OF PUBLISHED VOLUMES 

“It 1s difficult to see how any laboratory engaged ın the 
analysis of formulations or residues of pesticides, or food 
and feed additives, can afford to be without these volumes 
They are as up-to-date as any text can be Dr Zweig 
and his contributing authors have done an excellent job in 
compiling this set of volumes on analytical methodology 
1n an important and fast-growing field and they should be 
considered as highly recommended reference works and 
working tools "—4NALYTICAL CHEMISTRY 

1973, about 625 pp , in preparation 


DEVELOPMENTAL REGULATION 
ASPECTS OF CELL DIFFERENTIATION 
edited by STUART J] COWARD 

A Volume in the CELL BIOLOGY Series 


Contents T HUMPHREYS RNA and Protein Synthesis 
during Early Animal Embryogenesis L S DURE, IH 
Developmental Regulation in Cotton Seed Embryogenesis 
eand Germination J L KEY andL N VANDERHOEF 
Plant Hormones and Developmental Regulation Role of 
Transcription and Translation J H and 
W SUE BADMAN Transitions in Differentiation by the 
Cellular Sime Molds S BRODY Metabolisms, Cell 
Walls, and Morphogenesis G KOCHERT Colofty 
Differentiation in Green Algae T L LENTZ Myo- 
genesis Differentiation of Skeletal*Muscle Fibers 
MANASEK Some Comparative Aspects of Cardiac and 
Skeletal Myogenesis R SEARLS Chondrogenesis * 
1973, in preparation 

. . 
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THE MIAMI WINTER SYMPOSIA 


Volume 5: 


PROTEIN PHOSPHORYLATION IN CONTROL 
MECHANISMS 


edited by F HUIJING and E Y C LEE 


Volume 5 m the MIAMI WINTER SYMPOSIA Seres 
provides an extensive and up-to-date review of the role of 
protein phosphorylation in the control of metabolism and 
gene expression and duplication Emphasis is on the 
protein kinases which regulate phosphorylation, including 
those activated by cyclic AMP Based on the 1973 Miami 
Winter Symposium of the University of Miami Department 
of Biochemistry, this volume covers the following aspects 
of protein phosphorylation en- 
zymological properties of cyclic 
AMP-dependent and independent 
protein kinases in various bio- 
logical systems, the role of pro- 
tein phosphorylation in the regula- 
fron, of metabolic processes, and 
phosphorylation mechanisms of 
nuclear proteins, histones, and 
protoamines and their role m 
genetic expression and replication 


1973, 336 pp , $12 50 


Volume 6: 

THE ROLE OF CYCLIC 
NUCLEOTIDES IN 
CARCINOGENESIS 

edited by J SCHULTZ 

and H G GRATZNER 

This book provides an extensive and up-to-date survey of 
the synthesis and metabolism of cyclic mononucleotides 
and their role m the growth regulation of normal and 
neoplastic cells Based on the 1973 Winter Symposium of 
the Papanicolaou Cancer Research Institute, this volume 
presents the latest research results on the role of 
adenosine-3/5^monophosphate in the cellular regulation of 
normal and neoplastic cells , the effects of cyclic AMP and 
its derivatives on cultured, normal, and tumor cells, the 
possible function of cyclic nucleotide metabolism m the 
initiation and maintenance of the differentiated state, and 
alterations of adenylate cyclase ın rts intracellular localiza- 
tion and its teraction with hormone effector molecules in 
neoplasia , and the aberrations ın the metabolism of cyclic 
nucleotides 1n human disease, including the role of cyclic 
AMP, cyclic GMP, and adenylate cyclase in psoriasis 
1973, 390 pp, $13 50 


CYTOGENETICS OF 
ANEUPLOIDS 


by GURDEV S KHUSH 


This comprehensive and integrated review of the literature 
on aneuploidy discusses basic principles and theory, cites 
experimental results, sets up a standard terminology for 
aneuploids, and reviews published work 1n all areas of the 
field The first part deals extensively with trisomics, 
including the sources of trisomics of various kinds, along 
with the cytology, transmission rates, genetics and 
morphology of trisomics The second part covers 
monosomics, nullisomics, intervarietal substitutions and 
alien additions and substitutions 

1973, in preparation 


AEROSOL TECHNOLOGY. 
IN HAZARD EVALUATION 


by THOMAS T MERCER 
A Volume in the AIHA | AEC Monograph Series 


Prepared in response to growing concern over the inhalation 
of toxic particles, this volume provides a lucid exposition of 
the techniques used to measure and produce toxic aerosols 
Fhe book compares the theoretical aspects of each 
technique with existing experimental data, and gives the 
appropriate instrumentation for its applications Among 
the techniques discussed are filtration, electrostatic pre- 
cipitation, light-scattering measurements, horizontal and 
centrifugal elutriation and spectrometsy, particle size 
distributions, *definition*an¢ measurement of respirable 
activity, and measurement of diffusivity, surface area, and 
particulate volume 

1973, 408 pp , $19 50 
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CONFORMATION IN FIBROUS 
PROTEINS 


AND RELATED SYNTHETIC POLYPEPTIDES 


by R D B FRASER and T P MacRAE 

A Volume in the MOLECULAR BIOLOGY Series 
Structure analysts have sought for more than 50 years to 
determine the molecular structure and conformation of 
fibrous protems This volume represents an up-to-date, 
comprehensive and integrated account of this complex 
problem It ıs divided into three sections The first 
section describes methods of determinmg conformation, 
with particular emphasis on diffraction studies which 
provide much of the data upon which models of molecular 
structure have been based ‘The second section surveys 
the role of synthetic polypeptides 
as models of fibrous proteins and 
mcludes discussion of the alpha 
helix, beta, poly (glycine) II, poly 
(L-proline) II and related çon» 
formations The last section tabu- 
lates data obtained from structural 
studies of silk, collagen, keratin, 
myofibrillar and other fibrous pro- 
teins, and discusses models for the 
Structures of these materials at 
levels of organization ranging from 
the polypeptide chain conformation 
to the arrangement of molecules 1n 
the tissues 

1973, 664 pp, $4500 


EXCITED STATES 
VOLUME | 


edited by E C LIM 

This new serial publication provides an authoritative guide 
to advances in fundamental research on the formation, 
properties, and relaxation of electronically excited states of 
polyatomic molecules Volume 1 discusses such topics as 
molecular electronic radiationless transitions, double 
resonance techniques and the relaxation mechanisms 
involving the lowest triplet state of aromatic compounds, 
optical spectra and relaxation in molecular solids, dipole 
movements and polarizabilities of molecules in excited 
electronic states, luminescence characteristics of polar 
aromatic molecules, and interstate mteraction 1n aromatic 
aldehydes and ketones 


1973, in preparation 


DARWIN AND FACIAL 


EXPRESSION 
A CENTURY OF RESEARCH IN REVIEW 


edited by PAUL EKMAN 

This book celebrates the centennial of the publication of 
Charles Darwin’s book on emotional expression 1n animals 
and men—a book that claimed that the expression of 
human emotion 1s determined by evolution It recon- 
siders his concepts and observations m the light of the 
work of the last hundred years, and critically reviews 
and integrates current knowledge 


1973, 288 pp , $17 00 


METHODS OF ANIMAL 


EXPERIMENTATION 
VOLUMES 4 AND 5 


edited by WILLIAM I GAY 

Methods of Animal Experimentation reviews the most 
efficient and practical ways to use laboratory animals in 
biomedical research The volumes discuss the most com- 
monly used methods ın enough detail to be useful to eithar 
the active researcher or the advanced graduate student 
Moreover, they provide extensive references and biblio- 
graphies for those ın need of further information Volume 4 * 


covers environmental chambers, hearing, taste, and smell e 


Volume 5 discus8es nutrition, aging, and artificial organs 


Volume 4/1973, 400 pp , $24 50 
Volume 5/1973, ın preparation 
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INTRODUCTION TO ELECTRON 
AND ION OPTICS 


by POUL DAHL . 

This concise volume provides an introduction to th 

theoretical background for electron and 10n-optical designs 
It uses the matrix formulation of geometrical optics (pri- 
marily first-order 1magmg) to outline all the basic relations 
Examples include the convervation rule for beam emit- 
tance and the relationship between resolving power and 
transmission for spectrometers It also gives scaling rules 
for similar systems and numerical formulae for deflections 


1973, 158 pp , $10 50 


CHROMOSOME IDENTIFICATION 


TECHNIQUE AND 
APPLICATIONS IN 
BIOLOGY AND MEDICINE 


Proceedings of the Twenty-third 
Nobel Symposium held September 
25-27, 1972, at the Royal Swedish 
Academy of Sciences, Stockholm 


edited by TORBIORN CASPERS- 
SON and LORE ZECH 


Contents Chromosome Banding 
Techniques Applications of the 
Banding Techniques in Biology 
and Medicine Background for 
the Banding Patterns 


1973, 255 pp, $28 50 


VISUAL INFORMATION 
PROCESSING 
edited by WILLIAM G CHASE 


This volume 15 an edited and revised version of the papers 
presented at the Eighth Annual Carnegie Symposium on 
Cognition, held at Carnegie-Mellon University in May 
1972 The topic ıs the role of visual processes 1n cognition 
——including language comprehension—and the papers con- 
cern visual processes ranging in complexity from simple 
tasks to complex ones ‘The book is organized in three 
parts which discuss the interplay between visual per- 
ception and cognition, the role of perceptual processes 
in language comprehension, and information processing 
models based on production systems—a new technique in 
computer simulation of psychological processes 


1973, 570 pp , $17 50 


STUDIES OF THE DEVELOPMENT 
OF BEHAVIOR AND THE 
NERVOUS SYSTEM 


edited by GILBERT GOTTLIEB 


This new serial publication describes developmental rela- 
tionships between neurophysiology, neuroanatomy, and 
behavior Each volume will be a coherent treatise with 
a central theme The first volume describes the major 
principles and theoretical aspects of neurobehavioral 
development, with special emphasis on overt embryonic 
motility, and fetal and neonatal behavior Volume 2 treats 
problems of the development of the nervous system which 
are particularly relevant to theegenesis of behavior, 1e 

the way connections become established between and 
within different parts of the nervous system 


Volume 1/BEHA VIORAL EMBRYOLOGY 
1973, about 375 pp, in preparation 


Volume 2/ASPECTS 9F NEUROGENESIS 
1973, about 275 pp , in preparation 


) prices subject to change without notice 
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biology 


Editors A Neuberger, London and E L Tatum, New York 








NEW VOLUMES IN THIS SERIES OF ADVANCED 
RESEARCH MONOGRAPHS 


vol. 30 Temperature Regulation in Mammals and other 
Vertebrates 


Edited by J BLIGH, Agricultural Research Council, Institute of Animal 
Physiology, Babraham, Cambridge, England 


1973. 456 pages. Dfl. 86.00 (about US $ 33.10) ISBN 0 7204 71303 


CONTENTS The central control of body temperature The central sensing of body 
temperature Extra-hypothalamic deep body temperature sensitivity Temperature 
sensors Thermoregulatory effectors The temperatures of the body and their 
thermoregulatory significance The influences of peripheral and deep tissue tem- 
perature sensitivities in the control of body temperature Temperature dependent 
electrical activities of brain neurons Central transmitter substances and thermo- 
regulation Engineering models of mammalian thermoregulation Neuronal models 
of temperature regulation Behavioural thermoregulation Temperature regulation 
during exercise Fever Unorthodox theories on mammalian thermoregulation 
Acclimatization to heat and cold Metabolic rate and body temperature Evolution- 
ary and comparative aspects of mammalian temperature regulation Hibernation 
Temperature regulation in birds 


vol. 29 Lysosomes in Biology and Pathology, 3 


Edited by J T DINGLE, Strangeways Research Laboratory, Wort's 
Causeway, Cambridge . 


1973. 596 pages. Dfl. 110.00 (about US $42.30) ISBN 072047129 X 


CONTENTS Lysosomes in biology Digestion in animal and plant cells Lysosomes 
in biology Protein catabolism Lysosomes in biology Form and function Lyso- 
somes in pathology Methods for the study of lysosomal functions 


CONTRIBUTORS S Aaronson, J M Ashworth, L Bitensky, J Bouillon, 
R S Butcher, J Chayen, G M W Cook, Y Eeckhout, P B Gahan, A H Gordon, 
J F R Kerr, G S Lazarus, J L Mego, J J Pasteels, A R Poole, R Rasmont, 
D Thinés-Sempoux, Y Tiffon, L de Vos, P D Weston, A E Wild, E Wiener, 
A M Woodin 


vol. 28 Immediate Hypersensitivity 


The Immunological Basis of Allergic Responses Mediated by Humoral 
Antibodies 


By D R STANWORTH, Department of Experimental Pathology, 
University of Birmingham, England 


1973. 412 pages. Dfl. 75.00 (about US $28.90) ISBN 0720471281 


CONTENTS Measurement of immediate hypersensitivity reactions Allergen 
structure gnd function Isolation and characterisation of reagins Structural basis of 
reagin activity Immediate hypersensitivity in experimental animals Cellular aspects 
of reagin formation and disappearance echanism of release mediators of 
immediate hypersensitivity The ISO of immediate hypersensitivity responses 
Future horizons 


orth-holland iiiu. 
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Magnetism 


Magnetic Interactions in Solids By 
H J Zeiger and G W Pratt (The 
Inteinational Series of Monographs on 
Physics) Pp xv+660 (Clarendon 
Press Oxford, Oxford University 
Press London, June 1973) £1950 


MAGNETISM 1s a fundamental part of 
most topics ın solid stare physics It 1s 
usually recognized in the form of ferro-, 
ferri- or antiferromagnetism, but prob- 
ably less easily so ın the case of spin- 
waves or domain structures Such bulk 
properties describe ordered magnetic 
systems but any real explanation of these 
phenomena must ultimately depend 
upon the electrons and nuclei of the 
system and on their interactions with 
each other and with any externally 
applied perturbations The authors’ 
aim in writing this book is to develop 
systematically the underlying theory of 
such interactions, emphasizing partı- 
cularly the physical interpretation. of 
the theory rather than using a rigorous 
mathematical formulation 

The first chapter introduces the mag- 
netic Hamiltonian It ıs used to de- 
Scribe the interaction. of an electron 
with external electromagnetic and uni- 
form magnetic fields, with the atomic 
nucleus and with other electrons The 
orbital and spin contributions are dis- 
tinguished and relativistic corrections 
are considered The next chapter 
describes the magnetic properties of one- 
electron atoms Tħe effects of spin- 
orbit coupling and the Zeeman inter- 
action are discussed 1n detail and some 
of the important terminology 1s intro- 
duced at this stage The next step 
1s to derive the magnetic properties of 
many-electron atoms, and this forms 
the basis of the next chapter Some 
of the fundamental principles of indis- 
tinguishability are discussed first of all 
and used in the setting-up of effective 
one-electron Hamiltonians The Hartree- 
Fock approximation 1s then considered 
and the L-S and }-) coupling schemes 
are explained Calculations of the 
coulomb and spin-orbit interactions are 
given in detail and the general magnetic 
properties of atoms are discussed 

The detailed chapter on the magnetic 
properties of ions in crystal fields ıs the 
longest in the book The approach 
1s not conventional in so far as the 
crystal field approach 1s described by 
considering in detail the examples of 
Cu** and Nr’ ions in octahedral sur- 
roundings, while the rare-earth ions are 
mentioned only briefly The concept 
of the spin Hamiltonian 1s introduced 
and covalency effects are treated in same 
detaıl There are two further long 
sections in this chapter—one discusses 
the Jahn-Teller effect “and the other 
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considers exchange 
insulating crystals 
Having discussed at considerable 
length the properties of systems in which 
the electrons are localised around parti- 
cular defect ions in a solid, the other 
extreme approximation in which the 
electrons are completely free ıs then 
analysed The one-electron band 
approximation is introduced and the 
paramagnetism of the conduction elec- 
trons 1s calculated The properties of 
electrons when a magnetic field 1s 
applied are then considered in detail—the 
eigenstates are calculated, cyclotron 
resonance examined and the interaction 
with acoustic waves is described The 
de-Haas-van-Alphen effect ıs then 
described and its importance in deter- 
mining the Fermi surface in metals is 
emphasised This is followed by a 
discussion of the energy of electrons 
coupled to lattice vibrations in the 
presence of a magnetic field and by 
conduction electron spin resonance and 
nuclear magnetic resonance in metals 
The next chapter discusses the Pa 
perturbation theory and the effective 
mass approximation (where P is defined 
as p+(e/c)A and m=p/m) particularly 
for the case of band electrons in a 
magnetic field The effective mass 
concept for the electron in many situa- 
tions 1s discussed This is followed by 
an analysis of interband and intraband 
transitions and the effect on transitions 
by an externally applied electric field 
Faraday rotation and the magneto-optic 
Kerr effect are then considered 
Magnetic interactions 1n semiconduc- 
tors and metals are the subjects of the 
last two chapters. Donor and acceptor 
states for Sı and Ge are considered in 
detail and their properties when a 
magnetic field 1s applied are analysed 
It is shown how esr andendor can 
be observed in donor and acceptor 
states The concept of an exciton 1s 
also introduced In the case of metals, 
the existence of localised moments is 
examined and their effect on the con- 
duction properties 1s discussed Then 
it ıs shown how indirect exchange 
interactions and hyperfine effects can 
also be observed in metals A ninety- 
page appendix on assorted topics is 
included at the end of the book and 
provides further very valuable back- 
ground material 
This book, then, covers in consider- 
able detail the fundamental problems of 
magnetic intefattions in solids and 
would appear to be one of the most 
comprehensive texfs on the subject It 
could be argued thtt it 1s not complete 
as the fundamental yleas have not been 
applied to explain the properties of 
ordered magnetic system’ The authors 
have quite clearly decided, however, 
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that the more fundamental approach 1s 
preferable and have left ıt to others to 
apply their ideas to the bulk properties 
of magnetic materials 

The material is presented in a logical 
sequence and in a self-consistent 
manner, but for a book of this size, 
relatively few references have been 
given In particular, ın the very long 
section on crystal fields, I am very 
surprised that no reference or use has 
been made of the basic crystal field 
calculations of Hutchings or the tensor 
operators listed by Smith and Thornley 
Also the subject matter of this chapter 
has considerable overlap with Election 
Paiamagnetic Resonance of Transition 
Ions by Abra,am and Bleaney This is 
somewhat surprising as both books are 
in the International. Seres of Mono- 
giaphs on Physics published by the 
Oxford University Press 

While the standard of the printing of 
the text, figures and the large amounts 
of mathematics 1s first class, J have two 
criticisms of the presentation of the 
book First, I believe that chapter 
and section numbers should be at the 
top of every page Second, references 
take some time to find as they are given 
at the end of each chapter, often at 
least 100 pages or so further on It is 
not easy to find the end of the chapter 
you are reading without labels at the 
top of the page 

I am sure the book will prove invalu- 
able for all postgraduate students work- 
ing in solid state physics and will be a 
constant source of reference for all 
other research workers In common 
with most high-quality physics books 
today, it is priced well outside the range 
of an individual’s pocket, but is an 
obvious definite buy for libraries and 
research groups with sufficient funds 

C A BATES 


Physical Chemistry 


A Textbook of Physical Chemistry. By 
Arthur W Adamson. Pp. xxi-- 1079. 
(Academic Press New York and 
London, 1973) $1695 


Tuis book covers, with a certain fresh- 
ness of approach, much of the ground 
conventionally assigned to physical 
chemistry Stress is appropriately laid 
on the need for precision in recording 
kinetic, thermodynamic and spectro- 
scopic data Each of the twenfy-one 
chapters 1s followed by lists of refer- 
ences and numerical answers to prob- 
lems There is also a subject index 
to the Whole book 

- A slight danger lurks in the method 
presented fos deriving certain integrated 
rate equations, but fears are allayed 
when it 1s once reabzed that, apart 
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from the type of print used, there ıs 
no real novelty As in all books on 
physical chemustry, the question sooner 
or later must be answered what level 
of mathematical equipment 1s it fair 
to take for granted? No clue is given, 
and a mathematical appendix to the 
text would greatly improve ıt No use, 
incidentally, 1s made of the hyperbolic 
notation, m spite of its great con- 
venience 1n dealing with partition func- 
tions Inverse power functions fre- 
quently appear, though unnecessarily 
restricted to the integers n—12 and 
m=6, that ıs the Lennard-Jones 
potential The brief summary of the 
activities and interests of Albert Einstein 
is hardly worthy of that genius The 
subject is more fittingly dealt with in 
that celebrated mine of information 
pubiushee „acas the titi. of The Born- 
Einstein Letters 

Many of the anecdotal trivia, though 
well-intended, could be dispensed with, 
especially when they are as long as 
the particular article reproduced from 
the Los Angeles Times of 1955 

Among what can be described as 
major sins of omission ıs the complete 
absence of London’s quantitative treat- 
ment of the heat of desorption of a 
molecule from a plane surface and 
from a hemispherical cavity 

All the diagrams have been epony- 
mously redrawn The copy sent to me 
for review purposes had no price on 
it and J am not beyond hoping that 
it may prove to be a priceless treasure 
to many readers 

The author, proof-readers, printers 
and publishers may feel justly proud 
of their work 

E A. MOBLWYN-HUGHES 


Solid Batteries 


Fast lon Transport in Solids Edited by 
W van Gool Pp xvi+728 (North. 
Holland Publishing Company. Amster- 
dam and London, American Elsevier 
New York, 1973) Dfi 100 


THE key to many problems in the 
management of electrical energy lies in 
Storage For example, we would long 
ago have dispensed with the burning of 
petrol in cars 1f enough energy for long 
runs could be carried in batteries weigh- 
ing about a hundredweight , the battery, 
again, 1s the most inconvenient element 
in the new electronic wrist-watch For 
this reason, intensive research 1s proceed- 
ing on improving electrical batteries 

One major advance would be to get rid 
of the liquid ın batteries If no vessel 
1s needed, then everything can be minia- 
turized and new degrees of flexibility ın 
design are possible This book gives an 
account of a ten-day Summer School, 
on the main technologieal problem 
involved in producing a battery without 
liquids, namely the achievement of high 


1on currents in solids The contributors 
were about evenly divided between uni- 
versities and industrial research labora- 
tories, with a few from user agencies 
such as railways, defence, space and 
power-generating agencies The book 
slightly condenses the twenty-three 
tutorial and thirty-seven research papers 
and adds accounts of discussions after 
each paper and a brief conference 
summary by R A Huggins’ A very 
creditable effort has been made to 
capture the essence of an intensive dis- 
cussion between diverse specialists on a 
subject of high technological interest 
and to publish it quickly It ıs, of 
course, still a book for specialists, not 
undergraduates, for the tutorial papers 
do not add up to a grounding in the 
subject of batteries Instead, mathe- 
matical treatments of 1on transport in 
solids are balanced by, and often linked 
solidly with, experimental studies of 
transport im, or the structure of, 
materials exhibiting fast 1onic transport 
(structure 1s important because the pre- 
sence of a “crystallographic tunnel” 1s a 
prerequisite of rapid ionic transport) 
There are only a few theoretical treat- 
ments, such as papers by R D Arm- 
strong and co-authors on the require- 
ments for fast cationic transport, R 
Kikuchi on theoretical techniques in 
ion transport, M Rice on a theory of 
superionic conduction, and B C H 
Steele and A D le Claire on diffusion 
theory The selection of the papers has, 
in general, been well planned to cover 
the important aspects of fast 1omic 
transport 

An important element in determining 
diffusion of atoms through solids 1s 
defect structure Several experts discuss 
defects superficially and the concept 
underlies many’ of the papers on trans- 
port A deeper treatment would thus 
have been desirable The same can be 
said for intercalation compounds, which 
are promising electrode materials It 
is unfortunate that there are virtually 
no general discussions of these com- 
pounds, although there 1s one particular 
attempt to use CrO, intercalated ın 
graphite as a “sink” for sodium ions 
Another system, classed under "promis- 
ing new materials", 1s a polyaniline 
complex with a resistivity lower than 
1 ohm-em Perhaps the dream of an 
organic semiconductor, with all the 
advantages of cheapness, low-tempera- 
ture operation and fine adjustment by 
side-chain modification, may soon come 
true, but this book gives no guidance 
as to the prospect ae 

Perhaps the most stimulating paper 1s 
that by L Heyne, who exhibits the rare 
ability to use sophisticated solid-state 
physical concepts and data (reflectance 
spectra, band-gap energies, defect levels, 
electronic conductivity, etc) to aid in 
the selection of a “good” solid electro- 
lyte Likewise, Milberg’s paper on ion 
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motion in glasses opened up some 
interesting vistas, and the article by 
J W Geus on “Transport Properties of 
Thin Films” was impressive ın the clarity 
of its exposition but disappointing in 
that 1t stopped short of explaining trans- 
port through films as thoroughly as it 
explained surface physics 

This book is a good expression of 
current research thinking ın 10nic trans- 
port in a small range of materials and 
achieves a reasonable if not perfect 
balance between the present and the 
future of this field 

A G HOLMES-SIBDLE 


Aerosols and Atmosphere 


Aerosols and Atmospheric Chemistry 
Edited by G M Hidy (The Kendall 
Award Symposium Honouring Profes- 
sor Milton Kerker at the Proceedings of 
the American Chemical Society, Los 
Angeles, California, March 1971) Pp 
xvui+348 (Academic Press New 
York and London, November 1972) 
$14 50 


THE study of aerosols 1s now a science 
in itself Each year one sees an increas- 
ing number of papers concerned with 
the formation, properties, behaviour and 
effects of aerosols This follows from 
an increased awareness of the impact 
of aerosols on the environment and their 
involvement in varying fields such as 
meteorology, physiology and engineer- 
ing This book is essentially a collec- 
tion of thirty-one papers presenting a 
wide variety of studies on the physical 
chemustry of aerosols and their relation- 
ship with atmospheric chemistry 

The book 1s 1n three parts The first 
contains twelve papers on what might 
be described as general aerosol science 
These papers cover the production of 
aerosols by X rays, the formation and 
properties of ultrafine particles and 
small ions conditioned by gaseous 
impurities in air, and also ultrafine 
oxide particle preparation in flame 
processes Other topics covered are 
nucleation theories and studies of the 
kinetic growth of aerosol particles 
Light scattering and the measurement 
of aerosol particle size distributions by 
other methods such as the spiral centri- 
fuge are also discussed This part ends 
with an interesting paper on the descrip- 
tion of a new technique for the study 
of individual aerosol particles of dia- 
meters ranging from 100 to 500 nm 
held stationary 1n a laser beam by means 
of time varying electrostatic fields 

The second part of the book contains 
six papers which are mainly concerned 
with the application. of basic aerosol 
science to atmospheric phenomena 
Topics covered include the formation, 
growth and chemical reactions of atmo- 
spheric particles, the comparison of 
synthetic and natural smog aerosols, and 
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light scattering 
produced aerosols 

The remaining thirteen papers ın the 
third part of the book form a detailed 
discussion of the Pasadena Smog 
Study—a major investigation of Los 
Angeles smog carried out at the Cali- 
fornia Institute of Technology in 1969 
Here there are papers describing the 
project, the data collection and aerosol 
analysing systems used, as well as the 
presentation of experimental data on 
aerosol size distributions and chemical 
compositions 

Factors such as climatology, meteoro- 
logy, behaviour of trace gases and the 
mechanisms for particle-gas interaction 
are discyssed in relation to their effect 
on the evolution of the Pasadena smeg 

The book 1s clearly written and well 
presented, and has a useful subject 
index It also lists the sixty-five names 
and addresses of the authors, and of 
these, fifty-one originate from the 
USA, nine from France, three from 
Germany and two from Canada 

I would expect to find this book widely 
read and used by all research workers 
in the field of aerosol science, and those 
interested 1n the subject of atmospheric 
chemistry with particular reference to 
air pollution 

It should be mentioned, however, that 
the book is an adaptation and reprint 
of the Journal of Colloid and Inte: face 
Science, 39 (1972) 


of photochemically 


ALAN B HEDLEY 


Electrostatics 


Electiostatics and® Its Applications 
Edited by A D Moore Pp xvm+181 
(Interscience New York and London, 
May 1973) £1250 


THIS book, written by eighteen contri- 
butors, 1s intended to be a unified and 
complete survey of modern electro- 
Statics, but ıt 1s not clear at whom ıt 1s 
aimed The quality of the writing varies 
considerably, and the language 1s often 
woolly and obscure ‘Perhaps ıt is 
meant as a eulogy on electrostatics the 
editor claims that without it the 
USA might have been part of the 
British Empire! 

SI units are used mainly but not 
exclusively Tht mixing of symbols 
for quantities and for units in equations 
can be confusing, like 


=2y 
C 


There are no problems and only one 
worked example On the credit side, 
most chapters begin with a helpful 
"overview" There are copious refer- 
ences, and most of the diagrams are 
clear . 

The first four chapters give the Wasic 
concepts These are presented in a 
confused fashion, and the lack of rigour 
hinders understanding A few examples 


from the many misleading and incorrect 
Statements follow It 1s said that if 
electrons are removed from atoms or 
molecules, positive 10ns or anions are 
formed, and anions move to the anode 
The transfer of charge in a Van de 
Graaff generator is described, and then 
the statement 1s made that many 
examples of “convective charge trans- 
port” are found in other devices The 
text ın one case says that the velocity 
of accelerated particles depends on the 
square root of the charge, and then 
gives an equation showing (incorrectly) 
that ıt depends linearly on the charge 
In the section on photoelectric charging 
it is said that "free electrons are not 
easily ejected from a surface because 
of the relative impossibility of satisfying 
both energy and momentum conserva- 
tion conditions” Cross hatching is 
referred to in a figure which has no 
cross hatching Mention is made of 
the "coupling between electrical forces 
and Newton's second law" 

Chapter 5 1s better It gives a straight- 
forward presentation of the theory of 
dielectrics, and considerable informa- 
tion on surface charges for a variety of 
materials The practical problem of 
obtaining reproducible results 1s empha- 
sized Chapters 6 to 8 deal with long- 
lasting electrical effects, electrostatic 
motors, and electrostatic generators 
Some interesting information is pre- 
sented, but considerable space 1s given 
to historical descriptions at the expense 
of modern developments The language 
1s sometimes vague and even muslead- 
ıng For a book published ın 1973, it 
is astonishing that no mention 1s made 
of the contribution made by Ray Herb 
to electrostatic generators 

The remainder of the book deals 
mainly with the industrial applications 
of electrostatics, and the standard 1s 
generally businesslike Chapter 9 deals 
with electrostatic precipitation, presents 
the relevant theory and gives a good 
deal of practical information Chapter 
10, on the electrostatic separation of 
solids, is mainly descriptive and at a 
fairly elementary level The methods 
and equipment used in electrostatic 
coating, for painting, sandpaper manu- 
facture, and so on, are described in 
chapter 11, and chapter 12 does the 
same job for electrostatic imaging 
Chapter 13 covers the principles and 
elementary theory of impact printing, 
and discusses various practical systems 

Two of the most interesting chapters 
to me, perhaps because of my 
total lack of familiarity with the sub- 
ject, deal with non-uniform field effects 
A rather fundamental approach is 
adopted to this topic of dielectro- 
phoresis, and thén its application to 
biofogical materfale (for example the 
separation of living yeast cells from 
dead ones) is discussed — Rather dıs- 
appointing chapters on electrostatics in 
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the power industry and atmospheric 
electrostatics are followed by electro- 
Static nuisances and hazards, and a 
chapter on miscellaneous effects and 
applications, from — electrostatically 
operated display signs to the effects of 
ions and electric fields on living 
organisms The final chapter, by the 
eminent Professor Felici of Grenoble, 
reviews the blessings brought to us by 
electrostatics He concludes his chapter 
and the book with the magnificent 
sentence, “Then applied electrostatics 
will reveal itself as a gentle, protective, 
and benevolent science, best suited to 
reconcile man with his environment 
and to help him along through the 
trials he 1s sure to face in the future” 

It 1s an excellent idea to cover the 
theory and applications of electrostatics 
in one volume This makes the dis- 
appointment all the greater that the 
treatment is so uneven 

R G P Voss 


Nearshore Phenomena 


Waves on Beaches and the Resulting 
Sediment Tiansport Edited by R E 
Meyer (Proceedings of an advanced 
Seminar conducted by the Mathematics 
Research Center, University of Wis- 
consin, and the Coastal Engineering 
Research Centre, US Army, at Madison, 
October 1971) Pp vit462 (Academic 

New York and London, October 1972 ) 
$16 


THE basic concept behind this volume 
is excellent there 1s undoubtedly a 
need for a comprehensive review of the 
new ideas that have produced major 
advances 1n the understanding of near- 
shore phenomena in the last decade 
This book therefore provides a welcome 
reference point for the modern work 
in this field Unfortunately the com- 
pendium format has severe disadvan- 
tages when one 1s trying to present a 
balanced, interdisciplinary view of the 
state of any subject Here, the fact that 
this 1s a collection of individual con- 
tributions ıs further emphasized by the 
lack of any obvious logic 1n the arrange- 
ment of the chapters The general 
approach is inevitably uneven, some 
chapters concentrating on general re- 
views of a topic, some describing very 
specific pieces of research The general 
level 1s therefore hard to assess, cer- 
tainly the geologist or geographer 
interested in beaches will find the 
mathematical treatment rather formid- 
able The,casual reader may have diffi- 
culty in appreciating the interrelation of 
the concepts presented in the separate 
chapters 

However, the more advanced student 
will cértainly find this volume very use- 
ful The chapters on wave recording, 
basic equattons, wave caustics, run-up, 
wave breaking and longshore currents 
provide a general background for the 
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physical processes The sections on wave 
resonance and harmonic generation are 
rather specific and, both being strongly 
mathematical, will probably be of in- 
terest only to the specialist 

The sedimentary chapters are far less 
satisfactory. Hayes’s pictorial essay 
forms a valid introduction and should 
have been followed by a presentation of 
the current ideas on the processes which 
produce the sedimentary features. How- 
ever, the chapters by Einstein and 
Kennedy and Locher both describe 
rather specific laboratory experiments 
and make little attempt to relate their 
measurements to the conditions on real 
beaches It remains for Longuet-Higgins 
in the chapter on longshore currents to 
make the only interesting comments on 
sedimentary processes on beaches per se 

A J BOWEN 


Organic Reactions 


Selected Molecular Rearrangements By 
T. S Stevens and W E Watts Pp x+ 
212 (Van Nostrand Reinhold London 
and New York, 1973) 

MOLECULAR rearrangements comprise 
a diverse range of organic reactions and 
a one-volume review has not previously 
been attempted The present work 1s 
not intended to be comprehensive, yet it 
covers a large fraction of the subject 
and includes some esoteric reactions. 
An introduction is followed by chapters 
on rearrangements of carbonium ions , 
nucleophilic rearrangements from 
carbon to nitrogen and oxygen, 1,2- 
electrophilic rearrangements and other 


alkali-induced processes,  pericyclic 
reactions, and aromatic rearrange- 
ments. 


Such a range necessitates often super- 
ficial coverage, but even so the standard 
IS curiously uneven The chapters on 
1,2-electrophilic and related rearrange- 
ments which form the heart of the book 
are outstanding, and that on pericyclic 
reactions is good However, the intro- 
duction could well be dispensed with 
and the second chapter has important 
glosses or omissions, Hydride shifts, 
the occurrence of “hot” ions in deamina- 
tion and the controversy concerning 
classical and nonclassical ions are 
mentioned cursorily and often the discus- 
sion of other topics 1s uncritical thus 
the Tiffereau modification is stated to be 
superior to the conventional Demjanov 
procedure, but no explanation is given 
In addition, the discussion of aromatic 
rearrangements 1s 1nadequate,and pro- 
pagate$ the z-complex mechanism for 
intramolecular processes with no 1ndica- 
tion that this view 1s no longer accepted 
by the majority of workers ın the field 

The book might also benefit by the 
introduction of the concept and termin- 
ology of orbital symmetry at the begin- 
ning (instead of on page 148); by the 


inclusion of more quantitative data, 


(Hammett parameters, migratory apti- 
tudes), and by a distinction between 
the [2,3] and [1,2] sigmatropic forms of 
the Wittig and related rearrangements 
There are also a few odd statements 
(how many would consider the Hof- 
mann rearrangement to be “one of . 
the most widely-used reactions in 
organic chemistry”?), and the reading 
lists have some strange omissions such 
as Shine’s definitive text on Aromatic 
Rearrangements and chapters from 
Thyagarajan’s series on Mechanisms of 
Molecular Rearrangements Indeed the 
review articles listed at the end of each 
chapter seem to have been rather arbi- 
trarily chosen 

These criticisms aside, the book con- 
tains few errors and 1s very well written 
However, the market 1s not obvious 
too much detail 1s included for most 
undergraduate courses whereas research 
workers in any of the discussed fields 
will soon have to turn to the references 
for further reading. It 1s a pity that the 
authors could not have negotiated for 
an extra 150 to 200 pages They could 
then have widened the discussion of 
the present material and included topics 
such as tautomerism, ionotropy, radical 
rearrangements and a few more specific 
reactions, for example, the Tiemann, 
Jacobson and  sulphaniic-acid re- 
arrangements, such as to give an essen- 
tially complete and valuable survey 
Perhaps we can hope for a second edi- 
tion along these lines? 

D V BANTHORPE 


Quantum Optics 


Coherence and Quantum Optics Edited 
by L Mandel and E Wolf (Proceedings 
of the Third Rochester Conference on 
Coherence and Quantum Optics held at 
the University of Rochester, June 21-23, 
1972) Pp xiv+911 (Plenum Press 
New York and London, 1973 ) $43 


Tans volume consists of the papers given 
at the Third Rochester Conference on 
Coherence and Quantum Optics It 
records an important gathering together 
of practically all of the leading figures in 
this most lively no-man’s-land between 
traditional optics and quantum 
mechanics 

Yet was the book worth producing 
in this form? The large majority of the 
physicists now interested in the field 
were at the conference and obtained 
their information at first hand For 
future researchers and those unable to 
attend, all the worthwhile material will 
surely be published in the usual journals 
Some first class review ‘papers (notably 
that of Jaynes on Neoclassical radiation 
theory) arg made available, but the 
material ıs put togetller m such a hap- 
hazard fashion thatethey do not stand 
out The volume is merely a compila- 
tión of preprints grouped by conference 
session with no proper introduction and 
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apparently no overall editorial hand 
In some cases, potentially most interest- 
ing contributions (like Willis Lamb’s 
“Critical Comments on Radiation 
Theory”) are only present as abstracts 
Furthermore, there 1s no record of the 
discussions following the papers, a 
necessity if the book 1s to stand as any 
sort of record of the conference pro- 
ceedings 

Surely this type of publication 1s a 
scientific white elephant? Useful per- 
haps for impressing a participant’s 
parent institution or for making an 1m- 
posing presence on the bookshelf, it 
merely adds to the unnecessary Jumber 
of publications which threatens to 
drown physics in a sea of paper 
Begause they are produced, these com- 
pilations are bought, but 1f they did not 
exist would the physics community. be 
much worse off? D G C Jones 


Gravitational Waves 
Gravitational Waves ın Emnstein's 
Theory By V D. Zakharov Trans- 
lated from Russian by R N. Sen Pp 
xx+183 (Israel Program for Scientific 
Translations. Jerusalem, Halsted Press, 
a Divison of Wiley New York and 
London, 1973) £585 


THIs book, which the publishers 
describe as a “generalised critical 
review", is the first monograph exclu- 
sively concerned with gravitational 
waves. It consists of a chapter on 
experiments which has perhaps inevit- 
ably been rather superseded by present 
developments, a chapter on approxima- 
tion methods, and*a review of work 
on the rigorous mathematical theory 
of gravitational waves in general rela- 
tivity In particular much attention 1s 
directed to the problem of developing 
criteria by which a given space-time 
may be said to describe a gravitational 
wave Nine such criteria are discussed 
together with the relationships between 
them and to the Petrov classification 
This problem 1s closely connected with 
the Cauchy problem and the types of 
discontinuities that the Riemann tensor 
may possess Also included is an 
account of Bel’s super energy tensor 
This section ıs well done, although 
there are a number of minor errors and 
musprints—the Penrose diagram ıs 
drawn incorrectly, for example 

Then follows a discussion of 
gravitational wave optics and the 
propagation of gravitational waves 
Here one could have hoped for 
a clearer discussion of the Goldberg- 
Sachs theorem and the many 
exact solutions which have been dıs- 
covered using it—for example, the 
important Kerr and Taub-NUT solu- 
tons Indeed the statement on page 81 
that the Robinson Trautmann solutions 
comprise all ,vacuum algebraically 
special gravitatiónal fields is definitely 
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Although English is the international medical language of the world, there has been until now no 
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incorrect. There follows a section on 
plane waves according to various defini- 
tions and a chapter on the asymptotic 
properties of gravitational fields, Bondi 
mass loss, "peeling" and so on. Here 
there are several omissions—Penrose’s 
conformal approach to the peeling 
theorems, the conserved (?) quantities 
of Newman and Penrose, definitions of 
mass and momentum and its relation 
to the BMS group which should really 
be included. Work on spinors is alluded 
to but not described and some Newman- 


Penrose quantities are incorrectly 
defined. The last purely theoretical 
chapter is devoted to the work of 
Zelmanov. 


in his concluding remarks the author 
states that both from the point of view 
of experiment and theory much has to 
be done. With this one can only con- 
cur but one cannot help feeling that he 
is being a little pessimistic in his view 
of the "problem" of gravitational waves 
and a little misguided in his search for 
a unique criterion for gravitation waves 
—for example, a unique Petrov type. 
To demonstrate the existence of any 
kind of radiation it is surely only 
necessary to show that the physical field 
in question can transmit energy-momen- 
tum and information with a certain 
speed and without the necessity of a 
receiver (that is, not inductively). It 
was the achievement of Bondi and his 
group first to demonstrate this theoreti- 
cally in a rigorous fashion; it is to be 
hoped that the experimental verifications 
will not be too long coming. 

In conclusion then this is an admir- 
able review, with °a splendid biblio- 
graphy, of some aspects of gravitational 
radiation theory. It is not for the astro- 
physicists seeking to find ideas for 
astronomical application or the practical 
man building apparatus but it should 
be well suited to people entering the 
field of mathematically rigorous gravita- 
tional radiation theory provided they 
supplement it with other reading. It 
would also help them to know that 
western relativists call “isotropic” “null”. 

G. W. GIBBONS 


Environmental Poisons 


Environmental ¿Quality and Safety. 
Edited by F. Coulston and F. Korte. 
Volume 1. Global Aspects of Chemistry, 
Toxicology and Technology, as Applied 
to the Environment. Pp. x+267. (Georg 
Thieme: Stuttgart; Academic: New 
York, July 1972.) $18. 

CONCERN over environmental quality 
and the safety of chemicals released 
into our environment has been 
increasing steadily over the past few 
years. This is algo reflected in the 
phenomenal growth in the literature on 
environmental pollution and other 
aspects. Any reasonable attempt at 
throwing some light on to the confused 
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Solar Flare 





Photograph of active region of the Sun taken in Ha light. Material is shown being ejected 
close to the limb, photographed on May 22, 1972. From The Quiet Sun, by Edward G. 
Gibson (National Aeronautics and Space Administration: Washington, 1973, $6.20). 





scene of conflicting opinions pre- 
sently existing in this field should, 
therefore, be given full support. Volume 
1 of the new series on environmental 
quality and safety is a brave start if the 
declared intentions of the editors come 
to fruition. Perhaps by chance, most of 
the articles in the first volume are 
devoted to the toxicology of pesticides. 
Only one paper by Hasserodt concerns 
itself with the pollution problem created 
by man’s needs for an ever increasing 
supply of energy to satisfy the demands 
of industry and to provide for his com- 
forts. Two out of a total of twenty 
articles relate to pharmaceutical 
chemicals. They do not touch on the 
environmental aspects but are more 
concerned with standard safety assess- 
ments of drugs and profitability con- 
siderations. 

Pesticides, their environmental 
behaviour and the implications of their 
use in agriculture as well as of their 
residues in food for man as the ultimate 
consumer, and for the environment 
generally, are covered in a competent 
manner. The articles by Matsumura, 
Brooks and Klein present clear and 
reasonably comprehensive reviews of the 
present knowfédge of the metabolism 
of pesticides in microorganisms, insects 
and plants. However, some statements 
are not in accofflance with presently 
acoepted opinion. Jhus on page 60, the 
assertion by the author, that 50% of the 
lead ingested in food "is absorbed, is 
patently at variance with the generally 


accepted figure of 10%. Furthermore, 
on page 61, to say that the major source 
of lead in our environment is derived 
from lead alkyls used in gasoline is 
incorrect. By far the largest amounts 
derive from natural geological sources 
and the enormous industrial usage of 
lead and its compounds, 

How to handle the detailed informa- 
tion on pesticides and arrive at a sen- 
sible and satisfactory evaluation of the 
balance between the benefits and risks of 
pesticide usage is clearly explained in an 
excellent article by van Tiel. The ulti- 
mate hazard to man from a pesticide 
depends on his actual exposure to it 
and all possible metabolic transforma- 
tion products, if these persist in human 
food as consumed. The important point 
is made that only if accurate analytical 
data are available, as well as adequate 
determinations of the range of dietary 
intakes for foodstuffs liable to contain 
pesticides residues, can the toxicological 
information be used to make valid and 
sensible assessments of the health 
hazards involved. 

A reasonable beginning has been 
made towards more purposeful discus- 
sions of environmental hazards and 
their assessment, but judgment on the 
real value of this series has to be post- 
poned until further volumes have 
appeated. Otherwise the book is well 
produced, the index is not extensive but 
is adequate and there are only a few 
printers’ errors to mar the generally 
satisfactory impression. P. S. ELIAS 





Molecular Structure _ 


Molecular Structure and. Properties. 
Edited by G. Allen. (MTP International 
Review. of Science.) Pp. 264. (Butter- 
vorth: ^. London; University Park: 
Baltimore, 1972.) £10; $24.50. 


“PRE inevitable growth of the subject 
- and literature has made the part played 
by reviews in the physical sciences 
particularly vital. When the field, as 
here, underlies -a large proportion of 
chemistry and physics, the editor, as 
Professor Allen points out, faces severe 
roblems. in. the selection of topics, 
which must indeed be to some extent 
subjective. A compromise is made 
? here by the combination of surveys of 
i) well established work of continued im- 
portance with: those of fields “which 
t^ represent growth points. "Neutron Dif- 
. fraction". (G E. Bacon) “Electron 
Diffraction by Gases" (K. Kuchitsu). 
. and "Structure of Crystalline Polymers" 
COH. Tadokoro) represent long-estab- 
-< ished areas, while more novel fields are 
"Acoustic Studies of Molecular Con- 
ormational Changes” (A. M. North 
and R. A. Pethrick) "Magnetic Sus- 
ceptibilities. of : Diamagnetic Mole- 
cules" (R. Ditchfield), and "Techniques 
and Uses of Infrared Refractivity" (J. 
Haigh and L. E. Sutton); related to the 
fast, but curiously separated from it in 
the text, is a review of the theory of 
dielectric polarization (A. D. Buck- 
ingham). 
‘Tadokoro considers with some 
systematic formality the results of the 
study of crystalline polymers, by X-ray 
and other techniques, during the past 
five -years, in the context of the im- 
portant problems which remain. Bacon, 
making. no. attempt at comprehensive- 
ess in reviewing neutron diffraction, 
gives. an authoritative forward-looking 
survey with illustrations from typical 
recent. studies, and including molecular 
spectroscopy by inelastic neutron scatter- 
g. Kuchitsu's contribution is notable 
that, throughout, it considers the col- 
ctive evidence. of electron diffraction 
and spectroscopic methods. Although 
a spectroscopist might ` question the 
literal truth of the statement in the pre- 
ace that electron: diffraction remains 
1 major technique for all but the 
‘simplest: molecules, there is no doubt 
that the. most: meaningful treatment of 
the structures of. free molecules in- 
volves. simultaneous application of dif- 
: fraction and. spectroscopic data. Those 
. seeking the “best” values of geometric 
parameters in key structures are likely 
to refer to Kuchitsu here for some time. 
Electron diffraction and spectroscopy 
have provided much information, about 






















































amplitude motions within. molecules, 
‘notably internal rotation ór ,inversion 


ations. ‘The nortan and ake 


the geometry and energetics of large | 


f groups, and changes in ring confor- 


complementary contributions made by. 
acoustic studies to our knowledge. of 


such motions, particularly when higher- ^ 


energy conformations are weakly. popu- 
lated, are well brought out by North 
and Pethrick. The reviews of infrared 
refractivity and theory of dielectric 
polarization fittingly emphasise the 
bridge which must be made between the 
properties of free molecules and the 
bulk properties of materials. 

The review by Ditchfield of magnetic 
susceptibilities of diamagnetic mole- 
cules is particularly welcome in bringing 
together aspects of many fields. As 
befits the current interest in the direc- 
tional magnetic properties of free 
molecules, consideration of molecular 
orbital interpretations is included at 
some length, while the determination of 
magnetic anisotropies of molecules 
from crystal data, Cotton-Mouton 
studies and, particularly, the Zeeman 
effect in microwave spectroscopy is dis- 
cussed along with the evidence of mag- 
netic shielding in n.m.r. Anyone wish- 
ing to appreciate the growing contribu- 
tion of detailed knowledge of molecular 
magnetism to our critical appraisal of 
descriptions of structure can start here. 

All these chapters, which have been 
painstakingly produced, will be valuable 
to structure chemists, and to many who 
might not describe themselves in pre- 
cisely that way. When one remembers 
that volumes 3 and 4 of the same series 
will concentrate on spectroscopy, one 
recognizes in the MTP Reviews an un- 
usually well-balanced authoritative pub- 
lication. J. SHERIDAN 


Pauli's Physics 


Pauli Lectures on Physics. Volume 1. 
Electrodynamics, Pp. x-- 160. Volume 
2. Optics and the Theory of Electrons. 
Pp. 159. Volume 3. Thermodynamics 
and the Kinetic Theory of Gases. Pp. 
x 4-138. Volume 4. Statistical 
Mechanics. Pp. x--121. Volume 5. 
Wave Mechanics. Pp. xiv--205. By 
Wolfgang Pauli. Edited by Charles P 
Enz. Translated by H. R. Lewis and 
S. Margulies. (MIT: Cambridge, 
Massachusetts and London, March 
1973.) $9.95 each volume. 
WOLFGANG PAULI was a great theoreti- 
cal physicist who made many major 
contributions to the formulation of the 
key concepts of present-day theoretical 
physics. It is therefore of considerable 
interest to see his approach to the 
presentation of these concepts through 
the various lecture courses he gave to 
students at the Swiss Federal Institute of 
Technology in Zürich. 

The fives boofs reviewed here are 
excellent translations by S. Marguyjies 
and H. R. Lewis of “ecture notes taken 
by different students and collaborators 
of Pauli. The notes have been care- 
fully edited by C. P. Enz who provides 











a preface and an. 


volume. The former sets out the cir- 


cumstances in which the notes were ^ 
made and the latter consists of a series 


of short technical comments on different 
parts of the text. A foreword to this 
series of books by Victor Weisskopf 
sets out the rationale for this publica- 
tion of notes of lectures which, it must 
be recognized, were in general given 
more than twenty years ago. Briefly, 
Weisskopf says that “Pauli’s way of 
presenting physics is never out of date", 
his style “is commensurate to the great- 
ness of its subject in its clarity and 
impact" and his lectures "show how 
physical ideas can be presented clearly 
and in good mathematical form, 
wighoyt being hidden in formalistic 
expertise". There can be no argument 
with these views and the notes in these 
five volumes are remarkably concise 
presentations of what might be called 
basic theoretical physics and, as Weiss- 
kopf assures us, "they bear the mark 
of the master in their conceptual struc- 
ture and their mathematical rigidity". 

The level of each course goes rather 
beyond that of a standard under- 
graduate physics course bearing the 
same name in a British university but 
is probably at about the level found 
in theoretical physics options. The 
question naturally arises whether these 
volumes might be useful as "course" 
books. Here it is doubtful whether 
they would be for standard courses. 
They make no concessions to the reader, 
explanations are not elaborated and in 
any case it is assumed implicitly that 
the reader has been through a significant 
introductory course beforehand. In 
general the lectures embark at once on 
the setting up of a firm mathematical 
formalism and this style is. continued 
throughout. As his students say in a 
preface to Volume 5, "Professor Pauli 
was fond of expressing himself with 
formulas and only a few words. Once 
he said 'One should not write so 
much’ ". 

That being said, there is no doubt 
that the books could provide excellent 
"additional reading" and would be 
particularly valuable for the  well- 
motivated and enthusiastic student. 
Equally they could provide a good basis 
for optional courses in theoretical 
physics either for physics or mathe- 
matics based undergraduates. 

Together they are a remarkable 
testimony to the elegance of Pauli's 
approach to physics, his powers of 
exposition and his penetrating insight. 
I should certainly ‘wish to associate 
myself with the concluding sentence 
of Weisskopf's foreword-—'"May these 
volumes serve as an example of how 
the *oncepts of theoretical physics were 
conceived and taught by one of the 
great men who.created: them". 


R.J : Buin-Sroyie - 
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Tropical Atmosphere 


The General Circulation of the Tropical 
Atmosphere and Interactions with 
Extratropical Latitudes. By Reginald E. 
Newell, John W. Kidson, Dayton G. 
Vincent, and George J. Boer. Vol. 1. Pp. 
xiii+258. (MIT: Cambridge, Massa- 
chusetts, and London, 1972.) £11.25; $25. 


A WORLD-WIDE sample of free-air 
balloon observations from 330 stations 
within about 45 degrees of the equator 
(1957-1964) has been analysed. The re- 
sults are presented mainly in the form 
of climatological maps and vertical 
cross-sections, with some commentary. 
Volume 1 of this observational study 
contains chapters on the sources, pro- 
cessing, and analysis of the data; mean 
temperature and wind fields; the angular 
momentum budget and the maintenance 
of the zonal winds; and the seasonal 
variation of humidity parameters. 

The text is well written and easily 
digestible, but the discussion is inevit- 
ably well removed from most of the 
maps and more frequent and specific 
references could have been incor- 
porated. The cartographic work is of a 
very high standard. 

The role of the tropics in the plane- 
tary atmospheric circulation, and the 
relationship between the zonal mean 
flow and the eddies, have always been 
two of the outstanding problems to 
those investigating the general circula- 
tion of the atmosphere. Theoretical and 
numerical studies must be based on our 
state of knowledge of the real atmos- 
phere and this monograph adds a great 
deal to our knowledge and understand- 
ing of the mean circulation and eddy 
fluxes in the tropical and sub-tropical 
atmosphere in relation to the distribu- 
tion of energy sources and sinks. 

Although much-needed background 
values are established, the regional 
values are in some cases suspect. To a 
large extent this reflects the low density 
distribution of stations, particularly in 
the southern hemisphere and over the 
oceans; but the analyses could also have 
been improved by more critical linkage 
with other regional analyses and synop- 
tic meteorology. For example, the only 
station in the sector 10° S-20° N, be- 
tween 40-70° E, is Aden. This is pre- 
cisely the sectorein which the East Afri- 
can low-level jetstream is to be found, 
which transports nearly half of the total 
estimated transequatorial flow of air in 
the lower troposphere in July. The 
analyses of the 0 and v wind compo- 
nents at the 850-mbar level in summer 
show highly disturbing discrepancies 
with the more «detailed analyses by 
Findlater. No jet core is shown along 
the coasts of Kenya and Somalia, 
whereas a jetstrcam with a mean 
southerly component of up to 15ems^! 
has been shown to exist. Off the Horn 
of Africa the westerly component is 


shown to be some 7 ms™ lower than 
in Findlater's analysis. To find a 
northerly component right across the 
Arabian Sea is equally as alarming. One 
is left wondering as to how near reality 
are the values in other regions, par- 
ticularly over the oceans. 
D. WINSTANLEY 


Geology of Kilimanjaro 


The Geology of Kilimanjaro. By C. 
Downie and P. Wilkinson. Pp. 253+ 
10 plates. (Department of Geology, 
University of Sheffield: Sheffield, 1972.) 
£6. 

KILIMANJARO mountain lying astride 
latitude 3° S in NE Tanzania attains 
a height of 19,340 feet, which makes it 
the highest peak in Africa as well as one 
of the largest composite volcanoes in 
the world, These facts attracted the 
attention of the local Geological Survey 
in the early 1950s, together with sporadic 
reports concerning fumarolic activity 
with sulphur deposits, a permanent but 
rapidly diminishing ice cap and the 
influence of the mountain on water 
supplies. 

Following the Survey's preliminary 
work the problems were studied in 
greater detail during an extensive 
geological mapping programme in two 
field seasons in 1953 and 1957 by mem- 
bers of the University of Sheffield and 
the Geological Survey of Tanzania. 
From this field work a series of pub- 
lished and unpublished progress reports 
was produced and petrological studies 
and other research were carried out in 
laboratories. The results are now con- 
cisely presented and those responsible 
for the ultimate publication of this 
finally completed volume are to be con- 
gratulated. The work will undoubtedly 
become of great importance to many 
scientists besides East African geologists. 

The chapter on glaciology, which is 
one of the five longer chapters, is lucidly 
written in fascinating detail by Downie 
and Humphries of Sheffield who incor- 
porate K/Ar age determinations on 
volcanic rocks to aid dating of five im- 
portant glaciations. In chapter three, 
Downie carefully reconstructs the 
regional geomorphology prior to the 
initial eruption. Additional borehole 
data will no doubt improve his picture 
of the “Kilimanjaro Depression”, 
situated, more convincingly now, some 
100 miles east of the great Gregory 
Rift Valley. 

Excellent geological descriptions by 
Downie of the, two highest peaks, Kibo 
(19,340 feet) and Mawenzi (16,896 feet), 
comprise two of, the larger chapters, 6 
and 7. Plutonic plugs, radial dykes and 
concentric rer significant features 
meést carefully e observed. Lahars- 
originating from the three major vol- 
canic centres, and on* Kibo, a 10,000 
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foot complete geological sequence, are, 
in addition, magnificently displayed and 
recorded. 

In chapter 9, Wilkinson indicates that 
no abnormal geothermal gradient is 
deemed necessary to assist in the con- 
siderable diminution of the Ice Dome. 
This contention will satisfy some, but 
lack of extensive accurate data on füma- 
rolic activity is somewhat disappointing 
and perhaps underlines the difficulties of 
these problems anyway. 

The last and longest chapter covering 
petrological studies is different because 
the actual concepts developed from 
laboratory data are now considered. 
Some fifty new, valuable rock analyses, 
including trace elements, are presented. 
Nevertheless, Wilkinson is undecided on 
some of the problems raised; for 
example, are up to four separate 
parent magmas really developed from 
a primary magma? 

The shorter chapters, likewise instruc- 
tive and full of merit, fit neatly into 
place, and cover, besides introductions, 
the geology of Shira and Ol Molog, the 
parasitic and subsidiary cones and a 
valuable final summary of the history 
of Kilimanjaro. 

A comprehensive list of references 
and index of localities is included at the 
end of the volume. Opportunities for 
further research in many fields con- 
tinually suggest themselves to the reader, 
for although old problems are now 
better understood new problems have 
appeared. 

The text, with few significant errors, 
is very readable. Some splendid photo- 
graphs are included—unfortunately none 
in colour—along with abundant, useful 
illustrations. A set of photomicro- 
graphs and a coloured geological map at 
1/125,000, with Kibo details at 1 /50,000, 
make the complete volume exceedingly 
good value for £6. N. J. Guest 
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deterministic Physics. By C. W. Rietdijk. 
Pp. xii--98.. (Van: Gorcum; Assen, The 
Netherlànds, 1973) 26 Dutch guilders. 


Tas book does not really serve a useful 
| purpose. One may agree with the author 
“that in many respects science is far less 
-tational and far more reactionary than 
< "one would wish it to be. As Planck put 
© itin his autobiography: "New ideas are 
finally accepted, not because their 
opponents are convinced of the correct- 
| ness of the ideas, but because they die 
out.” One can also agree with the 
<- author that the Copenhagen interpreta- 
tion of quantum mechanics. sometimes 
s greatly resembles a strong vested interest 
sS which by some of its adherents is 
defended with religious fervour. There 
_ have, however, been serious discussions 
-vof alternatives by eminent physicists, 
** such as De Broglie, Bohm, and Belin- 
> fante, and a book which carries the sub- 
< otitle "Towards the End of Indetermini- 
-stic Physics" should at least discuss such 
c attempts. Moreover, the discussion 
^! should take place in scientific journals. 
"As the author quotes what he feels are 
-objectionable statements by the estab- 
 lishment without giving references and 
as his arguments lack precision (for 
nstance; retardation effects due to the 
finiteness of the velocity of light are 
neglected in a relativistic discussion), I 
nd it very difficult to judge whether or 
not the author has made any significant 
contribution to this important discus- 
D. Ter Haar 
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i Electrical Breakdown in Gases. Edited 
by J. A. Rees Pp. ix+291. (Mac- 
millan: London and Basingstoke, 


THis book is comprised of a selection 
of twenty-five original papers (or 
extracts) surveying the subject of the 
ectrical breakdown in gases. The 
apers are conveniently divided into 
two sections. The first thirteen papers 
with the pre-breakdown conditions 
revailing in an initially uniformly 
ctrically stressed gap. The remainder 
deals; much less thoroughly, with a 
_ miscellany of topics including the later 
_ Stages of breakdown, breakdown in 
non-uniform fields, corona discharges, 
htning and laser induced breakdown. 
Most*researchers today feel inundated 
y the written word and I can feel 
only sympathy for the editor who 
attempts to sift out just twenty-five 
papers for special mention. The value 
of such a collection, however, is 
. crucially dependent on this*very sub, 
“jective selection. In my opinion the 
* * =e 
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8 chosen. array of papers. 
contributions of 
Interference: Towards the End of In- > 


beyond dispute and these are comple- 
mented by an interesting selection: of 


illustrative material to form «a. well - 


balanced whole. The second part of 
the book is more controversial. The 
editor has chosen to include a wide 
range of topics and, in so doing, has 
made it difficult to develop them in a 
convincing manner. Difficult perhaps, 
but not impossible; the four papers 
on lightning are, I think, most 
instructive. 

Though the selection of the contribu- 
tions must be the major concern of 
editor and reader alike, it is vitally 
important in such a volume to mould 
the various papers into some form of 
contiguous whole. Dr Rees attempts 
to do this by inserting brief introduc- 
tions to each paper. They are very 
brief and, in the first half of the book 
where the papers themselves have some 
continuity, I think adequate. But I 
found them insufficient to rectify the 
disjointed nature of some parts of the 
second half of this volume. To supple- 

-ment the material of this book, the 
editor has appended short lists of 
references for further reading. These 
occur frequently throughout the volume 
and are of considerable value. 

The success of such a collection 
depends on the purpose it sets out to 
fulfil. The editor feels that it should 
be of value to undergraduate and post- 
graduate students. There are several 
competing textbooks that seek to serve 
this same purpose and, in the task of 
learning the fundamentals of the sub- 
ject, they are, I have no doubt, to be 
preferred. However, that is not to deny 


the interest that this book may 
engender. The student (as well as his 
mentor) usually meets the ideas 


expressed in this book in a mature 
form, well polished by constant repeti- 
tion: certainly it is stimulating to recall 
the original in its more basic state. 
In a world in which time is not easy 
to find, however, I suspect that this 
book will be read as a pleasurable 
leisure-time activity more than as a 
utilitarian introduction to the subject. 
R. M. BULL 


Probability 


An objective Theory of Probability. 
By D. A. Gillies. Pp. x +250. (Methuen: 
London, May 1973.) £3.50. 


THE author clearly expresses the aim of 
this book at the beginning of his 
preface: "To present a philosophical 
theory of prpbability which can best be 
considered as a devélopment of von 
* Mises’ views. I am ensifely in agreement 
with von Mises i in regarding probability 
theory asa mathematical science similar 


"The classical < 
such authors as — 
Townsend, Raether and. Meek ares 





probability S 
measurable concept similar to mass ai n 


charge. In this sense I am presenting an - 


objective theory of probability—as 


opposed to 
accounts.” 

The “subjective or logical” approach 
also of course has its adherents, for 
example, Harold Jeffreys or Bruno de 
Finetti; and the author discusses the 
rival traditions in the introductory chap- 
ter. He then, in part 1, develops 
Mach's operational approach to scien- 
tific concepts, spending perhaps rather 
excessive time, in a book on probability, 
on physical concepts such as force and 
mass. Part 2 contains the systematic de- 
velopment of "objective probability" as 
aneinajogous concept, with an axiomatic 
superstructure designed with the rela- 
tion with observed frequencies in mind. 
While modern developments in the 
study of random. sequences, for ex- 
ample, by Kolmogorov and Martin-Lóf, 
are referred to, the author seems to 
adopt a point of view commonly held, 
associating the probability concept with 
a hypothesis of randomness. Whether 
probabilities can be usefully assigned to 
single events (Karl Popper's propensity 
theory, or Eddington's "localization of 
probability") is considered a somewhat 
secondary issue. 

In part 3 the author faces the prob- 
lem which this approach, as distinct 
from the alternative tradition, inevitably 
raises (it is not automatically to be 
condemned for that, or other scientific 
concepts. would. be similarly con- 
demned): if the so-called objective 
probability is in part a hypothetical con- 
cept, how do we justify making use of 
it? He appeals to the “hypothetical- 
deductive approach” represented by 
Karl Popper and E. B. Braithwaite, in 
which scientific hypotheses are set up to 
be falsified rather than established. The 
special difficulty, that statements in- 
volving probabilities can never be 
strictly falsified, is discussed at some 
length (chapters 8, 9, and 10), with some 
final comments on the status of the 
Neyman-Pearson theory of testing 
hypotheses, as the author sees it. In spite 
of some sympathy with the author's 
general standpoint, I found this part 
of the book somewhat inconclusive 
reading. The book, as a whole, how- 
ever, is very readable; even if it.is un- 
likely to resolve so longstanding a con- 
troversy as to how probability should 
be used in science, or to justify the claim 
(see wording on the paper jacket) that 
“the book presents a new. and rival 
theory of probability”, the reader 
should have more. understanding of 
probability after he has read the book 
than he did before. Past experience with 
other works on probability suggests that 
one should not expect more than this. 

M. S. BARTLETT 
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PHYSICS 


Problems in Optics 
M Rousseau Faculty of Science Rouen 
J P Mathieu Faculty of Science Paris 


A collection of prablems and solutions on all aspects of physical optics, starting at a fairly 
elementary level and progressing to more complex questions on quantum mechanics and atomic 
and molecular spectra 


CONTENTS Table of principal physical constants, Interference, Electromagnetic optics, 
Emission and absorption, Birefringence, Diffraction, Refraction and dispersion, Quantum 
mechanics, Atomic and molecular spectra 


376 pages £6.00 hard cover October 73 





































Men of.Physics: Benjamin Franklin 
R J Seeger The George Washington University 


Describes the life and work of Benjamin Franklin and includes accounts of his scientific 
experiments and extracts from his scientific letters 


CONTENTS His life, Philanthropic printer, Ingenious natural philosopher, Colonial patriot, 
American sage, Chronology, His scientific letters, Hot and cold, Water ways, Amber and glass, 
Air ways, Handrwork, Creator of the universe 


200 pages £2.50 hard cover Winter 73 


Wave Mechanics and its Applications 
P Gombas, D Kisdi Technical University of Budapest 


The first part of this book deals with the foundation of quantum theory in a fairly elementary 
way and thus serves as an introduction for the second part, which deals with the detailed 
solution of numerous problems in wave mechanics 


CONTENTS Experimental bases, Bohr's atomic model, The elements of wave mechanics, 
Simple examples of the solution of the Schrodinger equation , Scattering problems, The 
simplest approximate methods and their application 


250 pages £3.50 hard cover Winter 73 


Progress in Ouantum Electronics 
Volume 3 Part 1 
Editors: J H Sanders Unversity of Oxford 

. S Stenholm Technical University of Helsinki 


CONTENTS Three-level gas systems and their interaction with radiation, A three-level gas 
system in an electromagnetic field, The line-shape of the stimulated emission with a stong 
field at the coupled transition frequency, Double-quantum processes and the dynamic Stark 
effect for Doppler broadened transition frequency , Experimental studies of non-linear 
phenomena in the resonant interaction of light with three-level systems, Spectroscopic 


4, applications, The three-level gas laser and amplifier 





e Pergamon books are available from yotr*usua! bookseller or in case of difficulty, from 
Pergamon Press Ltd, Headington Hill Hall, Oxford OX3 OBW 
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| Ihe language of science 

Just published 
Thermophysical 
Properties Research 


Literature Retrieval Guide 
Supplement I . 


(Covering the years 1964-1970) 





Editor-in-Chief: Y. S. Touloukian 
Technical Editor: J. Koolhaas Gerritsen 
Managing Editor: W. H. Shafer 
Thermophysical Properties Research Center 
Purdue University, Lafayette, Indiana 


Supplement I, together with the three-volume basic edition published ın 1967, provides an 
up-to-date authoritative reference. Covering the years 1964 to 1970, the 2200 page 
Supplement I adds 26,000 references, increasing the total number of substances reported 
to 52,000 Each of the six volumes treats a special class of materials 
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Organic Compounds and Polymeric Materials . . . . 264 pages £21.00/$52.00 
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Alloys, Intermetallic Compounds and Cermets 390 pages  £23.35/$57.50 
Volume 4 
Oxide Mixtures and Minerals ‘ e . . 242 pages £21 00/$52.00 
Volume 5 
Mixtures and Solutions : : a ee. Si 298 pages £21.00/$52.00 
Volume 6 
Coatings, Systems, and Composites. ; . 270 pages £21.00/$52.00 
z ° Total number of pages 2200 
SPECIAL SET PRICE: £128.50/$316.50 : 
Special Pre-Publication offer sot price £114.50/ $282.00 (Available until December 31st 1 973) 
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Feeding the World 


Faiming and Food Supply The Inter- 
dependence of the Countryside and 
Town By Sir Joseph Hutchinson 
Pp x-146 (Cambridge University 

London, June 1972) £3 


World Agncultue in Disaiay By D 
Gale Johnson Pp 304 (Macmillan 

London and Basingstoke , St Martin's 

New York, March 1973) (Published in 
association with the Trade Policy Re- 
search Centre, London) £350 cloth, 
£1 25 paper 


THESE are two important but sharply 
contrasting books At a time when 
doubts are being voiced about the pro- 
ductive potential of world agritultüre 
and when international prices of agri- 
cultural products have swung sharply 
upwards to unprecedented levels, it 1s 
necessary to keep in perspective the 
issues affecting world food supplies, as 
well as the relationship between the 
development process in less developed 
countries and international trade in 
agricultural products Both of these 
books are especially relevant although 
the central message of each differs 
sharply from the other 

In his book, Sir Joseph Hutchinson 
refines and develops a series of lectures 
given by him when he was Drapers 
Professor of Agriculture at Cambridge 
He has drawn on his long experience 
as an agricultural scientist and plant 
breeder particularly ın Africa, south of 
the Sahara, and later in Britain and 
India, to discuss tite technical basis, as 
well as the social and economic signi- 
ficance, of agricultural systems ın those 
countries with which he is closely 
familiar He starts by tracing the his- 
tory of agricultural processes, analyses 
the physical and biological constraints 
on farming, and looks at farming 
systems in Britain, Africa and India 
In all of this there will be much to learn 
for most readers, especially those not 
familiar with the processes of farming 

In the final section of the book, a 
strategy for agriculture and for feeding 
the people is suggested This section 
represents more of a personal philo- 
sophy concerning the promotion of a 
more vigorous and effective rural 
economy with agriculture playing the 
central role in ıt It ıs the section 
where some readers, with the experience 
of high income countries 1n mind, may 
find it difficult to accept the conclu- 
sions 

Using the British pattern of develop- 
ment as a model, the author shows how 
agricultural productivity increased as a 
result both of the adoption of new 
technologies and the shedding of labour 
to other industries as they devel8ped 
At the same time, as agriculture became 
more productive, it became possible to 
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feed an increased population Such a 
process ıs seen as inevitable in the poor 
and less developed countries, although 
industrialization in the Western sense 
as not necessarily envisaged Rather, a 
new balance 1s advocated for rural com- 
munities between farming and crafts, 
local industries and services More- 
over, a pessimistic view 1s taken about 
the contribution to development from 
any enlargement of world trade He 
writes, "Supply and demand for food is 
à loca] matter " Others might say that 
this situation is coming about anyway 
as a result of highly restrictive agricul- 
tural policies in the richer industrial 
countries of the world so that impor- 
tant sources of income are denied 
to poor primary-producing countries, 
thereby impeding their economic 
development 

This is one of the main themes of the 
volume by Professor Gale Johnson who 
is a Professor of Economics at the 
University of Chicago and one of the 
foremost of the agricultural economists 
in the USA In this book he examines 
such topics as the nature of agricultural 
change, agricultural policies in indus- 
tria] countries and their effects on trade, 
and food production and needs in 
developed and developing countries 
Throughout the book he develops 
strong and well-supported arguments 
against the nature of contemporary 
policies for agriculture in the developed 
countries, given the nature of the 
demand for food in richer countries 
and the high cost of much of the pro- 
duction encouraged by such policies in 
terms of resource use as well as 1n cost 
of products to the consumer or tax- 
payer 

Essentially the book ıs concerned 
with the conflict between domestic agri- 
culture policies and trade policies 
Given the importance most govern- 
ments attribute to the enlargement of 
international trade as a means of 
achieving economic expansion, in both 
industrialized and less developed coun- 
tries, Professor Johnson shows how 
such an objective ıs impeded The pur- 
suit of autarchic agricultural policies 
encourages farm production to the 
point of recurring surplus This pro- 
duction causes considerable disruption 
to trade and leads to barriers being 
raised to restrict trade in agricultural 
products Such moves are generally 
against the national self-interest of the 
countries concerned as well as the inter- 
national intention to encourage develop- 
ment in the poorer countries Speaking 
of the failure of many farm policies the 
author concludes “Thee efforts to 
achieve appropriate objectives by ın- 
appropratg mean® results ın massive 
interference with international trade 
and a significant diminution of the con- 
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tribution that agriculture could make 
to the welfare of people everywhere ” 
The author goes on to suggest that 
much international trade negotiation 
today deals only with the symptoms of 
these policies—tariffs, Import quotas 
and other restrictions to trade Instead, 
such negotiations should deal with the 
underlying causes of these various 
restrictive devices and establish guide- 
lines to help to liberalize trade in farm 
products 

Whether such an objective can be 
attained at a time when trade relations 
are as disturbed as at present between 
the major industrial groups of nations, 
as well as with the Third World, is for 
conjecture What is beyond argument 
is that Professor Johnson makes a 
challenging case against prevailing 
agricultural policies of industrial coun- 
tries Unless steps are eventually taken 
to ameliorate the situation, then Sir 
Joseph Hutchinson’s pessimism about 
the contribution to development to be 
expected from expansion of international 
trade 1s likely to prove well founded 

JOHN ASHTON 


Portrait of a Protozoan 


Blepharisma The Biology of a Light- 
sensitive Protozoan By Arthur C 
Giese Pp x+366 (Stanford Uni- 
versity Press Stanford, California, 
Oxford University Press London, 
July 1973) £875 


Ever since the cracking of the genetic 
code, molecular biologists have been 
looking for fresh worlds to conquer 
There has been a trend away from the 
former excessive concentration on bac- 
teria and viruses One group of organ- 
isms which have attracted interest as 
research material are the protozoa, the 
study of which, needless to say, has 
always had a long and respectable 
history in certain departments of zoo- 
logy 

Restricting ourselves to one group— 
the ciliates—the most extensively studied 
genera are Paramecium (especially for 
genetics, though mainly of a rather un- 
orthodox, non-Mendelian type), Tetra- 
hymena (especially for nutritional bio- 
chemistry), Stentor (for morpho- 
genesis), and now Blepharisma, the 
subject of this book 

Blepharisma 1s a very large cell, 
ranging from 50 um to 450 um in differ- 
ent specees (some cannibalistic forms 
attaining 750 um), swims slowly*around 
in the water, and has very intricate 
surface structures, as revealed by the 
elabojate patterns of ciliary basal bodies 
or kinetosomes It has striking powers 


' of regeneration following injury or 


excision of parts, and is therefore very 
amenable to mucrosurgical manipula- 
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New Books from 


Blackwell 


Biogeography: An Ecological and 
Evolutionary Approach 

C Barry Cox PH D, Jan N Healey PH D 
and Peter D Moore pH D 1973 192 pages, 
80 illustrations Paper, £3 00 


Plant Tissue and Cell Culture 
Botanical Monographs, Volume 11, edited 
by H E Street psc (Lond) October 1973 
512 pages, 175 illustrations £12 50 


Cells, Organs and Animals: An 
Approach to theBasic Medical Sciences 
J A SharpM B CHB PHD 1973 128 pages, 
68 illustrations Paper £2 50 


Essays in Fundamental Immunology: 1 
Edited by Ivan Roitt MA psc (Oxon) 
MRC PATH 1973 80 pages, 12 illustrations 
Paper, £1 50 


The Biology of Brains 
Edited by W B Broughton December 1973 
240 pages, 20 illustrations About £5 00 


Practical Genetics 

Edited by P M Sheppard MA DPHIL 
FRS December 1973 344 pages, 28 illus- 
trations £8 50 


Insect Population Ecology 

G C Varley MA PHD, G R Gradwell 
M A and M P HassellM A D PHIL December 
1973 192 pages, 50 illustrations Paper, 
about £2 75 


Algal Physiology and Biochemistry 
Botanical Monographs, Volume 10, edited 
by W D P Stewart PHD psc December 
1973 960 pages, 75 illustrations £15 50 


Biology in Pest and Disease Control 
Thirteenth Symposium of the British Eco- 
logical Society, edited by D Price Jones 
MSC PHD FIBIOL and M E Solomon 
Msc FIBIOL Early 1974 272 pages, 23 
illustrations £6 50 


Quaternary Plant Ecology 

Fourteenth Symposium of the British Eco- 
logical Society, edited by H J B BirksM A 
PHD and R G West MA PHD FRS 
October 1973 256 pages (oblong) 144 
illustrations £13 00 


Two new journals 


Journal of Immunogenetics 

Published bimonthly at £15 00 ($50 00) per 
annum post free Volume 1, Number 1 
January 1974 


Journal of Biogeography 

Published quarterly at £10 00 ($30 00) per 
annum post free Volume 1, Number 1, 
March 1974 





Blackwell Scientific Publications 
Oxford London Edinburgh Melbourne 


tion. These advantages have been 
thoroughly exploited by Dr Giese and 
his colleagues, and a great deal of know- 
ledge about differentiation has been 
obtained Put very roughly, control of 
differentiation comes from two sources 
(1) the macronucleus, and (2) various 
regions of the surface itself It is very 
curious to read how the behaviour of 
the macronucleus ts affected by surface 
manipulations, through the operation of 
some unknown feed-back mechanism 

Attempts are made to provide a 
theoretical basis for these processes, in 
current molecular biological terms, but 
these are at the moment somewhat 
Speculative, and do not seem to have led 
to any fundamentally new ideas, either 
in molecular biology or in develop- 
mental biology 

The core of the book 1s the part deal- 
ing with morphogenesis, but there are 
many other interesting sections—such 
as those dealing with the ability of 
Blepharisma to regulate its physiolo- 
gical state in response to changes 1n the 
external medium, cannibalism, encyst- 
ment, and to the consequences of a pig- 
ment “blepharismin”, rendering the 
organism sensitive to light, and making 
possible study of photodynamic pheno- 
mena Notably absent 1s any informa- 
tion on genetics, because, according to 
the author, of the fact that nobody has 
yet succeeded 1n producing conjugation 
at will 

The book also provides chapters on 
morphology, ecology, taxonomy and 
other background topics Least satis- 
factory 1s the section dealing with the 
alleged self-duplicating properties of 
kinetosomes 

Any biologist wishing to turn his 
attention to an organism having great 
potential value ior new discoveries 
should have a look at this book 

G. H BEALE 


Melanocytes 


Pigment Cell Volume 1. Mechanisms 
ın Pigmentation Edited by V J 


McGovern and P Russell (Series 
Editor Vernon Riley) Pp xiv+414- 
(Karger Basel, Munchen, Paris, 


London, New York and Sydney, 1973 ) 
£15 45 


THIS volume contains the papers pre- 
sented at the Eighth International Pig- 
ment Cell Conference, held in Sydney 
in March 1972 The first conference 
was held in 1946, and these meetings 
were organized by Myron Gordon until 
his untimely death in 1959 It ıs 
remarkable that such an, International 
Pigment Cell Group should have sur- 
vived so long in the absence of formal 
organization The papers read at pre- 
vious conferences have been published 
by a variety of publishers, and *in 
different formats, but it has! now been 
agreed that futüre proceedings should 
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be published in a uniform series, of 
which the book under review constitutes 
volume 1 

It may be asked, what makes pigment 
cells so interesting? The most con- 
spicuous product of melanocytes 1s 
melanin, which acts as a protective 
screen against ultraviolet radiation, 
although its colour may not be so attrac- 
tive as the pigment of green plants 
Although apparently very stable chemi- 
cally, ıt may well be that melanin 
possesses other functions, which are not 
yet understood Moreover pigment 
cells are also useful as models for study- 
ing universal cellular activity 

Present day knowledge of the func- 
tioning of pigment cells has been 
attained through attack on the problem 
byea gange of workers representing a 
wide spectrum of scientific disciplines, 
going all the way from organic chemists 
to clinicians, the latter including patho- 
logists, dermatologists, and surgeons 
Between these extremes lie studies in 
biochemistry, enzymology, physiology, 
pharmacology, cytology, genetics, and 
embryology, and considerable use has 
been made of electron microscopy For 
this reason it 1s appropriate that papers 
related to the pigment cell should be 
published together in one place 
Indeed a newcomer to the field would 
find it difficult to obtain an introduction 
mto it except through this (and earlier 
volumes) The book presents the latest 
views of many authorities, and by 
following up the references given, earlier 
reviews and original papers will be 
easily located 

The present volume carries the sub- 
title “Mechanisms in Pigmentation”, 
and about half of the fifty-one papers 
are related to morphological and 
physiological aspects of pigmentation 
A considerable amount ıs now known 
about the control of the degree of 
melanin pigmentation in the skin, in 
which melanocytes and keratinocytes 
form a cooperative system, designated 
as the epidermal melanin unit The 
melanocyte’s contribution begins with 
the synthesis of melanosomes, and the 
oxidation of tyrosine to melanin In 
the past the latter has been considered 
to be catalysed by tyrosinase, although 
one paper presents evidence to suggest 
that peroxidase may ebe involved in 
some cases  Melanogenesis is under 
hormonal control Later the pigment 
granules are transferred from melano- 
cytes to keratinocytes A number of 
papers discuss the inter-relationship 
between melanocytes and keratinocytes 
in skin and hair, the chemistry of 
melanin, and the metabolism of tyro- 
sine, while others deal with the role of 
cyclic AMP and various inhibitors and 
activators of melanogenesis 

The remaining half of the papers are 
concerned with human melanoma, 
including immunological aspects, the 
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Books from The Butterworth Group 


Fundamentals of Fracture Mechanics 
J. F. Knott, BMet, PhD, AIM 


As an explanation of the theoretical basis of fracture mechan- 
ics and of its practical applications, this book will be of great 
value not only to those metallurgists and engineers who are 
striving to produce stronger and more durable constructions 
and materials, but also to designers, testers, inspectors and 
insurers, who will, in the near future, be faced with the 
problems of understanding and appreciating these values 
The text deals mainly with macromechanics of fracture, but 
consideration is also given to microscopic aspects, particu- 
larly with regard to the use qf medels which are devised to 
show why cracks propagate and voids coalesce at particular 
stresses and strains 


1973 286 pp, illustrated 0 408 70529 9 £7 50 


An Introduction to Chemical 


Nomenclature 


4th Edition 


R. S. Cahn, MA, DrPhilnat, FRIC 


Based on the universally accepted IUPAC nomenclature 
rules, this volume presents an up-to-date introduction to 
inorganic and organic chemical nomenclature, explaining 
principles rather than merely reproducing formal rules 


For this fourth edition, the whole text has been revised and 
largely rewritten A detailed description of the latest 
IUPAC inorganic nomenclature rules has been included and 
the sections on organic chemistry have been expanded to 
include new legislation 


1973 144 pp , ased 0 408 70523 X £3 50 
lmp 0 408 70524 8. £l 80 


Wave Mechanics — The First Fifty Years 


Editors: William C. Price, ScD, FRS 
Seymour S. Chissick, BSc, PhD, FRIC 
Tom Ravensdale, BA 


This volume of reviews by distinguished scientists has been 
published to mark the fiftieth anniversary of the discovery of 
the wave nature of electrons by Louis de Broglie 


A few of the articles are historical but the majority review 
topics which are at the frontier of studies on the nature and 
function of electrons in matter, and the theoretical and 
experimental techniques developed for their explanation 
They provide a perspective and a guide to the literature 
relevant to the branches in which major developments are 
presently taking place 


1973 450 pp, illustrated 0 408 70509 4 £12 00 


Medicinal Chemistry 


Special Contributions — Milan, 1972 
Edited by Professor P. Pratesi 


Specially invited. lectures from the Third International 
Symposium on Medicinal Chemistry, held in Milan, 13-15 
September, 1972 The main lectures from the Symposium 
are published separately, far the International Union of Pure 
and Applied Chemistry 


CONTENTS The Streptomyces DD-Carboxypeptidase-trans- 
peptidase System as a Model for the Study of Penicillin Action 
The Development of New f-lactam Antibiotics On Dista- 
mycin A and Related Compounds, Selective Antiviral Agents 
Analogues of Cyclic AMP and Their Biological Actions 
Bioisosteres of the Indole Messengers Synthesis and Biological 
Properties of S-Peptide Analogs The Use of Molecular 
Orbital Calculations as an Aid to Understanding the Activity 
of some Styrene Based Herbicides An Example of the Ap- 
plication of Quantitative Structure-Activity Relationship 
Structure-Activity Relationship in a Series of Compounds 
Related to Diphenhydramine  Structure-Activity Corre- 
lations of Sulfonamides in Cell-free Systems Compared to 
Correlations Obtained in Whole Cell Systems and in vivo 


1973 160 pp , 0 408 70542 6 £3 50 


IUPAC. Medicinal Chemistry — Ill 


(Milan, 1972) 
Edited by Professor P. Pratesi 


The main lectures from the Third International Symposium 
on Medicinal Chemistry, held in Milan, 13-15 September 1972 


CONTENTS The Mechanisms of Selectivity and Action of 
Protein Synthesis Inhibitors The Significance of D-alanyl and 
D-alanine Termini in the Biosynthesis of Bacterial Cell Walls 
and the Action of Penicillin, Vancomycin and Ristocetin 
Inhibitors of the Transcribing Enzymes Analogues of Cyclic 
AMP and Their Physiological Response Principles of Neuro- 
chemistry and Drug Screening Procedures in Neuropsycho- 
pharmacology Active Polypeptides of the Amphibian Skin 
and Their Synthetic Analogues Some Biological Applications 
of Regular Solution Theory The Prediction of Molecular 
Conformation as a Biologically Significant Property 


1973 176 pp, illustrated 0 408 70538 8 £4 90 or $14 70 


IUPAC. Control of Mycotoxins 


(Goteborg, 1972) 
Edited by P Krogh 


These are the special lectures presented at the symposium 
on the control of mycotoxins held at Goteborg, Sweden on 
the 2lst and 22nd of August, 1972 The papers cover subjects 
relevant to storage conditions of food and analysis of toxins 
in foods, and will be of interest primarily to food technolo- 
gists and those involved in food processing, packaging and 
handling 


1973 116 pp, illustrated 0 408 70536 1 £3 25 or $9 75 


North American agents for IUPAC titles are Crane, Russak and Co Inc , 52 Vanderbilt Aveune, New York, NY 10017 


———————————————iÀ 


Obtainable through any bookseller or from 
. 


The Butterworth Group 88 Kingsway, London WC2B GAB 
° e Showroom and trade ceunter: 4-5 Bell Yard WC2 
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Chemistry and Biochemistry of Herbage Volume 3 


edited by G. W. Butler and R. W. Bailey 
December 1973, xvi-+-296 pp., £6.00 
0 12 148103 4 


Here is the final volume in this comprehensive treatment on the chemical composition of the herbage of the 
world’s grasslands, and the factors which influence changes in herbage composition 


Contents Drying and storing herbage as hay The ensilage process Leaf protein as an animal and human food- 
stuff Salient features of the digestion of pastures by ruminants and other herbivores, The feeding value of 
herbage Laboratory methods of evaluating feeding value of herbage Limitations to the productivity of the 
herbage-fed ruminant that arise from the diet Concluding remarks Author index Subject index Index of 
herbage species Glossary of common names 


Annual Reports on NMR Spectroscopy Volume 5B 


edited by E. F. Mooney 
November 1973, approx. 330 pp., approx. £6.50 
0 12 505345 2 


Volume 5B of Annual Reports on NMR Spectroscopy ıs devoted to a review by Dr G Mavel of NMR studies of phos- 
phorus compounds (1965-1969) The work indicates many earlier problems which have now been solved, in 
particular those dealing with phosphorus coupling constants and the relationship of these J values to the 
hybridisation of phosphorus and molecular geometry 


European Monographs in Social Psychology 4 
Series editor: H. Tajfel 


Social Communication and Movement 


Studies of Interaction and Expression in Man and Chimpanzee 


edited by M. von Cranach and I. Vine 
November 1973, approx. 490 pp., £8.50 
0 12 724750 5 


This volume brings together a representative selection of original papers by European psychologists and etholo- 
gists involved with the underdeveloped area usually known as ‘nonverbal communication’ The editors believe 
that the chapters will help to provide the broad foundation upon which a comprehensive theory of face to face 
Interaction can be built Psychologists, ethologists, sociologists and anthropologists should find the book valuable 


Multivariate Analysis and Psychological Theory 


The proceedings of the Third Banff Conference on Theoretical Psychology held at 
Banff, Alberta, Canada in September and October 1971 


edited by Joseph R. Royce 
November 1973, xvi--568 pp., £8.20 
0 12 600750 0 


Behaviour, especially human behaviour, must surely be the most complex system of events to come under 
scientific surveillance This volume is concerned with a multivariate approach to the subject, and aims to provide 
à comprehensive statement on the theoretical implications of multivariate analysis in psychology The contribu- 
tors believe that there has been insufficient awareness among psychologists of the potential for multivariate theory 
and this book was stimulated by their concern about the present multivariate-theoretic vacuum hopefully, it will 
provide a platform upon which to butld 
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Research Techniques in Nondestructive Testing Volume 2 


edited by R. S. Sharpe 

November 1973, approx. 480 pp., approx. £9.50 

0 12 639052 5 : 
Further research papers are brought together in this second volume edited by R S Sharpe 


Contents Proton radiography Information theory applied to radiography Computer and optical processing of 
pictures Electroluminescent storage and display panels for radiography Magnetic flux analysis techniques Eddy 
current test for tubing flaws in support regions Optical holographic interferometry Non-coherent optical 
techniques for surface survey Vibration monitoring Means of visualizing ultrasound The reduction and display 
of ultrasonic data Ultrasonic image synthesis Electromagnetic generation of ultrasound Author index 

Appfications index 


For a descriptive leaflet on any of the above titles, please write to the publishers 


Academic Press: TUM and New York i 


A Subsidiary of Harcourt Brace Jovanovich, Publishers 


24-28 Oval Road ° * tlt Fifth Avenue, New York 
London NWI, England iy NY 10003, USA As 
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Biology of the Reptilia Volume 4 


Morphology D 


Series editor Carl Gans 


Co-editor for this volume Thomas S. Parsons 
November 1973, approx. 530 pp., approx. £10.50 


This multi-volume treatise presents a comprehensive review of the class Reptilia 


Contents Editor's preface The girdles, limbs and their muscles in turtles Head muscles of turtles and croco- 
dilians The skull of crocodilians The skull of fossil crocodilians Muscles of the jaws and associated structures in 
the Rhychocephalia and Squamata Author index Subject index 


Essays in Biochemistry Volume 9 


edited by P. N. Campbell and F. Dickens 
November 1973, xu-- 178 pp., £2.40 
0 12.158109 8 


e e. 
Each essay in this well established series presents an overall view of one aspect of biochemistry, indicating its 
origin, present status and likely development 


Contents The use of mutants of Escherichia coli K12.in studying electron transport and oxidative phosphorylation 
The protein thiotemplate mechanism of synthesis for the peptide antibiotics produced by Bacillus brevis Mam- 
malian messenger RNA — Prochirality in biochemistry Author index Subject index 


Essays in Physics Volume 5 


edited by G. K. T. Conn and G. N. Fowler 
November 1973, x 4-224 pp., £3.00 
0 12 184805 1 


This well-established and highly acclaimed series has proved of great value to all physicists from third-year 
students and postgraduate research workers upwards The diversity of its coverage is well illustrated by the 
contents of this volume 


From a review of a previous volume 
‘Excellent . should prove a very welcome addition to any physics library.’ Search 


Contents Lunar science Physics of planetary interiors Critical phenomena Multiplex spectrometry 


Advances in Drug Research Volume 7 


Series editors N. J. Harper and Alma B. Simmonds 
November 1973, viii--232 pp., £5.50 
0 12 013307 5 


In Volume 7 of this important series, intensive, world-wide research of recent years on penicillin antibiotics 1s 
brought up-to-date by a chemist from Beecham Research Laboratories Fibrinolysis, the less well-known part 
of the coagulation-fibrinolysis system, may be of importance in occlusive vascular disease and inflammatory 
disorders The work wrth drugs described here by a clinician demonstrates the therapeutic promise of fibrino- 
lytic agents Whether cannabis, LSD-25 and other psychotomimetic agents actually produce the same effects 
as those occurring in natural psychoses is a moot point, a pharmacologist here reviews the biochemical and 
pharmacological effects of some representative members of the various types 


Advances in Marine Biology Volume II 


Series edited by Sir Frederick S. Russell and Sir Maurice Yonge 
November 1973, x 4-278 pp., £7.00 

012026111 1 

The present volume comprises four articles of diverse but considerable contemporary interest 


Contents The cellular interactions of algal-invertebrate symbiosis Respiration and feeding in copepods Para- 
sites and fishes in a deep-sea environment — Flotation mechanisms in modern and fossil cephalopods Author 
index Subject index Taxonomic index Cumulative index of authors Cumulative index of titles 


Academic Press London and New York . 


A Subsidiary of Harcourt Brace Jovanovich, Publishers : 
24-28 Oval Road 111° Fifth Avenue, NewYork s zs 
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New undergraduate 
texts 


Comprehensible Biochemistry 


M D Yudkin and R Offord 
The vast quantity of information avail- 
able on biochemistry poses formidable 
problems for the student, so the authors 
of this new textbook have aimed at 
comprehensibility rather than comprehen- 
siveness. This account will provide the 
student with a sound understanding of 
the foundations of biochemistry 

Cased £4 95 
Textbook of Theoretical Botany Vol 4 
R C McLean and W R Ivimey-Cook 
This series of books covers the study of 
botany from every point of view, serving 
as a general text and basıs for the student. 
Written ın a clear and lucid manner this 
volume is divided into two parts 
Principles of Plant Ecology and Principles 
of Plant Geography. Cased £12.00 


Plant Physiology 5th Edition 

M Thomas, S L Ranson and 

J A Richardson 

This new.edition will ensure that the 
book will retain its reputation as one of 
the most comprehensive and reltable 
textbooks available on the subject It 
covers the ground relevant to students of 
the subject, within the context of a 
broadly based course in botany or 
biology Cased £7 95 


Tables of Physical and Chemical 
Constants 14th Edition 

G W C Kaye and T H Laby 

A classic reference work with extensive 
tables of conversion factors from older 
systems into SI Units Parts of the book 
have been completely rewritten, while 
others have been revised and updated 
New sections have been included 
Publication: November Cased £3 95 
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Forces and 


Particles 


An Outline of the Principles 
of Classical Physics 


A. B. Pippard 


By developing the central ideas of classical 
physics from an experimental rather than a 
mathematical point of view, this book stresses 
the common soil from which so many varied 
applications have ‘sprung, and helps the 
student to see how' ideas from one field can 
illuminate another The treatment ts taken to 
the point where the limitations of classical 
concepts become apparent, and brief accounts 
are given of the way in which quantum 
mechanics and relativity set out to enlarge the 
compass of physics At every stage there are 
references to more specialised treatment 


£5.75 


Macmillan 


Drugs Resistance 
and other 
Bacterial 
Plasmids 


G. G. Meynell 


This book first shows how different types of 
plasmid were noticed and then goes on to 
the physical structure of their chromosomes, 
their manner of replication and how they 
act to bring about conjugation and other 
processes they determine Although the 
treatment is primarily biological, the practical 
scope of the subject, as regards both 
laboratory techniques and the implications 
for human and animal medicine, have been 
kept tn mind by including. appropriate 
references 


about £4.95 


Maemillan 
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biochemical manifestation of melanoma 
in blood and urine, experimental 
pharmacology, and the epidemiology of 
melanoma, including variation in ethnic 
and geographical incidences 

The book ıs excellently produced and 
can be warmly recommended to all 
those wishing to obtain an understand- 
ing of the pigment cell 

G A SWAN 


Electromyography 


New Developments in Myography, 
Electromyography and Clinical Neuro- 
physiology Edited by John E Desmedt 


Vals 1-3 Pp xxvu--2094 (Karger 
Basel, London, New York and 
Munchen, 1973) Sw _ francs 600, 
£76 20, $186, DM 560 2 


Tuis work is a collection of papers 
originally presented at the Fourth 
International Congress of Electromyo- 
graphy in Brussels in 1971, supple- 
mented by others written subsequently 
to make the coverage of the subject 
more complete In a monumental work 
of editing, Professor Desmedt has 
brought together 168 papers and has 
achieved this quickly enough to ensure 
that the material is still quite fresh 

Volume 1 starts with several papers 
on new concepts of the motor unit 
Much of this ıs concerned with the 
correlation of histochemical fibre type 
with physiological properties Real 
advances in this field are evident now 
that microanatomical and physiological 
studies are being done together in the 
same laboratories The glycogen 
exhaustion technique of Kugelberg and 
Edstrom has cite Paar here in show- 
ing that the fibres of a unit are widely 
dispersed but all of the same type The 
concept of subunits revealed by features 
of the normal electromyograph is now 
abandoned, though the idea finds new 
application in the abnormal type group- 
ing occurring after partial denervation 
As this new understanding of the motor 
unit develops, caution is needed in the 
rigid classification of unit types The 
objective basis for specifying them 1s 
not yet well defined in quantitative terms 
and one wonders how general the 
scheme evolved by Burke of three 
distinct types will prove to be The 
difficult problens of order of recruitment 
of different units 1n. voluntary contrac- 
tions has been tackled by Warmolts and 
Engel by open muscle biopsy combined 
with electromyography It appears 
that the large, fast, ATPase-rich units 
can only be activated by brief strong 
efforts, though it ıs questionable 
whether this means that such units are 
not accessible to really strong mam- 
tamed contraction 

As there ıs no general discussion of 
papers recorded from the congress it 1s 
a pity that the editor has not provided 
some comment on apparently conflict- 


ing accounts Many readers would have 
appreciated some enlightenment on the 
confused fibre type nomenclature Did 
the apparent assumption by McComas 
and his colleagues of unit size and type 
homogeneity in their human muscle 
studies go unchallenged? Did Engel 
and Warmolts, who have otherwise 
made such valuable contributions, 
escape unscathed after their presentation 
of their ideas on diseases affecting the 
motor unit "in portio or in toto"? 

Two papers by Stalberg and Ekstedt 
are of outstanding interest in giving data 
obtained with the single muscle fibre 
technique It 1s now possible to under- 
stand the microphysiology of the normal 
unit much better and, in disease, to 
decide whether fibres 1n a unit are in- 
active due to defects in the fibre itself, 
the neuromuscular junction or in the 
terminal nerve branches This tech- 
nique 18 sure to become more widely 
applied and ts already giving new 
information on muscle conduction 
velocity and on the F response (volume 


3) 


In recent years, a number of methods, 
which at first sight seem only suited to 
animal experiments, have been applied 
to human material The advances 
which can result are well shown in the 
article by Elmqvist on transmission 
defects studied in human intercostal 
muscle biopsy specimens The applica- 
tion of such results 1s obvious in the 
succeeding long and scholarly paper by 
Desmedt on myasthenia The first 
volume continues with some not very 
illuminating articles on kinesiology but 
ends on a happier note with useful 
exploration of ways of analysis of 
electromyograph data and changes in 
fatigue 

Volume 2 starts with a collection of 
papers on nerve conduction, studied 
both with the now conventional tech- 
niques and using the highly refined 
averaging methods of Rosenfalk and 
Buchtal and the application of cerebral 
evoked potentials by Desmedt and his 
colleagues The muicro-neurographic 
technique makes a contribution in two 
papers on single unit studies of human 
skin receptors, while for single motor 
fibres, Bergman describes his ingenious 
finely graded stimulation method There 
follows a series of clinically orientated 
papers on the application of conduction 
velocity studies, showing how useful 
even such an apparently simple objec- 
tive measurement can become in clinical 
neurology, when it is properly made 
and understood I feel that the papers 
on EMG studies of sphincters seem to 
make the corfVerse point 

The final section devoted to automatic 
EMG analysis With computers is dis- 
appointingly small There are a few 
papers from the other volumes which. 
could have been included here and some 
other contributions nlught have been 
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solicited to make the section more repre- 
sentative of what seems likely to become 
an important field 

Volume 3 contains a succession of 
papers by workers of great prestige in 
the field of muscle control There is an 
ordered sequence from neuroanatomy 
of the motor system through studies of 
animal and human muscle spindles to 
recent work on pyramidal and extra- 
pyramidal systems, and a valuable 
review of the servo theory, relating to 
respiratory muscles The first four 
chapters on tone, spasticity and rigidity 
show how great is the gap between 
modern neurophysiology and the clinical 
scerfe, but the clinician studying the 
subsequent articles must be impressed 
by the efforts being made to close it 
This 1s nowhere better illustrated than in 
the article by Vallbo on normal human 
muscle spindle action followed by one 
on the application of the same elegant 
technique to studies of spindle activity 
in Parkinsonian patients Much of the 
remainder of this volume 1s devoted to 
a series of papers on reflexes studied in 
man These wil be valuable to any 
clinical neurophysiologist interested in 
quantitative recording of reflexes, espe- 
cially because of the generally careful 
discussion of method and interpretation 
of electrical responses 

In all, the three-volume work, pon- 
derous and expensive though it ıs, 
represents a notable contribution and 
many neurophysiologists will be grateful 
to Professor Desmedt for his labours 

A TAYLOR 


Eight-legged Beasts 


Pycnogonids By P E King Pp 144 
(Hutchinson London, August 1973) 
£3 50 


A MAJOR fascination in the study of 
invertebrate zoology resides in the small 
groups Each represents an experiment 
in the disposition and functional inter- 
play of the essential organ systems and 
each has been successful—up to a point 
It may have had its period of success 
only to be superseded and yet to linger 
on like the brachiopods Or, like the 
chaetognaths, ıt has been successful but 
in too narrow a sphere to permit further 
evolution 

The pycnogonids provide an admur- 
able instance of another such group 
One was taught about a section of the 
arthropods having eight legs—but cer- 
tainly not arachnids—entirely marine 
and with bodies so narrow that the 
digestive organs penetrate the legs and 
where the males take over respensibility 
for guarding the developing eggs On 
early marine courses one later en- 
countered the little Pycnogonum 
littosale often adpressed to the surface 
of sea anemones on which it fed, or else 
the excesyvely thin-bodied and spider- 
like speties of Nymphon 
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There personal contact was likely to 
end, leaving one unaware that there are 
over 500 species of pycnogonids con- 
tained in eight very distinct families 
Their major environment is the deep 
ocean floor Over the oozes which 
cover this they walk on stilt-like legs 
while direct development from large 
yolky eggs frees them from dependence 
on planktonic larvae 

Nor are the legs always confined to 
four pairs As far back as 1835 the 
American zoologist Eights described 
specimens with greater numbers but 
these were dismissed as curiosities until 
later South Polar expeditions dredged 
both decapodous and dodecapodous 
species within three distinct families 

In these days students hear little 
more than passing mention, 1f even that, 
of pycnogonids It 1s well that the 
substance of what 1s known about them 
should be so ably described and clearly 
illustrated by P E King in this latest 
volume on marine biology from 
Hutchinson It can be strongly 
recommended to all who work in the 
sea, 1ndeed will bring enlightenment to 
all zoologists C M Yonce 


Gonad Anatomy 


Postnatal Development of the Ovary in 
Homo sapiens and Macaca mulatta and 
Induction of Ovulation in the Macaque 
By Gertrude van Wagenen and Miriam 
C Simpson Pp 306 (122 plates) (Yale 
University Press New Haven, Con- 
necticut and London, 1973) £1175 


Tuis book by two eminent researchers 
in the field ıs a sequel to an earlier 
volume by the same authors entitled 
Embryology of the Ovary and Testis 
Homo sapiens and Macaca mulatta 
Like its predecessor, the present volume 
contains over four hundred photo- 
micrographs of excellent quality which 
illustrate changes in the microanatomy 
of the ovary during the period from 
birth to senescence The legends to the 
Illustrations are largely  self-explicit 
without referring to the text, although 
some appear to convey a different inter- 
pretation Thus an inspection of the 
illustrations without reference to the 
text would give the unwary reader the 
impression that germ cells are formed 
throughout juvenile life from within 
epithelial] cords derived from the 
somatic (so-called germinal) epithelium, 
when in fact the authors eventually 
come firmly to the conclusion that this 
1s not the case (see below) 

Only a small part of the sixty pages 
of text and tabular‘ material 1s* actually 
concerned with the subject given as 
the title on the cover of the book (four 
pages on human ovary, twelve for 
monkey) This section consists ef a 
concise account of structural changes 
affecting the coelomic epithelium, fol- 
licles and stroma, as well as the differen‘ 


tiation of germ cells As such it forms 
a useful extension to the information 
conveyed in the first volume in the 
series However, in some ways the 
text is disappointing, some of the refer- 
ences to figure numbers are incorrect 
and the bibliography 1s inadequate for 
a book of this type It 1s particularly 
off-putting that the authors continually 
build the “Aunt Sally” that neoformation 
of germ cells from somatic components 
within the ovary continues long after 
birth, because they eventually present 
good evidence (and seem themselves to 
firmly accept the view) that this 1s not 
the case This first section of the text 
also contains good accounts of changes 
in the morphology of the corpus luteum 
with the phases of the menstrual cycle, 
and on the occurrence of polyovular 
follicles 

The bulk of the text consists of an 
account of a whole series of experi- 
ments, conducted over many years, on 
the effects of various gonadotrophic 
hormones on the ovary of the rhesus 
monkey These experiments were per- 
formed with the aim of inducing ovula- 
tion and the authors discuss the pitfalls 
of overstimulation resulting in super- 
ovulation It is particularly interesting 
to those working in the field of oogenesis 
that the authors show conclusively that 
the number of primary follicles 15 not 
increased following treatment with 
FSH It is to be regretted, however, 
that the amount of hormone injected is 
sometimes expressed in “rat units" in- 
stead of mg or international units, 
although this may well reflect the age of 
some of these studies, many of which 
have not been published before Never- 
theless, this section of the book will be 
of value to endocrinologists and repro- 
ductive physiologists in providing data 
for a species about which little informa- 
tion was previously available 

In summary, this book has a number 
of minor shortcomings but provides a 
considerable amount of useful informa- 
tion which 1s not readily available else- 
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where As an atlas of the develop- 
mental microanatomy of the ovary ıt 1s 
unsurpassed and will be a valued pos- 
session of all those concerned with the 
development and endocrinology of the 
ovary T G BAKER 


Enzyme Mechanisms 


The Study of Enzyme Mechanisms By 
Eugene Zeffren and Philip L Hall Pp 
X1+284 (Wiley-Interscience New 
York and London, June 1973) £750 


THIS book attempts to cover a wide 
range of topics related to the study of 
the mechanism ofenzymaticcatalysis As 
well as a series of accounts of enzymes 
for which plausible mechanisms are 
available there are sections on purifica- 
tion, chemical modification, kinetics, co- 
enzymes and allosterism In order to 
cover such a wide range of topics 1n a 
relabvely short book the authors have 
had to be selective in their choice of 
material The section on enzyme puri- 
fication omits any detailed discussion of 
a number of methods that are in com- 
mon use and the chapter on the 
mechanisms of oxidoreductase ıs 
restricted to theories which involve pro- 
ton transfer In some cases the authors 
have oversimplified the situation This 
Is particularly evident ın the chapters on 
kineucs, which only deal with enzymes 
that have a single substrate, and 1n the 
chapter on allosterism, which only con- 
siders the theory of Monod, Wyman 
and Changeux with the more general 
theory of Koshland mentioned only 
parenthetically as being "some varia- 
ton of 1t” There gre very few errors 
in the book but the chapter on the 
kinetics of enzyme inhibition contains 
some misleading information in which 
Steady-state and equilibrium conditions 
are not sufficiently distinguished and,in 
which mixed and partially noncompeti- 
tive inhibition are confused 

The strongest feature of the book 1S 
the series of chapters directly concerned 
with enzyme mechanisms These com- 








Mountain Plants 


Alpine gentrans ffom left to right, Gentiana Clusu, Gentiana alpina, Gentiana angustifolia 
and Gentiana Kochiana, illustrated in the third volume of the Flora dei" Schwiez (Plumba- 
ginaceae bis Composua?) edited by H°? E Hess and E Landholt and illustrated by 


Rosemarie Hirzel (Birkhauser Verlag, Basel and Stuttgart, 1973, Sfr 188) 
e 
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Editor 


Gunther L. Eichhorn, 
National Institutes 

of Health, Gerontology 
Research Center, 
Baltimore 

City Hospitals, 
Baltimore, USA 


1973. 1302 pages 
(in two volumes) 
314 illustrations 
139 tables 

Dfi. 300.00 

(about US$115.40) 
ISBN 0-444-41021-X 





Inorganic 
Biochemistry 


The borderline field between inorganic chemistry and biochemistry 
has become of great interest to many scientists in recent years Bio- 


e ¿Chemists are very concerned with the role of metals in biological 


Systems and inorganic chemists want to apply their knowledge of 
metal ion chemistry to problems of biological significance 

This comprehensive two-volume work, written by experts in their fields, 
IS organized in such a way that each topic logically follows the pre- 
ceding one The naturally occurring biochemical coordination com- 
pounds are stressed, but inorganic model systems are frequently 
discussed alongside the biological substances they mimic Inorganic 
coordination chemistry is strategically placed among the biochemical 
chapters thus the subject becomes an integrated. whole and the 
volumes should be of great value to research scientists ánd advanced 
students in inorganic and biological chemistry as well as such dis- 
ciplines as biophysics, molecular biology and molecular structure 


CONTENTS: 


Volume | 


Part I. Coordination chemistry. Structure and stereochemistry of coordination com- 
pounds (D A Buckingham), Stability of coordination compounds (R J Angelici), 
Electronic structures of iron complexes (H B Gray and H J Schugar) Part il Inter- 
action of metal ions with amino acids, peptides and related natural chelators, and 
proteins Metal complexes of amino acids and peptides (H C Freeman), Microbial 
iron transport compounds (siderochromes) (J B Neilands), Alkali metal chelators - 
the tonophores (B C Pressman), Metal-protein complexes (E Breslow) Part Ill. 
Metalloproteins in storage and transfer Ferritin (P M Harrison and T G Hoy), The 
transferrins (siderophilins) (P Aisen), Ceruloplasmin (I H Scheinberg and A G 
Morell), Hemerythrin (M Y Okamura and | M Klotz), Hemocyanin (R Lontie and 
R Witters) Part IV. Metal induced ligand reactions and metal enzymes Metal induced 
ligand reactions involving small molecules (M M Jones and J E Hix, Jr), Metal 
enzymes (M C Scrutton), Carboxypeptidase A and other peptidases (M L Ludwig 
and W N Lipscomb), Carbonic anhydrase (J E Coleman), Phosphate transfer and its 
activation by metal tons, alkaline phosphatase (T G Spiro), Kinases (W J O'Sullivan) 


Volume II 


Part V. Oxidation-reduction Oxidation-reduction in coordination compounds (N Sutin), 
Metal ion catalysis of reactions of molecular oxygen (A E Martell and M M Taqui 
Khan), The copper-containing oxidases (R Malkin), Ferredoxins and other iron-sulfur 
proteins (W H Orme-Johnson), Bioinorganic chemistry of dinitrogen fixation (R W F 
Hardy, R C Burns and G W Parshall) Part VI Porphyrin compounds and related 
ligands: Iron porphyrins - hemes and hemins (W S Caughey), Hemoglobin and myo- 
globin (J M Rifkind), Cytochromes b and c (H A Harbury and R H L Marks), 
Cytochrome oxidase (D C Wharton), Peroxidases and catalases (B C Saunders), 
Chlorophyll (J J Katz), Corrinoids (H A O Hill) Part VII. Metal interactions with other 
prosthetic groups Vitamin B; complexes (R H Holm), The Structure and reactivity gi 
flavin-metal complexes (P Hemmerich and J Lauterwein) Part VIII, Interaction of 
metal tons with nucleic acids and their monomeric constituents Complexes of 
nucleosides and nucleptides (G L Eichhorn), Complexes of polynucleotides and 
nucleic acids (G L Eichhorn), 

. 
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Villee ; Walker & Barnes: 


GENERAL ZOOLOGY 
Fourth Edition 


The new fourth edition of this standard introductory text has 
been thoroughly updated and revised More than seventy five 
percent of the material on ecology, evolution and behaviour ts 
brand new, written especially for this edition 


Dr Robert Barnes, one of the nation’s leading invertebrate 
zoologists, has Joined the list of authors — His authoritative 
material on invertebrates is all new, up-to-date and thoroughly 
complete 


The authors have extensively reorganised and expanded the 
information on physiology, reproduction and development 
In addition, most of the brilliantly drawn illustrations are either 
new or substantially refurbished 


By Claude A Villee, PhD, Harvard University, Warren F Walker, 
Jr, PhD, Oberlin College, and Robert D Barnes, PhD, Gettysburg 
College 


912 pages 679 illustrations June 1973 £5.50 


Smith & Jacobs: 


INTRODUCTORY ASTRONOMY 
AND ASTROPHYSICS 


An intermediate-level textbook on all astronomy, with emphasis 
upon astrophysical interpretations of observed astronomical 
phenomena Topics such as celestial mechanics, evolution in 
cosmology and extragalactic systematics receive special attention 
A description of astronomical observation instruments ıs included 
in an appendix This textbook has greater emphasis than is 
usual on galactic and extra galactic systems 


By Elske v P. Smith, PhD, University of Maryland, and Kenneth 
C Jacobs, PhD, University of Virginia 


564 pages 284 illustrations August 1973 £6.80. 


Shampine & Allen: 


NUMERICAL COMPUTING: 
AN INTRODUCTION 


This text examines the solution of the more common problems in 
numerical computation lt is written for a two-term course 
Prerequisites are an understanding of calculus and modest 
acquaintance with FORTRAN programming The authors focus 
on a single effective method for solving each problem and by so 
doing are able to give a detailed development of the theory 


e 
By Lawrence F Shampine, Professor, and Richard C Allen, Jr, 
Assistant Professor, both from University of New Mexico, 
Albuquerque, New Mexico 


258 pages Illustrated . May 1973 £5.10.° 


W. B. Saunders Campany Ltd j 


REGENT TITLES rROM SAUNDERS 


e 263 pages 
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Johnston et al 


CHEMISTRY AND THE 
ENVIRONMENT 


This text faces head-on the problems at the interface of the 
scientific discipline that we know as chemistry and the environ- 
mental consequences of this science It also addresses itself to 
the environmental consequences of the technology that is 
closely related to this science After a very quick presentation 
of chemical theory as it stands today and in the amount needed 
for subsequent developments of chemical problems, the authors 
deal with such important problems as water pollution, air pollution, 
toxic materials in man's environment, medicines and energy 
crisis 


By David O Johnston, PhD, John T Netterville, PhD, James L 
Wood, PhD, all of the Department of Chemistry, David Lipscomb 
College, and Mark M Jones, PhD, Vanderbilt University 


452 pages 225 illustrations May 1973 £4.65. 


Hochachka & Somero: 


STRATEGIES OF BIOCHEMICAL 
ADAPTATION 


A uniquely lucid explanation of the role of isozymes and varying 
metabolic pathways in adaptation of animals to different environ- 
ments The book opens with a careful introduction to this approach 
and then looks at recently elucidated comparative data relating to 
adaptation to the common environmental parameters—tempera- 
ture, pressure, salinity, and so on A coficluding chapter on 
variations in vertebrate hemoglobins is used to show an archetype 
ofthe other isozymes discussed throughout the book 


By Peter W Hochachka, PhD, University of British Columbia, 
and George N Somero, PhD, Scripps Institute of Oceanography 


358 pages 116 illustrations May 1973 £3.20. 


Davidson & Marion: 


MATHEMATICAL PREPARATION 
FOR GENERAL PHYSICS WITH 
CALCULUS 


This text fulfills the needs of students who*take a course In 
general physics but find tney are unable to keep pace because of a 
lack of familiarity with the necessary mathematics It provides the 
student with a brief, general view of the mathematical skills 
needed in an introductory physics course with calculus 


Worked problems and numerous exercises help the student to 
understand each new idea and technique 


BY Ronald C Davidson, PhD, and Jerry B Marion, PhD, both of 


the University of Maryland, College Park, Maryland 
e 


Illustrated May 1973 £2.10. 


*12 Dyott Street, London WC1A 1DB 
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Ecological Studies 
Analysis and Synthesis 


Editors: J Jacobs, 
O L Lange, J. S. Olson, 
W. Wieser 


Vol. 1: Analysis of 
Temperate Forest 
Ecosystems 


Editor:D E Reichle . . 
91 figs XII, 304 pages. 1970 
Cloth DM 52,—; US $23 40 
ISBN 3-540-04793-X 


Contents: Analysis of an 
Ecosystem — Primary 
Producers — Consumer 
Organisms — Decomposer 
Populations. — Nutrient 


Cycling — Hydrologic Cycles. 


Vol. 2: Integrated 
Experimental Ecology 


Methods and Results of 
Ecosystem Research in the 
German Solling Project 


Editor: H. Elfenberg 

53 figs. XX, 214 pages. 1971 
Cloth DM 58,—, US $26.10 
ISBN 3-540-05074-4 


Contents: Introductory 


Survey. — Primary Production. 


— Secondary Production — 
Environmental Conditions. — 
Range of Validity of the 
Results. —Editorial Note. 


Vol. 3: The Biology of 
the Indian Ocean 


Editor: B. Zeitzschel 

in cooperation with 

S A Gerlach 

286 figs. XIII, 549 pages. 1973 
Cloth DM 123,—; US $55.40 
ISBN 3-540-06004-9 


The present volume contains 
much new information and 
some conclusions regardjng 
the functioning and organi- 
zation of the ecosystems of 
the Indian Ocean. 


Vol. 4: Physical Aspects 
of Soil Water and Salts 
in Ecosystems 


Editors A. Hadas, 

D Swartzendruber; 

P E Rijtema, M Fuchs; 
B Yaron 

221 figs 61 tab XVI, 

460 pages 1973 

Cloth DM 94,—, US $42.30 
ISBN 3-540-06109-6 


Contents Water Status 
and Flow in Soils: 

Water Movement in Soils 
Energy of Soil Water and 
Soil-Water Interactions. — 
Evapotranspiration and 
Crop-Water Requirements: 
Evaporation from Soils 
and Plants Crop-Water 
Requirements — Salinity 
Control. 


Vol. 5: Arid Zone 
Irrigation 


Editors B Yaron, 

E. Danfors, Y Vaadia 
Approx. 180 figs 

Approx 500 pages 1973 
Cloth DM 94,—, US $42 30 
ISBN 3-540-06206-8 


Contents Arid Zone 
Environment — Water 
Resources — Water Transport 
in Soil-Plant-Atmosphere 
Continuum — Chemistry 

of Irrigated Soils-Theory and 
Application — Measurements 
for Irrigation Design and 
Contro! — Salinity and 
Irrigation — Irrigation 
Technology — Crop Water 
Requirement. 


Vol. 6: K. Stern, 
L. Roche; Genetics of 
Forest Ecosystems 


Approx. 155 figs 

Approx 540 pages. 1973 
ISBN 3-540-06095-2 

In preparation 


Vol. 7: Mediterranean 
Type Ecosystems 


Origin and Structure 


Editors F di Castri, 

H A Mooney 

Approx 88 figs. 

Approx. 500 pages 1973 
Cloth DM 78,—; US $35.10 
ISBN 3-540-06106-1 


Contents Convergence 

in Ecosystems. — Physical 
Geography of Lands with 
Mediterranean Climates. — 
Vegetation in Regions 

of Mediterranean Climate — 
Soil Systems in Regions 

of Mediterranean Climate. — 
Plant Biogeography. — 
Animal Biogeography 

and Ecological Niche. — 
Human Activities Affecting 
Mediterranean Ecosystems. 


Distribution rights for 

U. K. Commonwealth, 

and the Traditional British 
Market (excluding Canada): 
Chapman & Hall Ltd., London 


Prices are subject to change 
without notice 
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COMPUTATIONAL PHYSICS 


by D. E, Potter, Imperial College, London 


Treats the role of the computer as the medium by which 
mathematical prepositions are related to experimental 
laws Because previously insoluble mathematical prepositions 
can now be resolved, new and different physical theories can 
be developed and new principles can be postulated 


October 1973 316 pages £695 


THEORETICAL SOLID STATE PHYSICS 


Volume |— Perfect Lattices tn 
Equilibrium 


Volume 2—Non-Equilibrium and 
Disorder 


by Willam Jones, Department of Physics, University. of 
Sheffield, and Norman H. March, Theoretical Solid State 
Physics, Imperial College, London 


A comprehensive coverage in two volumes of solid state 
theory for the postgraduate and research worker in physics 
The two volumes are concerned with rather different aspects 
of the subject, the first deals with fundamental theory of 
the equilibrium properties of the perfect crystalline solids 
and the second deals in detail with non-equilibrium properties 
and includes a discusston of defects and disordered systems 


September 1973 Volume | 696 pages £1475 
Volume 2 636 pages £1475 


INTRODUCTION TO BIOLOGICAL 
PHYSICS 


by M. E. J. Holwill and N. R Silvester, Both of Queen 
Elizabeth College, London 


Here is a new text and reference manual designed for students 
and teachers of biology and biophysics Its main aim ts to 
provide an understanding of those aspects of physics which 
are encountered in a modern biology laboratory and in the 
literature of quantitative biology and btophysics A selective 
and detailed treatment of topics relevant to biologists, 
rather than a diluted version of a comprehensive physics 
course 


October 1973 372 pages £5 50 (cloth) 
£2 50 (paper) 


NEW TECHNIQUES IN BIOPHYSICS 
AND CELL BIOLOGY: Volume | 


by R. H. Pain, Department of Biochemistry, University of 
Newcastle-upon-Tyne, and B. J Smith, Cell Genetics Group, 
Imperial Cancer Research Fund Laboratories, London 


For some time there has been a need for a series of books 
containing short articles of approximately 25 printed pages 
on new techniques in the, cell and molecular biological 
fields aimed to those students and research workers wanting 
to assess the value of a technique for use in research they are 
already conducting, or needing to learn about the new 
techniques being applied toe biological problems before 
pelle research Here is the first volume to help satisfy that 
need, 
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EDITORS: Professor H. E. Hinton, F.R S., 
Department of Zoology, University of Bristol, 
Bristol, England BS8 1UG, and Professor G. A. 
Kerkut, Department of Biochemistry, University of 
Southampton, Southampton, England, SO9 5NH. 


This journal has bean designed to publish original 
research 1n insect biochemustry as quickly and 
efficiently as possible. Yt will thus provide the 
modern biochemist with a full and critical account 
of the most important developments ın the field 
today Original work on the biochemistry of other 
groups of arthropods will also be published. 


Published quarterly £15.00 per annum, post free. 


SCIENTECHNICA (Publishers) Ltd 
42-44 TRIANGLE WEST, BRISTOL BS8 1EX 


» 

ERGONOMICS . 
of the HOME 
Etienne Grandjean 
Ergonomics has long been recognised as an accepted 
science in the study of man in his working environment. 
In this new book Professor Grandjean has appited the 
same scientifically based research to put forth recom- 
mendations for the design of houses, flats and their E 
fitments and fittings 

Methods to lighten household tasks are discussed as 
well as medical requirements as applted to household 
furniture The heating, lighting, ventilation and sound- 
proofing of rooms, the causes of accidents in the home and 
the special needs of aged and handicapped are other 
subjects covered 
September 1973 254x183 mm illustrated 
332 pages cloth 
£9.25 net 

sanis ) 
4 1 


Taylor & Francis Ltd 


70-14 Macklin Street, London WC2B NF 
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prise a general chapter on the types of 
mechanisms which may be involved and 
a series of “case studies” of individual 
enzymes which occupy much of the 
latter half of the book As well as the 
obligatory accounts of chymotrypsin and 
lysozyme the mechanisms of carboxy- 
peptidase, some oxidoreductases and the 
fructose diphosphate aldolases are dis- 
cussed The experimental evidence and 
the proposed mechanisms are clearly and 
fairly discussed and the authors are 
careful to point out any inconsistencies 
between the mechanisms and the experi- 
mental observations 

Despite the lack of depth in many of 
the earlier chapters, the authors’ clear 
and enthusiastic approach to the topics 
covered results in a stimulating werk 
which should encourage the reader to 
delve more deeply with the brief but 
carefully selected references provided 

K F TIPTON 


Hybrid Cells 


Hybııdızatıon of Somatic Cells By 
Bor.s Ephrussı Pp 175 (Princeton 
University Press New Jersey, 1972) 
£2 50 
THOSE who wish to read about cell 
hybridisation can now read books by 
Harris and by Ephrussi based on lec- 
tures given at Harvard and Princeton 
respectively — Ephrussi goes to some 
lengths to claim precedence for Barski 
over Watkins and Harris, a precedence 
of five years, but there 1s some differ- 
ence in hybridity between the mouse- 
mouse hybrid of aris and the man- 
mouse hybrid of Oxford, and, although 
this was more recent, ıt was certainly 
more hybrid 

Both books are well produced, and, 
if the space taken up by Ephrussi in 
claiming the priority of his work 1s 
excluded, are of similar length 
Ephrussi’s, which 1s two years later, has 
the advantage of being able to quote 
and evaluate more recent work, but there 
1s little, apart from malignancy, which 
1s not also covered by Harris 

Malignancy 1s interpreted 1n terms of 
a failure of established differentiation, 
and the differentiated cell 1s defined as 
one which has “luxury” activities as 
well as “housekeeping” activities, to 
use Ephrussrs polarising terminology 
Hybrids between malignant and non- 
malignant cells were studied, but, using 
mice and pre-banding cytological tech- 
niques, it was difficult to mterpret the 
nature of the inactivation of some 
malignant cells through hybridisation, 
and the decisive ‘observation by which 
sins of omission could be distinguished 
from those of commission was not 
possible b 

Those who have already read H:frris's 
book may find the contrast interesting 
those who have not should start with 
the earlier book J H Epwarps 


Genetics of Oenothera 


Oenothera Cytogenetics and Evolution 
By R E Cleland Pp x+370 (Aca- 
demic New York and London, Decem- 
ber 1972) £7 


ALTHOUGH Ralph Cleland began his 
research with significant studies of red 
algae, his life work was devoted to the 
evolutionary problems presented by 
Oenothera biennis This was begun well 
before he visited Hugo de Vries in Lun- 
teren in 1927-28 De Vries's work seems 
to have influenced Cleland much more 
at first than did that of Renner, whose 
seminal work was published in 1917 
The cytogenetics of Oenothera has 
faded from the view of modern genetics, 
but ıt still has an immense importance 
in the theory of evolution and popula- 
tion structure It is not impossible that 
It 1$ on the verge of a significant re- 
vival The permanently heterozygous 
systems developed in Oenothera have 
been regarded as blind endings 1n evolu- 
ton Nevertheless, recent work of 
Levin, Howland and Steiner has shown 
that Oenothera biennis, the ultimate 1n 
permanent heterozygotes maintained by 
complex interchanges, displays a sur- 
prisingly high degree of diversity in 
cryptic genetic variation as demon- 
strated by studies of its allozymes The 
fitness for particular conditions pos- 
sessed by current populations has been 
achieved, ıt would seem, at the possible 
expense of future wellbemg of the 
plants The Oenotheras with extreme 
interchange heterozygosity have seemed 
to many of us to have run into an 
evolutionary blind alley But perhaps 
there 1s an escape, for some of the 
genome, especially that at the ends of 
the chromosomes where chiasmata are 
concentrated, 1s capable of fairly free 
recombination There seem to be potent 
possibilities for future evolution, other 
than the infrequent outcrosses between 
races which Cleland supposes Evolution 
may not be slowed 

Oenothera was first important 1n the 
promotion of the mutation theory of 
evolution Most of the mutants were not 
changes 1n genes but changes 1n chromo- 
some number—polyploidy and aneu- 
ploidy principally While genetic 
changes of this kind are sometimes 1m- 
portant in evolution, they are not the 
material on which evolution commonly 
works Dr Vries’s work, described in 
the first two chapters, contributed much 
to assessing the place of mutation in 
evolution 

Cleland's third chapter, also in part I, 
“Genetical Behaviour of Oenotheia", 
gives an account of Renner's work on 
Oenothera and his development of the 
theory of complexes Like de Vries, 
Renner was at first, and perhaps pre- 
dominantly a plfysiologist However, 
stimulated by Richard Goldschmidt's 


erroneous explanation of patroclinous 


inheritance in Oenothera, Renner was 
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led to undertake experiments of his own 
which showed that the various species 
were permanent heterozygotes, each 
generally producing two gametic com- 
plexes, each different from the other in 
a large number of genes The cytological 
basis of these peculiarities, with the 
fourteen chromosomes forming rings at 
meiosis and alternate chromosomes 
passing together to the same spindle 
pole at division I, was first demonstrated 
by Cleland 1n 1922 The explanation of 
the cytology, based on Belling's concept 
of segmental interchange, was fully 
developed by Darlington in 1929 and 
193] The analysis of the relation be- 
tween the arrangement of the pairing 
segments of the complexes in a wide 
range of species was begun by Emerson 
and Sturtevant in 1931 and developed 
with great enthusiasm by Cleland This 
work 1s summarized in part II, and part 
IV, “Evolutionary Considerations”, 
applies the results to population studies 
in the widest possible way There ıs 
much here not otherwise published and 
of great interest to all concerned with 
the principles of evolution 

The third part of Cleland's book 1n- 
cludes accounts of the supernumerary 
chromosomes found in some races, the 
genetic analysis of the Renner com- 
plexes, position effects, self incom- 
patibility, plastid behaviour and the 
genetics of certain inconstant charac- 
ters 

Dr Cleland’s book 1s to be recom- 
mended as a source of detailed evolu- 
tionary information on the genus and as 
a summary account of the biological 
importance of the various historical 
studies which have contributed to our 
understanding of Oenotheia It should 
be read by all concerned with the study 
of evolution D G CATCHESIDE 


All About Interferon 


Interferons and Interferon Inducers 
Edited by N B Finter Pp xx+598 
(North-Holland Amsterdam and Lon- 
don, American Elsevier New York, 
1973) Dfl 80, $25 


THis volume contams information on 
everything you always wanted to know 
about interferon The successor to 
Interferons published in 1966, this com- 
pletely revised edition retains the core 
of contributors but very little indeed 
from the text of its successful predeces- 
sor It has grown to almost twice the 
size of the previous edition, mainly as 
a result af the 1nclusion of new chapters 
and extensive subject and rÉference 
indexes 

As a possibly unintentional hint at its 
apostolic nature, the book was written 
by twelve contributors—all of them 


'* well known experts in the field The 


relative yrfiformity in the general out- 
lne of individual chapters and the 


«liberal use ‘of crost-references reveal 


440 


frequent and well placed strokes of the 
editor’s pen The aim has undoubtedly 
been to publish an almost encyclopaedic 
authoritative reference work covering 
the developments in the entire interferon 
field up to the time of the- writing of 
the individual contributions This goal 
has largely been met Omissions of 
significant work published before 1970 
seem to have been few 

There 1s a wealth of detailed factual 
information Thus, a total of sixty-six 
different viruses 1s listed under the head- 
ing “Some [sic] viruses which induce 
interferon", arranged in a table spread 
over four pages, and also including 
information about the animal species in 


which interferon production was 
reported, with the appropriate refer- 
ences An individual wishing to 


accumulate this information on his or 
her own would probably have to spend 
weeks toiling in the library A chapter 
entitled “Factors Influencing Interferon 
Production” (by M Ho) occupies more 
than thirty pages 

Interferon research is a mixed bag 
Rooted in virology, 1t has been branch- 
ing out increasingly into other areas of 
microbiology, as well as chemistry, cell 
biology, molecular biology, immunology 
and tumour biology These different 
facets of interferon work are repre- 
sented in the book, although the main 
emphasis 1s on the role of interferon in 
the natural defence against viruses 
(chapter by S Baron) and a considerable 
portion of the treatise is devoted to the 
description of antiviral effects of inter- 
ferons and inducers 1n man and animals 
(N B Finter) There is, however, a 
new chapter on non-viral substances 
which induce interferon (T C Merigan) 
Also most welcome 1s the addition of 
a chapter by M N Oxman reviewing 
on some 90 pages interferon production 
by tumour viruses and tumour cells, as 
well as various aspects of the action 
of interferon and interferon inducers 
on tumour viruses and tumour cells, 
both 1n animals and cell cultures 

Most chapters were apparently 
written in about 1970 The delay in 
publication, the editor explains in the 
preface, was mainly because some con- 
tributions had been received late Un- 
fortunately, the hiatus has already made 
obsolete portions of the otherwise nicely 
written chapters on the mechanisms of 
interferon. production (D C Burke), 
purification (K H Fantes) and 
mechanism of action (J A Sonnabend 
and R M Friedman) A further conse- 
quence ef the delay is the absence of 
any description of some biological 
activities of interferon on uninfected 
cells which have only been recognised 
in the past three years 

The bibliography, listing 1,500-odd 
references, 1s arranged in alphabetical] 
order and includes the compltte titles 
of articles Each peferencg is followed 


by the page numbers on which it 1s 
cited ın the book, so the bibliography 
also serves as a sort of an author index 
a clever idea The subject index ıs 
both extensive and well arranged 

The book wil be apreciated mainly 
as a reference guide for those who have 
more than a passing affair with inter- 
feron Portions of the book, however, 
can be useful to readers who wish to 
obtain more general information about 
some aspects of interferon work, they 
will benefit from the very readable intro- 
ductory chapter outlining the chronology 
of major developments in interferon 
research (K Cantell) and from the neat 
summaries at the end of each of the 
seventeen chapters JAN VILCEK 


Mycoplasma Monograph 


The Biology of Mycoplasmas By Paul 
F Smith Pp x+257 (Academic 
New York and London, August 1971) 
$14 50, £6 75 


IN the preface, the author states that 
his aim ıs to acquaint the general bio- 
logical scientist with a group of micro- 
organisms which could be used to study 
basic biological mechanisms Because 
of this, we have a monograph which 
deals more comprehensively with the 
biochemistry and physiology of myco- 
plasmas than any recent book or review 
on these microorganisms Although 
Professor Smith disclaims any intention 
to provide a reference book, he has 
assembled and integrated the  bio- 
chemical information so ably under 
appropriate headings that the mono- 
graph should prove useful for reference 
In this connexion, the inclusion of 
further sub-headings in the contents 
would be helpful 

The author's interest ın the origin 
of mycoplasmas 1s obvious 1n both the 
first and last chapters, he favours the 
highly plausible hypothesis that myco- 
plasmas have evolved from bacterial 
ancestors by losing the rigid cell wall 
and that this has enabled them to estab- 
lish a nearly true parasitic relationship 
with their hosts Comparisons of myco- 
plasmas with some existing bacteria 
have failed to show any relationship, 
but Professor Smith points out the 
limitations of the comparisons so far 
made Although a relationship with 
some remote bacterial ancestor seems 
more likely than a relationship with an 
existing bacterium, the author's argu- 
ments may serve to counterbalance the 
present tendency to discount the possi- 
bility of any relationship between myco- 
plasmas and bacteria : 

The inclusion. of a, chapter on the 
relationship, of yructure to function 
(chapter 4), an aspect largely ignored 
1n recent books on myceplasmas, 1s com- 
mendable ‘This correlates, s far as 1s 
possible at presént, the information on 
structure and the dynamics of growth 
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and reproduction provided in chapters 
2 and 3 Diagrams illustrating the 
author’s theory of membrane perme- 
ation and two types of respiratory path- 
way are especially helpful 

The section dealing with host-parasite 
interactions 1n chapter 5 1s less detailed 
than the rest of the monograph This 
subject is of limited interest to cell 
biologists, however, and has been more 
fully covered 1n two recent books 

I should like to have seen the generic 
name Acholeplasma applied to those 
mycoplasmas which do not requre 
sterols for growth, and the name Myco- 
plasma reserved for those which are 
sterol-dependent This reluctance to 
adopt the new nomenclature may, how- 
ever, be related to Professor ' Smith's 
theory on the relationship of sterols to 
polyterpene biosynthesis in  myco- 
plasmas, a theory which is most com- 
pellingly argued in chapter 3 

Mycoplasmas are already being ex- 
ploited by biologists interested 1n mem- 
brane function and structure It 1s to 
be hoped that this book will direct the 
attention of other cell biologists to the 
potentialities of mycoplasmas in the 
study of biological mechanisms In this 
connexion, the speculations in Profes- 
sor Smith’s final chapter on the signifi- 
cance of mycoplasmas as cells are 
stimulating and could provide a basis 
for further experimentation 

Rura M LEMCKE 


Abyssal Animals 


Abyssal Environment and Ecology of 
the World Ocean$ By Robert J 
Menzies, Robert Y George and Gilbert 
T Rowe Pp xxiu--488 (Wiley New 
York and London, May 1973) £12 50 


THe abyssal environment, although 
mosi representative of the Earth's surface 
in terms of area covered, 1s yet almost 
certainly the least known A growing 
interest in the abyssal fauna reflects 
increasing concern of its possible pertur- 
bation, by exploitation of deep mineral 
resources and the dumping of industrial 
waste, when its origin, structure and 
metabolism are still virtually unknown 
to us 

'This book traces the beginnings of 
deep-sea biology It al8o includes notes 
and photographs of contemporary 
workers judged to have contributed sig- 
nificantly to the subject Sampling 
devices are reviewed, but a balanced 
discussion of the most successful 
samplers 1n current use 1s not provided. 
The various schemes for classifying the 
bathymetric distributren of the marine 
benthos as a whole are outlined and an 
original hierarchical system, based on the 
rate of change of the component genera 
and species in terms of the percentage 
of taxa common to samples, 1s proposed 
Discussion of faunal distribution in the 
northwestern Atlantic ıs based mainly 
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ADVANCGEDIBOOMREROGRAM 


New Volumes in the 


FRONTIERS IN PHYSICS SERIES* 


SETSUO ICHIMARU 
Basic Principles of Plasma Physics 


This volume begins with the fundamental- 
concepts of nonequilibrium statistica! me- 
chanics and electrodynamics; it then devel- 
ops various aspects ol plasma theories as 
special limiting cases of those?" baSic con- 
siderations. The book is very useful to 
graduate students of all levels and re- 
search workers in those fields related to 
plasma. physics, atmospheric physics, and 
astrophysics. Ready Oct. 1973, 
hardbound, ISBN: 0-805-38752-2; 
paperbound, ISBN: 0-805-38753-0 


DAVID HORN e FREDRIK ZACHARIASEN 
Hadron Physics at . 
Very High Energies 


This volume covers the rapidly developing 
field of very high energy hadron physics. 
It reviews in detail the experimental results 
on elementary particle scattering and pro- 
duction recently obtained at the two new 
very high energy facilities, the Intersecting 
Storage Rings at CERN, Geneva, Switzer- 
land, and the National Accelerator,Labora- 
tory, in Batavia. Illinois. USA, as well as 
data from dldeo accelerators such as that 
in Serpukhoy, U.S.S.R. The phenomenolog- 
ical interpretation of these data in terms of 
the Regge pole picture is outlined and 
discussed. Attempts at a more fundamen- 
tal theoretical understanding of these pro- 
cesses are also described, with the major 
emphasis on field theoretic and multiperi- 
pherai models. These modeis are de- 
scribed in detail. and both their successes | 
and shortcomings are pointed out. Other 
theoretical ideas, encompassed in pictures 
of elementary particles as droplets, in sta- 


^ 


tistical descriptions of high energy produc- , 


tion processes, and in fireball descriptions 

of production, are mentioned more briefly. 
Ready Oct. 1973, 378 pp.. 

hardbound, US $17.50, 

o ISBN: 0-805-34402-0; 


paperbound, US $9.50, 
- ISBN: 0-805-34403-9 


Reading MA 01867 Book @entre Ltd 
USA No Circular Rd 
London NW 10 OJE 
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"W A Benjamin Inc Advanced Book Program 


S. DONIACH e E. H. SONDHEIMER 
Green’s Functions for 
Solid State Physicists 


Green's function methods of quantum field 
theory have become recognized as a pow- 
erful mathematical tool for studying the 
. complex interacting systems of solid state 
physics. This volume shows the method 
in action illustrating how mathematics—in 
the form of the Green's function in the com- 
plex energy plane—accounts for the physi- 
cal effects (level shifts, damping, insta- 
bilities) characteristic ot interacting sys- 
tems. Keeping the reader in contact with 
real problems, the book concentrates on 
general physical principles and includes 
introductions to topics of current research 
interest without detailed discussions of 
experiments..Ready beginning 1974, 

hardbound, ISBN: 0-805-32394-5; 
paperbound, ISBN: 0-805-32395-3 
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E. R. CAIANIELLO 
Combinatorics and Renormalization 
in Quantum Field Theory 


This volume, based upon work done by 
the author and his collaborators over a 
"period of about 20 years, is dedicated to 
some selected topics of Quantum Field 
Theory, which have proved of increasing 
importance with the passing of time; it is 
divided, accordingly, into three parts: Com- 
binatoric Methods; Equations for Green's 
Functions and Perturbative Expansions; 
Regularizations, | Renormalization and 
Mass Equations. Ready Oct. 1973, ap- 
prox. 150 pp., ! 
hardbound, c. US $14.00, 
ISBN: 0-805-31646-9; 
paperbound, c. US $7.00, 
ISBN 0-805-31645-0 


GEORGE E. PAKE e THOMAS L. ESTLE 
The Physical Principles of Electron 
Paramagnetic Resonance, 
Second Edition 
Completely revised, enlarged, and reset. 
Ready Fall 1973, approx. 320 pp., 
i hardbound c. US $17.50, 
ISBN: 0-805-37702-6; 
paperbound, c. US $9.00, 
ISBN: 0-805-37703-4 
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FRED W McLAFFERTY 


SECOND EDITION- 
ready for Fall 1973 Classes 


Interpretation of 
Mass Spectra * 


Revised, Enlarged, and Reset 


Themain purpose ofthe book is to teach 
chemists how to obtain molecular struc- 
ture information from mass spectra, it 
will also be a valuable reference book 
for the interpretation of spectra 


At least 70% of the second edition is 
new or substantially revised material, 
based on the author's teaching exper- 
lences and on rapid scientific advances 
inthe field A large new chapter describ- 
ing the mass spectral behavior of com- 
mon compound classes has been add- 
ed Chapters on ion fragmentation 
mechanisms and the theory of uni- 
molecular ion decomposition reactions 
are completely rewritten, the former in- 
cludes a new general classification 
scheme forreaction mechanisms which 
will help the student to understand and 
to apply such mechanisms 


Substantial revisions have been made 
to the chapters on determination of ele- 
mental formulas from isotopic abun- 
dances, characteristics of the molecular 
ion, postulation of molecular structures, 
and auxiliary techniques Many new un- 
knowns have been added, including ac- 
tual examples from such problems as 
insect pheromones, drug overdoses, 
metabolites, insecticide residues, and 
other trace-level pollutants 


Tables of isotopic abundances for 1-40 
carbon atoms, 1-10 chlorine atoms, 
1-4 bromine atoms, 1—5 silicon atoms, 
and 1-5 sulfur atoms have been added, 
as has a table of typical ionization po- 
tential values The tables of common 
neutral fragments lost and common 
characteristic ions have been exten- 
sively revised and extended 


Contents X Introduction Elemental 
Formulas The Molecular lon lon Frag- 
mentation Mechanisms Postulation of 
Molecular Structures Mass Spectra of 
Common Compound Classes Auxiliary 
Techniques Unimolecular lon Decom- 
Position Reactions Solutions to Un- 
knowns Appendix References Index 


Fall 1973, c 300 pp, illustrated with 
line drawings (including. bar egraphs) 
and tables, hardbound, US $15 00, 
ISBN 0-805-37058-1, paperbound, 
US $7 50, ISBN 0-805-37059-X 
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WYKEHAM 


The Series 

The Wykeham Science 
Series has already acquired 
an enviable reputation 
around the  secondary/ 
tertiary borders Suitable 
for sixth-form or under- 
graduate background read- 
ing, orastexts in universities 
and colleges of education, 
the books provide some 
good solid meat 

—Eric Deeson, Education 
and Training 


19 Production, 
Pollution, Protection 
W B YAPP 
It would be difficult to find 
more readable packed infor- 
metion in a handbook of less 
than 200 pages than can be 
found in this excellent book 
Yapp's book must be 
a good corrective to the scare 
literature which is creating an 
environmental backlash 
—New Scientist 
0 85109 250 0 paper £2 00 net 
0 85109 300 O cloth £2 75 net 
1972 
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10 The Stars: their 
Structure and 
Evolution 
R J TAYLER 

will provide an excellent 
introduction for anybody mov- 
ing tnto research in astronomy 
for the first time, whatever 
their previous level of edu- 
cation Nothing of impor- 
tance seems to have been 
omitted, while no extrarieous 
material is included —Wature 


* 0 85109 110 Bpaper£1 75 net 


0 85109 340 X cloth £2 50 net 
1970 reprinted 1972 


14 Biological Effects of 
Radiation 
J E COGGLE 
The author has produced an 
interesting and readable text 
which fills a gap in existing 
literature It ts surprisingly 
thorough in its coverage of 
basic radiation biology, and 
is highly commended to 
students studying this and 
related subjects 
—Physics in Medicine and 
Biology 
0 85109 200 4 paper £2 00 net 
0 85109 400 7 cloth £2 75 net 
1971 reprinted 1973 


bridging the gap between 
school science and the 
specíalised university course 


1 Elementary Science 

of Metals 

J W MARTIN 

this book can be recom- 

mended not only for use in 
schools but as one of a select 
group which the first year 
university student would do 
well to buy and keep 
—VJournal of the iron and 
Steel Institute 
85109 010 9 paper £1 50 net 
1969 


3 Essentials of 

Meteorology 

D H McINTOSH 

A S THOM ë 
This is suitable. for under- 
graduate and post-graduate 
students, ın fact all who want 
a quick, well-written account 
of modern meteorology 
—Pure and Applied Geo- 
physics 
85109 040 0 paper £1 75 net 
085109 290 X cloth £2 50 net 
1969 reprinted 1972 


9 Introduction to 
Polymer Science 
L R G TRELOAR 
A truly remarkable survey of 
the physics and chemistry of 
this fascinating field, tt ts 
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best sellers 


not restricted, as so frequently 
happens, to artificial fibres, 
but includes for instance 
excellent discussion on the 
rubbery and glassy states 
—Education and Training 
085109100 8 paper £1 50 net 
1970 


22 Elementary Quantum 
Mechanics 
Sir NEVILL MOTT, FRS 
This book introduces the 
concepts of quantum mech- 
anics without becoming 
embroiled with difficult mathe- 
matics and complex philoso- 
phical arguments carefully 
presented with many good 
illustrations, and pitched at 
the right level 
—ASLIB book list 
085109 2705 paper £2 00 net 
085109 310 8 cloth £2 75 net 


A complete catalogue of the 
Wykeham Science and Tech- 
nology Series is available on 
request from the publishers 


n———— 
The Series is distributed in 
the UK, Europe, Africa and 
the Middle East by Chapman 
& Hall Ltd, 11 New Fetter 
Lane, London EC4P 4EE, and 
North Way, Andover, Hants 


^ WYKEHAM PUBLICATIONS (London) LTD, 10-14 Macklin Street, London WC2B 5NF 


Colour 73 


International Colour Association 
SBN 85274 2398 21ix14cm 580 pages 


Price £12 00 net 


Zoom Lenses 
A D CLARK 


SBN 85274 2320 24x15 cm 100 pages 


Price £5.00 net 


Electron Spin Resonance in 


Chemistry 


L A BLUMENFELD, V V VOEVODSKI, and 


A G SEMENOV 


SBN 85274 1081 21ix14cm 336 pages 


Price £10 00 net 


Optical Production Technology 


*D F HORNE 


SBN 85274 1871 284x22 cm 582 pages 


Price £15 00 net 


ADAM HILGER LTD, sales Depi 


Spectrochemical Abstracts 


Vol. XVIII, 1971-2 


E H S VAN SOMEREN and F T BIRKS 
SBN 852741154 242x152 cm 


Price £6.00 net 


Light Scattering Functions 
for Small Particles 


N C WICKRAMASINGHE 


SBN 85274 2347 28x22cm 516 pages 


Price £12.00 net 


Uncertainty, Calibration and 


Probability 
& F DIETRICH 


SBN 85274 175 8 2b5$x18 cm 423 pages 


* Price £18 00 net 


° * 
WARNER HOUSE, BOWLES WELL GARDENS, FOLKESTONE, KENT 
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Full data on all 
patents from 


XXIX 


24 countries 
in minutes? 


Derwent Publications introduces the world’s fastest 
and most comprehensive information service on patents. 


Now that patent specifications filed ın Japan 
and many European countries are published so 
rapidly, they are replacing conventional trade and 
scientific Journals as sources of information 
on new ideas and latest developments Also, they 
provide advance information on related patent 
applications which will be published much later 
by the United States and United Kingdom patent 
offices . 


This new interest in patents has intensified the 
need for a simple international patents journal 
wherein the whole of the patent literature of the 
World can be scanned, and items of interest 
followed up, 1n a unified system 


From January 1974 Derwent will be providing 
a new integrated service - World Patents Index - 
which will completely meet this need 


Each week computer-generated and phototypeset 
WPI covering all subjects will give fully indexed 
information on over 12,000 patents published 
4—5 weeks earlier 1n 24 major countries In a 
single gazette WPI will contain indexes which 
will allow in a matter of minutes searching by 
patentee, subject matter and keywords and will 
identify families of patents 


Back-up information for WPI in the form of 
English language abstracts for chemical subjects 
1s provided by the highly successful Central 
Patents Index, operative since 1970 A companion. 


o 


Pi 





service for non-chemical subjects - General 
Patents Index - will commence at the same time as 
WPI Each week GPI will publish, in book and 
card forms, abstracts plus drawings, available for 
convenience in three separate sections - General, 
Mechanical and Electrical 


Additional services to subscribers include 
High speed central bureau patent searches 
Selective monitoring by subject, country 
or patentee 
Copies of patent specifications on request 


No other source 1s able to provide patents 
information of such depth, accuracy and speed 
Furthermore, the many advantages of these 
outstanding services can be obtained for a really 
economical subscription equivalent to only a few 
pounds a week 


Towards the end of November, samples of WPI 
and GPI will be available for you to evaluate without 
obligation and completely free of charge 


Write now (quoting DM) for brochure, giving 
full details of these services and subscription 
rates, and for the free samples 


Derwent Publications Ltd., 


Rochdale House, 128 Theobalds Road, 

London WCiX 8RP, England Telephone 01-242 5823 
Telex 267487 Cables DERWENTINF, LONDON 

A part of The Thomson Organisation 
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Contemporary Biology 
Series—Latest Titles 


The Biology of the 
Arthropoda 


K. U. CLARKE 
This book presents the principles which govern the 
organization of the members of the Phylum Arthro- 
poda, and show how through their application it is 
possible to understand the diversity, limitations and 
achievements shown by those animals which bear 
the imprint of this design m 
£6 net Cloth 


Life of Marsupials 
HUGH TYNDALE- EM 


In this book the author lays emphasis on living 
marsupials and how they are adapted to their 
environment including their adaptation to changes 
brought about by man Perforce most of the examples 
are Australian species although the increasing Interest 
in American marsupials has not been ignored 

£5 60 net Cloth £2 80 net Paper 


Principles of Environ- 


mental Physics 
JOHN L. MONTEITH 


"During the past twenty-five years the study of the 
physical principles which control the response of 
living organisms to their environment has contributed 
increasingly to the study of agriculture, hydrology, 









£3 net Paper 












comprehensive text has been available, for this reason 
Professor Monteith’s excellent study is particularly 
welcome ” Times Higher Education Supplement 
£6 net Cloth £3 net Paper 


The Biology of 


Protozoa 
MICHAEL A. SLEIGH 


This text reviews the modern ideas of the diversity of 
patterns of biological organization as well as ecological 
relattonships found in Protozoa The ultrastructure of 
Protozoa as revealed by the electron microscope ts 
related to modern views on the structure and function 
of the organelles described, so that modern views on 
the structure and function of cells and their com- 
ponents provides the background for the whole 
presentation 

£7 50 net Cloth 


A Biologist’s 
Physical Chemistry 


Second Edition 
J. GARETH MORRIS 
This text is for undergraduates whose background 
knowledge of the physical sciences may be limited 
It is designed as an aid fo the understanding of the 
pplication of physto-chemical principles to biological 
situations, to be used in conjunction with other books 
that deal with cell biology and metabolism and with 
the physiology of plants and animals 
£4 80 net Cloth . 
To be published December 


Edward Arnold 


2% Hill Straet, London W1X8LL 















£3 75 net Paper 











£2 40 net Paper 











and other branches of science Hitherto, however, no- 
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IN THE 
ROUND 


A Guide to Environmental 
Science 


Edited by 
NIGEL CALDER 


The well known science writer has marsh- 
alled 26 expert contributors to describe in 
plain language, for specialist and layman 
alike, the routes to better understanding 
of our ecology and its problems. 








66 An excellent introduction to the 
complexity of environmental concerns. 


Jeremy Swift, Times 
Higher Education Supplement 99 


£3 25 


Some Recent Books from 
VAN NOSTRAND REINHOLD 


Principles and Techniques of Electron 
Microscopy 
M. A. Hayat 
Vol. 1. 300 pp o 442 15669 3 £9.75 
Vol. 2 301 pp O 442 78285 3 £9.75 
Vol. 3. 336 pp O 442 25674 4 £10.00 
Basic Electrochemistry 


J. M. West 

77 PP cl. o 442 78603 4 £2.50 
pb. o 442 78602 6 95p 

Inorganic Thermodynamics 

S. J. Ashcroft & G. Beech 

175 pp cl o 442 00352,8 £4.95 
pb. o 442 00353 6 £2.50 

Electromagnetism and Linear Circuits 

D. M S. Bagguley 

576 pp cl o 442 00492 3 £12.00 
pb o 442 00493 1 £5.25 

*Engineering Plasticity, 2nd edition 

W Johnson & P. B. Mellor 

550 pp O 442 78431 7 £750 
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on the authors’ intensive studies off the 
Carolinas There 1s a short discussion 
of the northeastern Atlantic based on 
European work in the Bay of Biscay 
The chapter titled the southeastern 
Pacific 1s based on work on a small 
number of faunal groupings in samples 
from a limited area off the coast of Peru 
Discussion of the Arctic Ocean 1s based 
mainly on the shelf fauna because very 
few benthic samples have been taken 
from the deep Arctic basins The 
authors reflect the modern view of the 
deep trenches as geologically unstable 
areas, which 1s supported by their low 
degree of faunal endemism above 
species level 

The hook discusses abyssal biomass 


and the structure of the abyssal 
benthic community Interesting, and 
previously unpublished, data from 


deep-sea photographs on spatial pattern 
of epibenthic species are included, as 1s 
some discussion on the measurement of 
faunal diversity and the interpretation 
of the results The little and fragmentary 
information available on specialization 
in functional morphology, feeding, 
reproduction and vision that is asso- 
ciated with the deep-sea habitat 1s 
summarized 

The authors finally attempt to classify 
marine distributions into a scheme 
relating geographical range, depth 
zonation and temperature conditions, 
and then discuss the origin and evolu- 
tion of the abyssal fauna However, 
much of the material appearing earlier 
could have been more tidily incor- 
porated into theseesections The book 
as a whole suffers from poor organiza- 
tion and an irritating style which makes 
1t difficult to use for reference It 1s a 
pity that the authors have not restrained 
their use of unfamiliar and often 
abbreviated jargon Although the 
reader may eventally manage to make 
sense of sentences such as “The UAZ 
always appears to have fewer species 
than the MAZ but more than the LAZ” 
(p 251), he may well have succumbed 
to a mental constipation before reach- 
ing a later section titled "Eurybathaal, 
Eurythermal Eurygraphs" owing to the 
clumsy style of writing For example, 
the caption to Figure 1-22a does not 
make it clear wh&ther the date of death 
given refers to the Russian gentleman or 
to the abyssal sipunculid worm that he 
1$ shown examining 1n the photograph 
On page 92 the sentence “The genera 
and species considered to be intertidal 
are those found along the shore between 
tide marks" would, by any reasoning, 
seem unnecessary * 

Many of the deep-sea photographs 
reproduced resolve insufficient detail 
Drawings depictingethe larger animals in 
their habitat are given but ıt 1s doubtful 
whether they succeed in conveying more 
information than a good photograph 

There is a heavy emphasis on the Iso- 


poda in this book. Although they are 
probably an important faunal grouping 
in the deep ocean, the authors might 
have produced a more useful and 
certainly briefer text as a monagraphic 
treatment of the marine isopods 

Joun D GAGE 


Ancient Mosses 


Biyophytes of the Pleistocene The 
Biitish Record and its Chronological 
and Ecological Implications By J H 
Dickson Pp 1x+256 (21 plates) (Cam- 
bridge University London, February 
1973 ) £12 80, $37 50 


Mosr Quaternary botanical studies have 
been concentrated, naturally and pro- 
perly enough, on the vascular plants of 
the period, and most workers in this 
field have thus been specialists in the 
identification of vascular plant remains 
Mosses have sometimes been ignored, 
and some identifications have been 
amateurish, while others have been made 
by bryologists unused to naming frag- 
ments In this book, by an authority in 
the field of Quaternary bryology, not 
only are the records assembled from a 
widely scattered literature, but many of 
the specimens on which they are based 
have been re-examined and many data 
are presented 

Introductory chapters covering the 
present distribution patterns of British 
bryophytes, geological and vegetational 
history, and materials and methods, are 
followed by a systematic survey, species 
by species, listing all subfossil occur- 
rences and discussing their significance 
in relation to present-day British and 
continental distribution The final chap- 
ters treat the subject chronologically, 
tracing the changes from pre-glacial 
times onwards The book is well pro- 
duced and lavishly illustrated—some 
reduction in the size and number of 
both distribution maps and plates could 
well have been made The text 1s not 
easy reading, and for the non-specialist 
who does not carry in his head the pre- 
cise definitions of some of the terms— 
Hoxnian, Neogene, Devensian, Anglan 
—a glossary would have been helpful 

Differential preservation makes 1nter- 
pretation of the record difficult Only 
eighteen liverworts are known from the 
Pleistocene, against 179 mosses, and 
many of the mosses with no sub-fossil 
records are common ones Some curious 
problems are raised Why, for example, 
did the late Bronze Age men of the 
Humber select, of all species, Neckera 
complanata fgy caulking their boats? 
The information in this book has been 
well worth assembling, for the present 
distribution of British bryophytes cannot 
of course be understood without refer- 
enc? to their histor% but 1t throws rather 
disappointingly little new light on the 
more general problems of the Pleisto- 
cene A C CRUNDWELL 
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Memory 


Problems of the Psychology of Memory 
By A A Smirnov Scientific and 
Translation Editor Samuel A. Corson. 
(Monographs in Psychology -an Inter- 
national Series.) Pp x14-338. (Plenum 

New York and London, 1973.) $26 


Problems of the Psychology of Memory 
1s a translation of a Russian work on 
the natural history of the memoriza- 
tion process in the tradition of Bartlett’s 
classic work The major part is a 
monograph, originally written ın 1945, 
which has been slightly revised for the 
translation from the Russian Its style 
1s very heavy and the experiments 
described lack elegance Despite this, 
if it had been published in English 
before the early 1960s, during the Dark 
Ages of the verbal learning approach 
to memory, ıt could have had a useful 
influence Now, its basic position—the 
emphasis on the effect of the activity 
of the memorzor on memory—is 
standard ın cognitive psychology Much 
more incisive demonstrations of most 
of its clams have been produced by 
Western psychologists such as Miller, 
Tulvmg, Mandler and Pario The 
book stresses the importance of compre- 
hension, of planning and of the nature 
of the orienting task on memory and 
there ıs some discussion of visualisation 
It contains some protocols of the 


Tropical Plankton 





Scanning electron micrographs of dino- 
flagellates from the Indian Ocean a, 
Perigiium latispinium, b, Dinophysis 


miles var schroeteri, c, Oinithocercus 
quadratus Taken from The Biology of 
the Indian Ocean, edited by Bernt 
*Zeitzschel (Chapman and Hall London, 
Springer-Verlag Berlin, Heidelberg, and 
* New York, Augusé 1973, £16 35) 
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memory methods used by actors and 
an interesting anti-associationist view of 
mediators 

Two short essays complete the book 
One on retroactive inhibition, written 
in 1940, 1s very dull The other on the 
Russian work on the interrelation be- 
tween verbal processing and imagery 1s 
more interesting and less antiquated but 
made somewhat dubious by the lack 
of any information-processing type 
concepts 

This book therefore cannot be recom- 
mended for any type of readership On 
the evidence of this and two others in 
the same series it ıs unfortunate that 
Russian work on the higher mental 
processes has only been translated long 
after it could have had a beneficial effect 
on Western work Whether translation 
of recent Russian work would be more 
productive remains unclear 

T SHALLICE 


Ancient Egyptians 


Population Biology of the Ancient 
Egyptians Edited by D R Brothwell 
and B A Chiarelli Pp 560 (Aca- 
demic London and New York, June 
1973) £7 


Tuis volume contains thirty-two papers, 
twenty-nine of which, presented at a 
symposium held in Italy in 1969, have 
already appeared in the Journal of 
Human Evolution Pagination ıs 
chaotic, and typographical errors 
abound Some could create difficulties 
for students checking sources  Glaring, 
although relatively mnocuous, is the 
ascription (in both the text and biblio- 
graphy of Gray's paper on the radio- 
graphy of mummries) of Harris’s work 
on bone growth to H A Hains The 
sequence of subjects follows no con- 
sistent plan It 1s regrettable that a 
work commemorative of Sintoff should 
not be better produced since 1t contains 
much of great interest 

The papers cover almost every aspect 
of the biology of the Ancient Egyptians 
and present them as a homogeneous 
group, Irving in relative isolation and 
a stable environment throughout a very 
long period They thus afford a unique 
opportunity for the study of human 
micro-evolution in response to a limited 
number of identifiable factors Inevit- 
ably the papers vary 1n value Among 
the most stimulating are the demonstra- 
tion by Raikes and Palmieri of the 
stability of the physical environment for 
at least 10,000 years, the indieation by 
Masali*and Chiarelli of differing mor- 
tality patterns in the Pre-dynastic and 
Dynastic periods, the controversial 
clam by Nemeskér that population 
growth in Egypt and Eurasia depended 
solely on a fall in mortality rate (factors 
affecting fertility must play £ part!) and 
the study by Saffino of Egyptian diet 


and its calorie coatent à 


Interesting papers based on work 
with skeletons and mummies include 
the studies by Bourke and by Satinoff 
of skeletal trauma and its treatment (the 
claim of the latter that the Egyptians 
could not reduce impacted fractures 
because of the lack of anaesthetics seems 
far-fetched, when even amputations 
were effected in the past without them), 
the re-emphasis by Borgognini-Tarli of 
the uncertainties of blood group deter- 
mination on ancient remains, the 
salutary critique by Sandison of attempts 
to diagnose pathological conditions in 
surviving soft tissues, the excellent 
papers on skeletal and dental evolution 
and pathology (Greene’s is a most 
meticulous study) indicating early occur- 
rence of third molar suppression, an 
epidemic outbreak of caries concomi- 
tant with the domesttcation of cereals, 
and sexual convergence in bodily 
morphology following the expansion 
of agriculture, the contribution by 
Michelin-Lausarot to the new field of 
biochemical study of tissue breakdown 
1n preserved organic material, the paper 
by Stouhal containing data possibly 
important for the study of the racial 
history of East Africa Davide's list 
of mummies, skeletons and skulls 
throughout the world 1s valuable and its 
appearance here may lead to 1ts amplifi- 
cation, since many small museums house 
specimens The book ıs a very useful 
compendium H HucHES 


Notes on Nutrition 


Notes on the History of Nutrition Re- 
search By Clive M McCay Edited 
by F Verzár Pp 234 (Stuttgary 

Berne, Hans Huber Vienna, 1973) 
42 francs, 38 DM 


THIS book ıs needed for reference in 
libraries dealing with nutrition. in the 
widest sense It contains the notes for 
lectures on the history of nutrition 
studies by Professor Clive M McCay of 
Cornell University, and has been pub- 
lished owing to the enterprise of Profes- 
sor F Verzár and the late Professor 
Maynard I had the privilege of knowing 
McCay during a sabbatical period 
which he spent in my laboratory in 
Oxford, and on subsequent visits to 
him He was an original thinker as well 
as being a fine scholar and a courageous 
man Science has lost an important 
work through the illness which pre- 
vented him from finishing his book As 
1t 15, the notes do not go much beyond 
1920, they deal in order with fats, 
nitrogen, protein and inorganic sub- 
stances McCay has dealt in depth and 
with penetgationewitp literature going 
back 150 years and earlier, so that it 1s 
an education to read thfough these notes 
It ıs an effort which should be made 
by anyone who wishes to lecture with 
‘depth on nutritional subjects Some of 
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McCay’s most original work dealt with 
the effect of nutrition on longevity, rats 
were shown to remain much younger 
if fed less than normal amounts of a 
complete diet during the period of 
growth I have found a few misprints, 
none of which can mislead the reader 
RUDOLPH A PETERS 


Foraminifera 
Distiibution. and Ecology of Living 


Benthic Foiaminiferids By John W 
Murray Pp xu+274+12 plates 
(Heinemann London, June 1973) 
£7 50 


Tue successful application of foramini- 
feta to subsurface problems in the oil 
industry has led to a burgeoning interest 
in their recent ecology and to the second 
book ın a decade on their world distri- 
bution This compilation differs in 
being based entirely on records of living 
specimens Data from different authors 
are brought together and presented in 
a uniform manner largely through 
diversity plots, based on the now un- 
fashionable Fisher o index, and tri- 
angular plots of the main suborders 
This 1s a valuable synthesis though the 
individual sections are rather brief and 
tend to fall between the requirements 
of the research worker and the interested 
non-specialist 

The restriction to living records raises 
the problem of adequate sample control 
Methods are still on the whole crude 
and stations sparse The Phleger corer 
which provides the necessary undis- 
turbed surface material only works on 
certain bottoms Furthermore, living 
individuals are generally swamped by 
the dead This has driven the author 
to abandon the counts of 250-300 
individuals recommended 1n the Appen- 
dix and settle for 100 Even then many 
samples fall short of the required num- 
bers though comment on them is in- 
cluded These difficulties would better 
have been fully discussed in the intro- 
duction 

Perhaps partly because of these prob- 
lems, results are expressed in terms of 
relative per cent rather than absolute 
numbers, in spite of the admitted diffi- 
culties and the tréuble taken to 
standardise area/volume Unfortu- 
nately, this tends to perpetuate the un- 
warranted notion of a reciprocal relation 
between species They may be neutral 
rather than competing 

The second paragraph of the preface 
should not be taken too seriously 
because palaeoecologtt reconstruction 1s 
necessarily based on the fossilised 
remnant of the death assemblage 
Indeed, the thanatoeoenose may better 
represent total foraminiferal production 
over a period, precisely because of 
current mixing, despite the “veil of the 
Pleistocene” Jonn R HAYNES 
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Solar Radiation Changes and the Weather 


J. W. KING 


Radio and Space Research Station, Ditton Park, Slough SL3 9JX 





It is suggested, on the basis of pressure 
measurements, that energetic solar 


particles which penetrate the atmo- 
sphere in the north Atlantic region 


may be responsible, in some unknown 
manner, for certain meteorological 
variations. 





METEOROLOGISTS have conjectured for decades that secular 
variations and trends in the Earth’s climate may be asso- 
ciated in some way with changes 1n solar radiation occurring 
during the eleven-year sunspot cycle, early work on this 
subject has been comprehensively reviewed by Craig and 
Willett? 

It seems, however, on reading recent literature?* describ- 
ing the results of major analyses of meteorological para- 
meters, that the apparently very strong connection between 
the solar cycle and the weather 1s not generally appreciated 
Here I present evidence which indicates that important 
climatic features, such as droughts and unusually long 
‘growing seasons’, are dependent on the solar cycle to 
such an extent thet significant progress could be made in 
forecasting the occurrence of these features 1f some account 
were taken of the expected levels of solar activity in the 
future I also demonstrate that energetic particles may 
constitute one form of solar radiation which profoundly 
affects the lower atmosphere 


Solar Activity and the Weather 


Figure 1 shows how the length of the annual ‘growing 
season’ (that ıs, the portion of the year during which the 
air temperature 125 m above ground exceeds 56° C) at 
Eskdalemuir (55? N, 3° W) varied during the years 1916 
to 1969 This information was obtained from yearly values 
published by Gloyne? for 1914-71, these data have been 
smoothed by taking five-year running means and, therefore, 
smoothed results for the two years at the beginning and 
at the end of Gkoyne’s series are not available Also shown 
in Fig 1 are the yearly mean sunspot numbers for the 
same period There can be little doubt that the length 
of the growing season (which is a useful parameter for 
evaluating the impact of climate on agricultural production?) 
varies during the solar cycle, the season ıs on average 
about 25 d longer near sunspot maximum than near sunspot 
minimum <A more detailed comparison of the two halves 
of Fig 1 reveats the geophysically interesting fact that 
the growing season tends to be longest approximately 2 
year after sunspot maximum Gloyne pointed out that 
the growing seasen began very early in six years whic 
he regarded as anomalous , theseeincluded 1938, 1948, 1957. 
and 1959 which were years of high solar activity ° 

Of the twenty-five sunspot maxima which have occurred 
since 1700, the 1957 maximum was the largest and the 


1947 maximum the thyrd largest The 1969 maximum 
was relatively small and I therefore suggest that meteoro- 
logical data acquired during the two sunspot cycles between 
1944 and 1964 would be more suitable for investigating 
the relationships between solar activity and the weather 
than would data acquired since 1964 , 1944, 1954 and 1964 
were sunspot minimum years 

Figure 2 reveals additional information about the corre- 
lation between the solar cycle and the growing season at 
Eskdalemuir , the upper half shows the length of the grow- 
ing season for the years 1944-64 compared with the day 
number on which each season began (that 1s, the day in 
each year on which the smoothed temperature first reached 
56? C) while the lower half shows the growing season 
compared with the day number on which each season 
ended The length of the season is almost entirely depend- 
ent on the behaviour in the spring and it may be inferred, 
therefore, that the solar cycle influences the temperatures 
in spring rather than m the autumn 

One of the most comprehensive analyses of meteoro- 
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Fig.1 Upper, the length of the "growing season" (that is, the 
number of days in the year on which the averaged temperature 
exceeds 56° C) at Eskdalemuir (55? N, 3? W), the points 
show the five-point running means of the yearly values reported 
by Gloyne® Lower, yearly mean sunspot numbers 
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Fig 2 Length of the growing season compared with the day 

number on which the averaged temperature first reached 5 6? C 

1n each year (upper) and with the last day on which the tem- 

perature reached 5 6? C (lower) All data are five-point running 

means calculated from Gloyne's yearly values ——, Length of 
season, © --- O, first day 


logical temperatures ever made is that reported by Starr 
and Oort? who used a total of about 10 million individual 
measurements of temperature to obtain, for each of the 
60 months between May 1958 and April 1963, the average 
temperature of the bulk (92%) of the atmospheric mass 
in the northern hemisphere They subtracted the mean 
seasonal variation from the monthly values to obtain the 
‘residual’ temperatures plotted in Fig 3 and they drew 
attention to the decreasing trend which is such that the 
average temperature fell by 060° C over the five years 
The cause of this trend, they pointed out, 1s a "field wide 
open for speculation” The monthly mean sunspot num- 
bers for the 60 months have also been plotted in Fig 3 
and a comparison of the temperatures and solar data 
immediately suggests that the declining temperature trend 
may be caused by the decline ın solar activity One par- 
ticular feature of both sets of data which suggests that this 
18 so ıs the fact that ın the first year and the last year of 
the five-year period the smoothed variations (lower half 
of Fig 3) of both the temperagure and the sunspot number 
are relafively flat It 1s interesting, 1n view of the obviously 
high correlation between the smoothed temperatures and 
sunspot numbers, that there 1s only slight evidence that the 
two parameters are correlated on a month to month basis e 
some of the months in which the temperatures were rela- 
tively high or low are also months in Which high or low 
sunspot numbers occurred ° , . , 
Other meteorological data exist which indicate the exist- 
ence of a general decline m temperature ‘during the years 
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investigated by Starr and Oort Bradley’, for example, 
bas shown from his own observations and those of other 
workers? that the average elevation of the freezing level 
(the 0° C isothermal surface) over the Canadian Arctic 
region fell dramatically between the period 1957-62 and 
the years 1963-66 

Another recent analysis of meteorological data, for the 
years 1951-1969, has been reported by Winstanley’ who 
concluded that during the winter-spring seasons (October- 
May) a high negative correlation existed between (a) the 
height of the 500 mbar surface along 40? N between 
110° W and 70? E and (b) the rainfall over north Africa, 
the Middle East and north-west India Figure 4 shows 
ome of bis data which fall within the interesting. period 
944-64, also plotted (broken curves) are the smoothed 
monthly sunspot numbers corresponding to the mid-points 
of the October-May periods investigated The altitude 
of the 500 mbar surface seems to be highly correlated with 
solar activity while the rainfall at Beirut ıs highly negatively 
correlated with solar activity The rainfall was low during 
a period of several years centred approximately a year 
after sunspot maximum It must be conceded that the 
data reported by Winstanley for the period after 1964 do 
not fit mto the solar cycle pattern evident for the years 
1951-64, but this may be because the 1969 sunspot maxi- 
mum was very small compared with those of 1947 and 1957 

Jt 1s perhaps worth examining briefly the extent to which 
rainfall ın England ıs dependent on the solar cycle In 
order to do this, I have referred to Wales-Smith’s® analysis 
of monthly rainfall totals for the 274-yr period 1697-1970 , 
this contains Tables showing the years in which the six 
wettest and six driest months, seasons and so on, occurred 
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Fig. 3 Upper, monthly temperature residuals, calculated by 

* Starr and Oort?, showing the declining trend in the average tem- 

e perature of the lower atmosphere 1n the northern hemisphere 
Also plotted are the monthly mean sunspot*numbers Lower, 

e *smoothed variations of th@data shown above The two points 
at thé beginning and at the end of the temperature curve are 
necessarily not quite accurate The smoothed sunspot numbers 
are the conventional 12-month running means 6, Tempera- 

tures, ——, sunspot numbers 
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at Kew (51° N, 0° E) The solar activity corresponding 
to the years in which various abnormal rainfall totals 
occurred is shown in Fig 5 Figure 5a relates to the 
driest winters These seem to be associated with low 
sunspot numbers , of the eighteen years, four were sunspot 
minimum years and seven others were the year immediately 
following a sunspot minimum year Figure 5b shows, in 
contrast, that the driest springs, summers and autumns are 
associated with high solar activity, seven of the eighteen 
years were sunspot maximum years (The highly statistical 
nature of this type of analysis becomes apparent when it 
ıs pointed out that, in spite of the evidence of Fig 5b, 
the driest summers during the past 100 yr did not occur 
predominantly during active solar conditions ) 

Figure 5c shows the sunspot numbers corresponding to 
the six driest winters, driest years, wettest winters and 
wettest years , these all tend to occur around sunspot mini- 
mum and, in fact, not a single one of the twenty-four dates 
occurred’ in the upper half of a sunspot cycle At Kew, 
therefore, abnormal winter and arfnudi rainfalls occur during 
quiet solar conditions In view of the apparent dependence 
on solar activity of the date on which the growing season 
at Eskdalemuir begins, it is interesting to study Fig 5d 
which shows that the wettest and the driest April or spring 
weather occurs mainly at times of very low or very high 
solar activity , of the twenty-four different years involved, 
seven were sunspot minimum or maximum years and twelve 
were years immediately adjacent to a sunspot minimum or 
maximum year I conclude that abnormal rainfall in spring 
occurs at the extremes of the solar cycle, although the 
individual data show that the driest springs tend to occur 





iL 


100 


I 











ber for January 


CA 
c 
n2 
c 


Altitude of 500 mbar surface (geopotential metres) 





E 
i= 
8 
a 
0 £ 
3 
950 8 
E 
ES 
z J50 £ 
E E 
~~ "a 
E £ 
3 3 
tà 
= 850 - ho 
a 
c 
8 
= 800 
Z 150 
: | 





~ 
cA 
e 














1 380 
1963/64 


— —* ERE 
1957/58 1960/61 


"T 
1954/55 
Winter season 


1951/52 


Fig. 4 Plots showang, for October-May periods, the altitude of ? 

the 500 mbar surface at 40° N between 110° W and 70? E (uppere , 

section) and (lower section) the rainfall at Beirut (34° N, 86° E) 

(after Winstanley?) Also plotted are the 12-month running 

mean sunspot numbers centred on January a, Altitude of 
500 mbar surface, b, sunspot number, c, rainfall 
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Fig. 5 Histograms of the yearly mean sunspot numbers corre- 
sponding to years in which abnormal rainfall conditions at Kew 
(51° N, 0° E) were reported by Wales-Smith® (The numbers 
have been normalised by expressing them in the form 100 
(S-N)/(X-N) where S is the sunspot number, N the nearest 
minimum sunspot number and X the nearest maximum) a, 
Six driest October-March periods, 1697-1970, six driest winters 
(Nov -Feb ), 1697-1970, six driest winters (Nov —Feb ), 1871- 
1970 b, Six driest springs (Mar -Apr ), 1871-1970, six driest 
April-September periods, 1697-1970, six driest autumns (Sep — 
Oct), 1871-1970 c, Six driest October-March periods, 1697— 
1970, six wettest October-March periods, 1697-1970, six driest 
years, 1697-1970, six wettest years, 1697-1970 d, Six driest Aprils, 
1697-1970, six wettest Aprils, 1697-1970, six driest springs 
(Mar -Apr ), 1871-1970, Six wettest springs (Mar -Apr ), 
1871- 
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pear sunspot maximum while thé wettest springs tend to 
occur around sunspot minimum 

Further evidence of the fact that exceptional weather 
occurs at the extremes of the sunspot cycle has been pro- 
vided by Baur’, who showed that sunspot minimum and 
sunspot maximum years are the times of most probable 
occurrence of severe winters 1n the north-east United States 
and in north-central Eurone Some evidence exists that 
the English summer may behave ın a corresponding 
manner Information contained in Wisden” can be used 
to show that, of the twenty-eight occasions on which 
cricketers have scored 3,000 runs in a season in England, 
sixteen have been 1n sunspot maximum or minimum years , 
the five years m which this rare phenomenon occurred 
more than once were all sunspot minimum or maximum 
years Likewise, thirteen of the fifteen occasions in which 
a batsman has scored 13 or more centuries in a season 
took place in, or within a year of, a sunspot maximum or 
minimum year 


Energetic Solar Particles and the Weather 


It ıs now well established" that the density and tempera- 
ture of the atmosphere above about 100 km vary markedly 
with solar activity during the 27-d solar rotation periods 
and eleven-year solar cycles — Jacchia! has shown that the 
average value of the exospheric temperature increases from 
about 750 K at sunspot minimum to about 1,200 K at 
sunspot maximum , the 27-d oscillations have an amplitude 
of approximately 200 K. Even though such effects in 
the upper atmosphere are well known, the physical 
mechanisms by which corresponding effects might be pro- 
duced at lower heights are nét clear ° 

Meteorological evidence exists, however, which can be 
used to demonstrate that solar radiation in the form of 
energetic particles may influence the weather The direct 
entry of solar wind pamicles to the near-environment of 
the Earth varies with the magnetic invariant latitude (not 
to be confused with magnetic Jatitude, geomagnetic latitude 
ot magnetic dip) and has *been observed to be most 


pronounced at mvariant latitudes of 752 to 79° near local 
. , " . 
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Fig. 6 A plot in geographic coordinates containing contours 

(continuous curves) published by Bradley* showing the average 

height of the 850 mbar surface ın July during the years 1964-72 

---, Positions of lines of constant invariant latitude, the 
invariant magnetic pole ts marked 90 


magnetic noon Such observations are consistent with 
predictions made using observed" and theoretical? models 
of the magnetosphere, these models show that the high 
latitude areas surrounding the invariant latitude poles are 
strongly shielded against the incursion of solar particles 

Figure 6 contains contours, published by Bradley‘, show- 
ing the average height of the 850 mbar surface in July 
over the Canadian Arctic region during the years 1964—72 
These contours are compared in Fig 6 with curves repre- 
senting the 70°, 75°, 80? and 85° invariant latitude. lines 
Over most of the area the meteorological contours are 
nearly parallel to the constant-invariant-latitude lines, the 
south-eastern sector 1s, however, as Bradley pomted out, 
dominated by a ridge of high pressure This ridge 1s seen 
to occur at invariant latitudes between 76° and 79°, pre- 
cisely where solar wind particles penetrate into the atmo- 
sphere most easily The magnitude of the ridge may be 
seen by following the 70° W geographic meridian towards 
the invariant pole, the pressure is greatest at a latitude 
of about 78° invariant 

The evidence contained in Fig 6 does not, of course, 
demonstrate conclusively that the meteorological pressure 
1n the region investigated ıs affected by energetic particles, 
but it certainly suggests that further analyses of this kind 
should be undertaken The incident particle energy and 
the regions to which it penetrates will vary during the 
solar cycle, with season and as a function of the magnetic 
activity prevailing, so 1t should not be expected that meteoro- 
logical effects which may be associated with particles will 
remain constant Bradley has observed that the pressures 
over the Canadian Arctic were very different in 1955-63 
from those in 1964-72 

As long ago as 1948, Duell and Duell? noticed that, 
under certain conditions, geomagnetically disturbed days 
were followed by pressure rises of about 3 mbar in the 
Greenland-Iceland area It seems reasonable to suggest 
now that this behaviour may be a consequence of the incur- 
sion of energetic particles which arrive at an invariant 
latitude of about 75? during disturbed conditions (Frank? 
showed “hat particles enter at 79? during quiet conditions, 
but at a latitude lower by about 4? invariant during dis- 
turbed conditions) The 75? invariant latitude line passes 
through a point 40° W, 69° N (that 1s, through the entree 
of southern Greenland), within the region where pressure 
increases are observed It is interesting to note in this 
connection that! climatic fluttuations which are global qr 
hemispheric 1n extent are most pronounced 1n high northern 
latitudes, particulany around the north’Atldntic 
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Implications for Weather Prediction 


The results of several recent meteorological studies have 
been used to show that changes which occur in the solar 
radiation during the sunspot cycle appear to be accom- 
panied by secular meteorological variations that affect the 
temperature and pressure in the northern hemisphere The 
growing season 1n Scotland, for example, seems to be highly 
dependent on the sunspot cycle and it seems reasonable 
to suggest that investigations of how to incorporate solar 
activity 1nto long-range weather forecasts issued for agri- 
cultural planning purposes, for example, may yield signifi- 
cant returns for the effort involved 

The effect of solar activity changes on rainfall may be 
very indirect and therefore less distinct, although ıt seems 
that very reduced winter rainfall occurs over parts of the 
north Africa-north India region following periods of high 
solar activity This result may seem more significant when 
related to the fact that the driest winters at Kew occur 
during years of low salar activity 

The physical mechanisms by which solar radiation and 
the weather are connected are undoubtedly complex and, 
at the present time, quite unknown It has, however, been 
concluded that solar wind particles entering the atmosphere 
at invariant latitudes between 75° and 79° may be associated 
with meteorological pressure changes If further work 
shows that this 1s indeed the case, a major clue in the 
field of solar-weather relationships will have been estab- 
lished It should be borne ın mind in our present state 
of ignorance that meteorological effects associated with 
energetic particles may not be produced directly , variations 
in the Joule heating produced by the auroral electrojet or 
other current systems (in the ionosphere or even in the 
Earth) which are affected by solar changes may be involved 
It has already been established’? that the neutral atmo- 
sphere above 100 km 1s very sensitive to geomagnetic 
disturbances and the normal thermospheric winds, the 
existence of which was first postulated” in 1965, will be 
drastically altered? during disturbed conditions 

The sunspot number 1s, however, a relatively crude index 
of solar activity which should be abandoned, in future 
work on solar-weather relationships, ın favour of a more 
meaningful index such as the velocity of the solar wind 
or even the 107 cm solar flux 
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Regional Distribution of Opiate Receptor 
Binding in Monkey and Human Brain 
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The frequency of opiate receptors varies 
dramatically throughout the human 
and monkey brain. The authors describe 


a relationship between the distribution 
of opiate receptors and of neurotrans- 
mitters. 





BasED on the prediction of Goldstein et al! that opiate 
receptor interactions should be stereospecific, we recently 
demonstrated binding to a pharmacologically relevant opiate 
receptor in the brains of several mammalian species’, a 
finding which has been independently’ and subsequently® 
confirmed. Opiate receptor binding seems to be restricted to 
membrane fractions in nervous tissue’, and has been demon- 
strated 1n a large number of vertebrate species, but cannot 
be detected 1n invertebrates (Pert, Aposhian and Snyder, in 
preparation) Binding js sensitive to low concentrations of 
phospholipase A and proteolytic enzymes such as trypsin and 
chymotrypsin®, Although corresponding opiate agonists and 
antagonists do not differ ın their affinities for the opiate 
receptor im vitro, antagonists are markedly more potent in 
increasing the number of opiate receptor binding sites after 
administration ın vivo, a finding which ıs unrelated to dif- 
ferential drug metabolism or penetration into the brain’ 

To elucidate how opiate receptor interactions mediate 
pharmacological effects, and to identify a possible naturally 
occurring substrate for the opiate receptor, we investigated 
opiate receptor binding in different regions of the rat brain? 
Binding was highest in the corpus striatum, undetectable in 
the cerebellum and intermediate in other areas, which 
parallels the regional] distribution of acetylcholine To evaluate 
regional localisation of the opiate receptor 1n greater detail, 
we have measured opiate receptor binding 1n many regions 
of monkey and human brain In addition we have evaluated 
the influence of lesions of neurotransmitter-specific tracts on 
opiate receptor binding in the rat brain 

Five rhesus mopkeys (Macaca mulatta) were injected intra- 
peritoneally with 30-45 mg kg™ of sodium pentobarbital, a 
drug which has no influence on opiate receptor binding after 
in vivo or in vitro administration in high doses’, and were 
decapitated 2 h later The skull was opened with an 
autopsy saw and the brain transferred to 1ce-cold 09% NaCl 
within 5 min Two human brains were obtained from male 
subjects aged fifty-seven and forty-eight yr, 10 to 14 h 
after their deaths, from gunshot wounds to the thorax end 
acute myocardial infarction respectively The human 
corpses were maintained at 4° C beginning 1-2 h after death 
until the brain was removed To examine the effect of thise 
treatment on opiate receptor binding, a group qf four rats wag 


killed, maintained first at 25? C fof 2 h and then at 4%C for * 


4h before assay The treatment produced a 35-40% decrease 
1n stereospecific opiate-feceptor binding when compared with 


the brains of rats killed and assayed immediately, but the 
regional variation between cortex and striatum? was pre- 
served by this treatment After dissection, brain regions were 
homogenised ın 150 volumes of 0 05 M Tris buffer and pro- 
tein concentrations were determined® Stereospecific opiate 
receptor binding was assayed on the fresh homogenates by a 
modification of previously described methods?’ Homo- 
genates (1 9 ml) were incubated ın triplicate in the dark for 
30 min at 25° C in the presence of 100 nM levorphanol or 
dextrorphan after the addition of ?H-dihydromorphine (1-2 
nM final concentration), filtered and washed with two 5 ml 
portions of ice-cold Tris buffer Binding values reported 
were linear with tissue protein 

Radio frequency lesions were used to destroy the medial 
septum, locus coeruleus and midbrain raphe nuclei of chloral 
hydrate anaesthetised rats This treatment results in an 
extensive degeneration of cholinergic, noradrenergic and 
serotoninergic tracts respectively in various forebrain regions 
Degeneration appears to be complete at approximately 7 d 
after lesioning??? 


Regional Distribution of 

3H-Dihydromorphine Binding 

Opiate receptor binding varied dramatically throughout 
the monkey brain, with more than a thirty-fold variation 
(Table 1) The amygdala contained the greatest amount of 
binding, with the anterior portion displaying almost twice 
as much binding as the posterior amygdala Binding in the 
periaqueductal area of the midbrain was about the same as 
that of the posterior amygdala The hypothalamus and 
medial thalamus, the next highest areas, displayed only about 
40% of the binding of the anterior amygdala No regional 
variations were detected within the hypothalamus, while the 
medial thalamus possessed about three times as much binding 
as the lateral thalamus In the head of the caudate, receptor 
binding was about 80% of that in hypothalamus and medial 
thalamus, double that of the body and tail of the caudate 
and 1.7 times binding 1n the putamen Levels of binding in 
the putamen were similar to those of the hippocampus, the 
superior colliculi, 1nterpeduncular nucleus area, frontal pole 
and superior temporal gyrus of the cerebral cortex 

Within the cerebral cortex there were marked regional 
variations Thus binding in the precentral gyrus, postcentral 
gyrus and occipital pole was less than a quarter of that in the 
frontal cortex Receptor binding was very low or not 
detectable ın white matter ageas such as the corpus callo- 
sum, corona radiata, fornix and optic chiasm T 

As had been observed before?, opiate receptor binding was 
quite low 1n the cortex and dentate nucleus of the cerebellum 
‘and irt the lower brain sterg and spinal cord Within the spinal 
cord, binding was greater 1n grey than 1n white matter 

For some brain regions, several concentrations of 
3H-dihydromorphine "were examined Kinetic analysis of 
these data indicated, that regional differences ın stereo- 
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specific *H-dihydromorphine binding reflected variations 1n 
total number of receptor sites (V,,x) rather than in 
affinity (Km) 

Regional variations 1n opiate receptor binding in the human 
grossly resembled those 1n the monkey The greatest amount 
of binding was in the amygdala and the thalamus The 
thalamic sample analysed represented predominantly 
medial portions of this brain region The concentration of 
opiate receptors was next highest in the human in the head 
of the caudate and the hypothalamus In the human as ın 
the monkey, the periaqueductal area of the midbrain and 
the putamen displayed high levels of binding, while negligible 
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binding was detected in the cerebellar cortex. Also as in 
the monkey, binding varied within the human cerebral 
hemisphere, with five ttmes as much binding ın the frontal 
pole as 1n the occipital pole and negligible binding in the 
corona radiata 


Comparisons with Neurotransmitter 
Distribution 
Most brain biochemicals are distributed rather uniformly 


throughout the brain. The striking heterogeneity of opiate 
receptor distribution is reminiscent of the large regional dif- 


a n a —— —————— 
Table 1 Opiate Receptor Binding in Regions of Monkey and Human Brain, Choline Acetyltransferase, GABA and Tyrosine Hydroxylase 





` Distribution in Monkey Brain 
Human Macaca mulatta 
Stereospecific Stereospecific Choline acetyl- , Tyroaine 
dihydromorphine dihydromorphine transferase e e GABA* hydroxylase * 
Region binding (fmol binding (fmol (nmol per 30 min (nmol per mg nmol dopa formed per 
per mg protein) per mg protein) per mg protein) protein) h per g frozen tissue 
Cerebral hemispheres 
Frontal pole 146 (1) 119-14 (4) 24 18.81 lit 
Superior temporal gyrus 108225 (3) 27 
Middle temporal gyrus 71 (1) 
Inferior temporal gyrus 60 (1) 
Precentral gyrus 34 (2) 26 1881 «0.51 
Postcentral gyrus 28 (2) 26 
Occipital pole 28 (2) 23405 (4) 18 2247 10t 
White matter areas 
Corpus callosum «2 (2) 08 
Corona radiata <2 (1) <2 (2) 
Anterior commissure 54 (2) 
Fornix «2 Q) 42 
Optic chiasm «2 (2) 06 
Limbic cortex 
Anterior amygdala 651421 (4 
Posterior amygdala 341442 (4) 
Amygdala 464436 (4) 
Hippocampus 12.4 (1) 125422 (4) 72 
Hypothalamus 
Medial hypothalamus 278 (1) 2424+32 (4) 
Anterior hypothalamus 279 (1) 243-37 (3) 46 . 
Posterior hypothalamus 24714 (3) 40 
Hypothalamus 218 (1) 232 (1) 59.6 82 
Mammillary bodies 5.1 (1) 50 (1) 
Thalamus 
Medial thalamus 246+16 (3) 263 <02 
Lateral thalamus 78 (2) 225 35 
Thalamus 485490 (4) 
Extrapyramidal areas 
Caudate nucleus (head) 38 0,239 (2) 194-23 (4) 25 4 28 4§ 108 8§ 
Caudate nucleus (body) 90-12 (3) 
Caudate nucleus (tail) 89-30 (3) 
Putamen 112,277 (2) 1174+419 (6) 381 29 5 1116 
Globus pallidus 67 (1) 77 (2) 852 364 
Internal capsule 54 Q) 61 
Midbrain 
Superior colliculi 106-20 (3) 88 375 «08 
Inferior colliculi 671070 (3) 62 449 «08 
Interpeduncular nucleus area 137415 (2 326 
Raphe area 82 2) 
Periaqueductal grey 212 (2) 311-46 (4) 55 402 $ 60 
Cerebellum-lower brain stem 
Pons (ventral) 14 (2) 54 
Cerebellar cortex <2 (2) <2 (2) 04 167 0 
Dentate nucleus 19 (2) 13 421 <0.1 
Floor of fourth ventricle 63+13 (3) 60 
Pyramidal tract 30 (2) 11 
Lower medulla r 58 (2) 56 p 
Spinal cérd (thoracic) 
Dorsal column (white) 31 (2) °° $ 
Lateral cord (white) 33 (1) 14 
Grey matter 88 (B 54 3 


[J 
* From Côté and Fahn!5:16, + Cortex, unspecified 
Opiate receptor binding was assayed as described in the text 
of determinations 
levorphanol or dextrorphan 


t Motor corjex 
s Valles represent the mean s e m*followed 1n parentheses by the number 
Each deterniination was calculated from tripligate incubations with 1 nM ?H-dihydromorphine ın the presence of 100 nM 
Choline acetyltransferase values are the average of two determinations, each performed 1n duplicate 


§ Caudate, unspecified 
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ferences found for concentrations of neurotransmitters and 
their biosynthetic enzymes 

Because initial regional studies in the rat brain? had 
suggested an association with cholinergic neuronal systems, 
samples from monkey brain regions were also assayed for 
choline acetyltransferase Both similarities and differences 
existed ın the regional distributions of choline acetyl- 
transferase and the opiate receptor (Table 1) Thus while 
both choline acetyltransferase activity and opiate receptor 
binding values in the monkey were high ın the caudate, the 
putamen contained the highest choline acetyltransferase 
values but only moderate opiate receptor binding The peri- 
aqueductal area of the midbrain, which contained the second 
highest opiate receptor values, possessed only moderate 
choline acetyltransferase activity 

Regional variations 1n ‘y-aminobutyric acid (GABA) con- 
tent in rhesus monkey brain also displayed both similan- 
ties to and differences from that of the opiate receptor 
(Table 1y Thus while the hypothalamus was rich ın GABA 
content and opiate receptor bin&ing, the globus pallidus, 
which contained one of the highest GABA concentrations 1n 
the brain, was relatively low in opiate receptor binding 
The occipital cortex contained more GABA than the frontal 
cortex, while their relationship was reversed for opiate recep- 
tor binding Although GABA levels are known to rise rapidly 
after death, levels reported for rhesus monkey brain were 
closely similar to those for glutamic acid decarboxylase”, 
the GABA synthesizing enzyme in this species suggesting 
that these levels reflect the occurrence of GABA neurones 

Regional differences ın tyrosine hydroxylase activity” 
should provide some index of the relative density of dopa- 
mune and norepinephrine neurones Like the opiate receptor, 
high tyrosine hydroxylase activity occurred in the caudate 
Although the putamen was as active in tyrosine hydroxy- 
lase as the caudate, 1t contained only half the opiate receptor 
binding of the caudate The hypothalamus and periaque- 
ductal grey were relatively rich 1n tyrosine hydroxylase and 
also contained high levels of opiate receptor binding While 
the medial thalamus contained much more opiate receptor 
binding than the lateral thalamus, the reverse situation 

* 

occurred for tyrosine hydroxylase activity Within the corpus 
striatum the relative amounts of tyrosine hydroxylase 
activity 1n caudate nucleus and globus pallidus were similar 
to the relative proportions of opiate receptor binding 

Although we are not aware of a detailed study of the 
regional distribution of serotonin, or its biosynthetic enzyme 
tryptophan hydroxylase, in rhesus monkey brain, data from 
cat brain may provide relevant information”, The highest 
tryptophan hydroxylase activity 1n cat brain was observed 
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in the caudate, which was about 1 6 times that of the hypo- 
thalamus and about twice that of the amygdala Thus for 
both tryptophan hydroxylase and opiate receptor binding, 
these three regions were the highest in the brain, although 
their relationship was reversed, since for the opiate receptor 
the amygdala contains substantially more binding than the 
caudate The midbrain raphe area, which contains the cell 
bodies of serotonin neurones ın the brain, ıs, however, one 
of the richest areas in tryptophan hydroxylase activity but 
1s quite low 1n opiate receptor binding 


Transmitter-specific Lesions 


Whereas the regional distribution of opiate receptor 
binding does not correlate perfectly with that of any known 
neurotransmitter or its enzymes, 1t 1s conceivable that opiate 
receptor sites are contained within a single neurotransmitter- 
specific tract in such a way that they fail to parallel the bio- 
chemical markers we considered Accordingly, lesions were 
performed on specific cholinergic, noradrenergic and sero- 
toninergic tracts Lesions of the septal area of the rat brain 
destroy cholinergic projections to the hippocampus, as is 
shown by a profound reduction 1n hippocampal levels of 
acetylcholine, choline acetyltransferase and high affinity 
choline uptake" (Table 2) At intervals of 4, 7, 15 and 49 d 
after such lesions there was no alteration in opiate receptor 
binding 1n the hippocampus Electrolytic lesions of the locus 
coeruleus destroyed ascending noradrenergic projections 
causing a 70% decrease in endogenous noradrenaline ın the 
ipsilateral cerebral cortex? ‘*H-Noradrenaline uptake 1s 
reduced in brain regions where noradrenergic neurones have 
been destroyed" There was no associated change 1n opiate 
receptor binding 21 d after placement of the lesion (Table 2) 
Electrolytic destruction of the midbrain raphe nuclei 1s 
followed by a 70-80% decrease in high affinity serotonin 
uptake, endogenous serotonin and tryptophan hydroxylase 
activity ın the forebrain??, but no change ın opiate receptor 
binding was apparent 1n the forebrain 15 d after placement 
of the lesions (Table 2) 

The failure of lesions of noradrenergic, serotoninergic and 
cholinergic pathways to alter opiate receptor binding in areas 
in which terminals of these pathways were destroyed indi- 
cates that the opiate receptor 1s not a unique component of 
axons or nerve endings of any one of these neuronal tracts 
Because considerable amounts of opiate receptor binding 
are detected 1n forebrain areas which lack serotoninergic 
and catecholaminergic cell bodies, ıt ıs unlikely that the opiate 
receptor 1s associated exclusively with cell bodies of these 
neuronal systems We cannot exclude the possibility that 
opiate receptor sites are associated with post-synaptic ele- 
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Table 2 Effect of Destruction of Noradrenergic, Serotoninergic and Cholinergic Tracts on Opiate Receptor Binding 





Assay (control/lesion) 


Neurotransmitter Lesion area Assay area Days Opiate receptor 
. post-lesion NA uptake (fmol per mg protein) 
Noradrenaline (NA) ^ Locus coeruleus Ipsilateral cerebral cortex 21 0 88/0 37 40+02/414+02 
5-HT uptake 
Serotonin (5-HT) Midbrain raphe nuclei Forebrain 15 34/10 19+0 3/22403 
Choline acetyltransferase 

Acetylcholine Medial septum Hippocampus 4 3 4/0 68 165+2 0/17 4422 
7 — 21342 1/222+19 
15 3 9/0 6$ 17 8+2 8/19 0&1 9 

ee 49 — 18 6+09/174+12 





Lesioned animals were prepared as described ın the text 
previously described?:11 


Syndptos 
Placement of lesions was verified by histolegical examfhation 1n all cases, and uptake and enzyme assays were used 


al uptake and choline acetyltransferase assays were performed as 


with some animals from each group to further verify tract degeneration Incubation media concentrations of NA and 5-HT were 0 1 pM and 
10 nM respectively Uptake results are mean values from three ahitnals and are expressed ds pmol per 4 min per 18 mg protein Choline 


acetyltransferase activity 1s expressed as pmol h-! g-! Opiate receptor binding was assayed as described 1m the text 
mean+sem of five experimental determinations and their five controls 
1 nM ?H-dihydromorphiné ın the presence of 100 nM levorphanol or dextrorphan. © n 


Values represent the 
Each determination was calculated from triplicate incubations with 
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ments of these tracts, or with more than one neurotransmitter 
system 

Does the relative density of opiate receptor sites in par- 
ticular brain areas reflect their role 1n the pharmacological 
actions of opiates? In experiments 1n which morphine was 
injected stereotaxically into numerous sites of rhesus monkey 
brain, the analgesic response was limited to the mesencephalic 
and ventral diencephalic areas surrounding the third and 
fourth ventricles Analogous experiments with rodents also 
suggest that these areas are critical for eliciting analgesia”! 
Following application of naloxone crystals to several sites 
in the rat brain, abstinence signs ın opiate-addicted animals 
were most frequently elicited in the medial thalamus and in 
medial areas of the diencephalic-mesencephalic junctures”, 
which are among the richest 1n opiate receptor binding 

Interestingly, these regions and others rich in opiate 
receptor binding are all portions of the limbic system? In 
our dissection, the head of the caudate, with more than twice 
the receptor binding of other parts of the corpus striatum, 
includes the nucleus accumbens, a component of the limbic 
system The frontal and superior temporal cerebral 
cortices, more closely associated with the limbic system 
than other areas of the cerebral cortex, contain four to five 
times more receptor binding than other parts of the cerebral 
cortex Opiate receptor binding 1s, however, not uniformly 
high throughout the limbic system, since the mammillary 
bodies and hippocampus respectively possess low and 
moderate binding activity 

What 1s the significance of the dramatic regional variations 
in the density of opiate receptor sites? If these binding sites 
are receptors for some naturally-occurring brain constituent, 
one might expect such a compound to have a similar regional 
localisation The absence of a close correlation with known 
neurotransmitters and the failure of specific lesions to alter 
opiate receptor binding argues against an exclusive associa- 
tion with cholinergic, serotoninergic or noradrenergic neu- 
rones It 1s, of course, conceivable that the opiate receptor 1s 
unrelated to any neurotransmitter system, known or un- 
known Still, the striking regional variations indicate that ıt 
must be associated with some brain component possessing a 
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‘iambic’ distribution, whose identification would shed light on 
the mechanism of opiate action 
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ration of this manuscript, and Mrs Adele Snowman for 
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Public Health Service Johns Hopkins Drug Abuse Research 
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Nature of the Lower D Region 
of the Ionosphere 


IONS 1n concentrations of about 10? to 10? cm? have been 
measured during day and might by means of rockets in 
the mesosphere The resulting data have been used by 
Bragin et al!? as the basis of two hypotheses (1) that 
the high concentrations of 10ns below 90 to 80 km 1s pro- 
duced during both day and night by the ionising agent 
(the flqw of particles with nfedium energies) and (2) that 
the D region of the 1onosphere below 80 km 1s formed 
in daytime because of the photodetachment of electrons 
from negative ions by photons of sunlight with energies 
below 10 eV No assumptions have been made abdut thé 
nature of the negative ions involved ,The data for the 
actual aeronomic reactions used were as follows (1) the 
rate coefficient of the detachment df electrons from the 
negative ions was assumed to be 1) to 5x107 s, (2) 


. 9 


the rate coefficient of the detachment of electrons from 
negative ions by processes other than photodetachment was 
assumed to be of the order of 1 s^ at 60 km, and 107 
to 107? s~! at 80 km, (3) the rate of attachment of electrons 
to the molecular oxygen was assumed to be 15x10-9? 
[O,P cm? s, where [O,] 1s the concentragion of the mole- 
cular oxygen corresponding to the standard atmosphere 
Thomas ef al** have solved the continuity equations 
numerically using up to date data about the molecular 
ionic structure and the aeronomic reactions in the D region 
of the 1onosphere The profiles of the. concentration of 
electrons obtained in the daytime and at night confirmed 
the hypothesis that the daytime D region of the 1onosphere 
below 80 km may be formed by photodetachment of 
electrons The larger ions, probably hydrates, have not 
*been taken 1nto account 1n the calculations of Bragin et al 
eand Thomas et al, which is a considerable simplification 
a af the problem, as Thomas et al have pointed out Another 
* short«oming of that work is that the results of direct 
measurements in the D region came? out by Soviet workers 
are omitted 
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The primary information about the nature of the negative 
1ons in the mesophere above 70 km 1s given by mass spectro- 
metric measurements*? Unfortunately, not all the ions 
contributing to the total ionic current in the mass spectro- 
meter were classified into 10n species, and the identifications 
of the larger ions are not certam Thus, the nature of the 
principal ions, both positive and negative, in the D 
region below 80 km is still not known On the other 
hand, it seems that the negative and positive tons 
below 70 to 80 km are larger cluster 1ons Thus, the 
next step in the development of the hypotheses of formation 
of the daytime D region of the ionosphere will be the intro- 
duction of the larger ions into the equilibrium equations 
The ideal would be to obtain direct mass spectrometric 
measurements of the concentration and constitution of the 
larger ions But that is a task for the future 

There are other experimental data which illustrate the 
action of the photodetachment processes at 60 to 80 km 
The dependence of the electrical ,cohguctivity o, measured 
by day and night flights of rockets in the autumn of 1971, 
on the height in the atmosphere ıs shown by Bragin er al’ 
The method of dissipation of electrical charge was used 
in these measurements, o was determined by the time 
constant of the charge dissipation of a charged sphere 
placed in front of the nozzle of the rocket, and the result 
obtained showed that at heights of 60 to 80 km the con- 
ductivity at night was 107? to 107? Q! m7, and in the 
day 10-9 to 107? Q7 m-! The diurnal variation of the 
total’ concentration of charged particles [n+] was not so 
great at these heights The concentration of charged 
particles [n+] was determined by measuring the saturation 
current J, produced by small ions entering from the atmo- 
sphere, together with the airflow running to the rocket, 
into a hollow cylinder with a cross section F The aero- 
dynamics of the cylinder were adjusted so that in the 
calculations the formula 


[n+]= LJev.F 


could be used. with’ v, the speed of the rocket It may be 
concluded that the sharp increase of the conductivity o= 
e[n-]u,, during the day was caused mostly by the 
increase of the daytime effective mobility e This may 
happen in the atmosphere at sunrise, because of the ap- 
pearance of light charged particles, probably electrons 
This effect was observed down to 20 km Thus, the day- 
time light particles below 80 km are not necessarily electrons 

The data relevant to hypotheses about the D region of 
the ionosphere can now be supplemented by the results of 
rocket measurements of aerosols in the atmosphere up to 
90 km by means of optical counters The conductivity o 
was measured simultaneously The maxima of concentra- 
tion of aerosols were mostly observed when the electrical 
conductivity was at minima Thus, the possibility of 
regulating the number of charged particles ın the D region 
of the 10nosphereeby aerosols may be taken into considera- 
tion 

The maximal values of E,—10 V m^ were measured at 
about 60 km by the first rocket measurements of the vertical 
component of the electrical field up to a height of 90 km 
(ref 10) The separation of charged particles, including 
aerosols, by electrical fields must be taken into account in 
the theory of the D region as 

The collected data do not contradict the idea of the 
formation of the lower part of the D region of the 10no-, 
sphere by the photodetachment of electrons from the nega- 
tive ions or other, particles (for example, from charged * 


aerosols) But the further developrgent of a scientific theory* e 


for the D region of the ionosphere will not be forcéd by 
estimations like those considered in refs 1 and 2 or by 
mathematisation or méchanisation of the equilibrium equa- 
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tions (a method which now fascimates many people), with- 
out taking into account information about the constitution 
of the larger 10ns and aerosol particles and the electrical 
fields 1n the lower atmosphere 


YU A BRAGIN 


Novosibusk State University, 
Novosibirsk 90, USSR 
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Production of Ice Crystals in Slightly 
Supercooled Cumulus 


PERHAPS the most puzzling observation in cloud physics 
reveals that some slightly supercooled cumulus clouds, with 
summit temperatures only a few degrees below 0° C, contain 
high concentrations of ice crystalsk—two to four orders of 
magnitude greater than the concentrations of ice nuclei 
measured 1n clear air at the same level According to a series 
of careful and detailed aircraft observations and measurements 
by Mossop and his colleagues, such high concentrations of 
crystals occur only 1n aged cumulus that has been 1n existence 
for some time and acquired widths of several kilometres but 
are absent from newly rising cloud towers They are also 
absent from slightly supercooled stratocumulus clouds Mossop 
et al '? report small ice crystals in concentrations of 10 to 
100 17! 1n clouds with summit temperatures as high as —8? C 
but always in association with rimed ice pellets of diameter 
of order 1 mm in concentrations of order 1 ]~! and with large 
droplets of r>250 um in concentrations of order 100 m-? 
The concentrations of ice nuclei active at — 8? C are below 
those that can be reliably measured by conventional techniques 
but probably do not exceed 1 m-? 

This large discrepancy between the concentrations of ice 
crystals and of 1ce nuclei suggests that some process of ice 
crystal multiplication must be active in the cloud The most 
plausible suggestion 1s that small ice splinters are ejected during 
the accretion and freezing of supercooled cloud droplets on 
small ice pellets which would be consistent with the fact that 
high concentrations of 1ce crystals occur only 1n the company 
of relatively large rimed 1ce particles Although ice splinters 
are sometimes observed to be ejected during the freezing of 
drops of r>30 pm, a careful series of laboratory experiments 
by S C Mossop, J L Brownscombe and G J Coltins (to 
be published) and by M Bader et al (to be published) have 
found the rate of splinter production during the growth of 
ming elements to be much too low to account for the high 
concentrations of ice cryst&ls ın clouds reported by Mossop 
et al if the rimed particles are assumed to originate at much 
the same level as the crystals are observed 

The picture changes substantially, however, once one 
realizes that the large timed pellets can hardly have grown 
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in situ but must have originated at a higher level and grown by 
accretion as they fell towards the level of observation In 
other words, we postulate that, 1n an earlier, active stage of 
its development, the cloud top penetrated to higher and colder 
levels and subsequently subsided to a lower level by the time 
1t was penetrated by the observing aircraft For example, a 
rising cumulus tower reaching to only 1 km above the observa- 
tion level would attain a temperature some 8° C lower and 
activate a nucleus concentration two orders of magnitude 
greater than that to be expected at the observing level Ice 
particles originating at these higher levels would then grow 
by the accretion of cloud droplets and by shedding 1ce splinters 
during their fall through the subsiding cloud tower and might 
largely account for the ice crystals appearing at and below the 
observing level 

I shall suppose that at some earfier stage 1n its history the 
cloud reached a maximum herght zm above the observing level 
z=0 At some intermediate level, z, a concentration N(z) of 
ice nuclei 1s activated and forms ice particles that continue to 
grow by vapour deposition and accretion of droplets and 
finally arrive at the observation level with radius R(z,0) 
The concentration of ice splinters produced at the observation 
level by ice particles originating at levels between z and z+ dz 
is then 


As(z,0)= E N(z) n R?(z,0)n f dz (1) 


where E 1s the collection efficiency of the 1ce pellet for cloud 
droplets of concentration n, and f ıs the fraction of collected 
droplets that produces an ice splinter 


But R(z,0)= Ewz/4p (2) 


where w is the concentration of liquid wate: and p is the 
density of the rimed pellet 

The concentration of splinters at the observing level due to 
ice pellets arising at all levels up to Z= Zm 1s then 


S= (E*nv?nf]6p?)N ^de 8) 


Since measurements indicate that, on average, ice nucleus 
concentrations increase ten-fold for every 4? C fall 1n tempera- 
ture, corresponding to an increase ın height of about 500 m 
in the cloud, it follows that 


N= No exp(az) (4) 


where No 1s the concentration active at the observing level 
and a=4 6x 10-5 cm~! 
Equation (3) then becomes 


S/No= (E?nw?nf]16p?)[(exp(az,)/a)(z? — 22m/0+ 2/0?) — 2/3] 
(5) 


Putting E=0 8, w=1 g m-?, 12100 cm-?, p=0 3 g cm-? gives 
the values (Table 1) of the ice-crystal multiplication factor 
S/Nof for various values of zm and the corresponding values for 
the radu of the largest rimed pellets crossing the observation 
level 

The times, ¢, taken for the pellets to reach these sizes are given 
by 


t= (4p/Ew)JdR/V (6) 


where heir fall velocity? 


; V= 300+ 100 log 2R (7) 

*. . e. 

V being in cm s^! and Rin em , They are shown on the last 
line of Table 1 ` 

Thus if, on average, an 1ee Splinter, were shed by a rimed 

pellet for the accretion of every 1,000 droplets, that 1s, f= 10- =e) 

equation (5) predicts that ice pellets falling from up to 1 km 


. ‘contain high Concentratians of crystals 
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above the observing level would produce a concentration of 
1ce crystals some 1,000 times greater than the concentration 
of ice nuclei initially active at that level Assuming the latter 
quantity at the —8° C level to be No=1 m~’, the calculated 
1ce crystal concentration at that level 1s 1 I-! and somewhat 
higher than this at levels closer to the 0° C 1sotherm 


Table 1 Calculated Parameters for Ice Crystals 





Zm (km) 
10 125 15 20 
SINS 16x 10° 83x108 4x107 10° 
Rmn (mm) 0 67 0 83 10 133 
t (s) 540 630 720 


Further multiplicatien of the 1ce crystal population would 
seem to require a second stage in the growth of the cloud 
unless the first tower ascends to considerably more than 1 km 
above the observing level before subsiding Table 1 shows 
that such an ascent to 1 5 km would produce a multiplication 
factor of 4,000 Alternatively one may envisage a second 
stage 1n which the crystals produced between, say, the 0? and 
— 8? C levels during the first stage are caught up 1n a newly 
rising tower, the summit of which also reaches 1 km above 
the —8? C level. Assuming that the ice crystals become 
uniformly mixed through the volume of the new thermal 
during its ascent, reach a concentration of N=1 1-1, and that 
these grow by accretion, produce splinters and eventually fall 
out through the —8? C level, they would produce there 1ce 
crystals 1n a concentration 


z=1 km 


=(E% nw? APN TT 0p?) pedes E?nw?nfNz?[48p? (8) 


With N 1171, 1510? cm~3, w- 1075 g cm-3, p=0 3 g cm-3, 
f=10-3 and z=1 km, this yields 
e 


S’=40 17 


so that the crystal concentration 1s increased by a factor of 
40 in this second stage to give an overall magnification factor 
of S’/No=4 x 10* 

If the rate of splinter production were to be an order of 
magnitude smaller, that 1s, f=10-*, the overall magnification 
factor would be only 400 and too small to account for the 
highest concentrations of crystals reported by Mossop ef al 

In summary, ıt seems possible to explain the production of 
high concentrations of ice crystals in slightly supercooled 
cumulus clouds on the following suppositions (1) the growth 
of rimed pellets 1s accompanied by the shedding of 1ce splinters 
at an average rate of at least one splinter per thousand accreted 
droplets, (11) the rimed pellets grow and fall out from cloud 
towers that stretch at least 1 km above the observation level, 
(i) the crystals produced below the obgervation level are 
caught up 1n a second rising tower which ascends to at least 
the same height as the first and releases a second batch of 
rimed pellets that enhance further the 1ce crystal concentration 
at the observation level, (1v) as the growth and fall of each 
batch of 1ce pellets take about 10 min, the lifetime of the 
cloud as a whole, which must also allow for the ascent of the 
tqwers, must be an hour or more Such clouds are also likely 
to contain large droplets of the size reportéd by Mossop et al 


. Since the growth of rimed pellets in successive towers 1s, 
e peculiar to cumulus clouds one would not expect the proposed 


mechanism to work in stratocumulus which indeed does not 
The efficiency of the 
suggested mechanism 1s rather sensitive to the adopted value 
of f, the rate of splinter production. ., It has to be admitted 
that m careful experiments carried out in the laboratory by 
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Mossop et al (to be published) ın which small droplets were 
allowed to impinge and build up a rime deposit on a whirling 
cylinder, only one splinter was observed per 30,000 droplets 
of radius « 20 um and one per 10$ droplets of r— 6 um 

It 15, however, possible that very small splinters may have 
evaporated and escaped detection In an experiment designed 
to detect such small splinters in the supersaturated atmosphere 
of a diffusion cloud chamber, Bader et al (to be published) 
find one splinter per 2,000 impacting droplets of radius 27 uum 
Since the average droplet radius in natural clouds 1s only 
about 10 um, the rate of splinter production could well be 
below that observed by Bader et al and so below the value 
of f=10-3 The rime target in the experiment was, however, 
Stationary and so could not simulate the ventilation of a 
freely falling pellet in a natural cloud 

I cannot claim to have produced a completely convincing 
explanation of the highest observed concentrations of ice 
crystals 1n. slightly supercooled cumulus, but the mechanism 
suggested reduces the discrepancy betwegn crystal and nucleus 
concentrations from several to one order of magnitude It 
1$ hoped that these ideas will stimulate observers to make 
careful observations of the life history of the cloud, 1n particular 
of the maximum height of towers relative to the observing 
level, and encourage the design of experiments to detect very 
low rates of production of very small splinters from rimed 
elements growing under realistic atmospheric conditions 
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Radiocarbon Dating from Ogof-yr- 
Ychen, a New Pleistocene Site in 
West Wales 


THERE has recently been renewed discussion concerning the 
extent of the Weichselian Irish Sea Glacier’, and several 
authors have stressed the difficulty of determining its 
southern margin in Wales on the basis of geomorphological 
and stratigraphic criteria alone Also, 1n South Wales there 
1s no known reliable interglacial or interstadial palaeo- 
botanical site which can be used for the dating of drift 
sequences Archaeological investigations in favourable 
localities may assisf greatly 1n this debate, as well as extending 
knowledge of Pleistocene faunas and of human Palaeolithic 
occupation on the South Wales lowlands*® Already it is 
suggested that substantial parts of Pembrokeshire and the 
Gower Penmsula were unaffected by ice during the last 
glaciation’, allowing the possibility of more or less continuous 
human Palaeolithic occupation of some coastal sites The 
radiocarbon age determination for the “Red Lady” of 
Paviland (18,460+340 yr BP, BM374) supports this view, 
indicating that there was Proto-Solutrean occupation of cave 
sites in Gower close to the peak of the last glaciation This 
was followed by a Creswellian occupation, probably after 
15,000 yr Bp”? 
Upper Palaeolithic and Mesolithic finds have been made 
during a series of excavations on Caldey Island since 1911 
(refs 9 and 10) 


In Pembrokeshine the mošt promjsing * 


453 


ROMANO-BRITISH 
MIDDEN 











YELLOW 
SILTY CLAY _2_ 








Hyena & Rhinoceros 








fe) fe) WITH -- teeth with large 
ROCKFALL flint flake 
FRAGMENTS 
2 ees 
o^ = 
--- aF TAVE EARTH 
4 E 
m foot 
" e 
2 9-- 
à E 
S. 
| a 2 Hyena teeth 
3 10 e Adinole scraper 


Lowest antler 


Rhinoceros scapula 


— — -Depth reached by end of July 1972 


Fig. 1 Ogof-yr-Ychen, Caldey Island Section of chamber 4 
entrance and pit 


Until 1969 these excavations had concentrated on seven 
caves or rock shelters and two open sites, but since 1970 
detailed investigations by two of us (Br James and M D)in 
conjunction with other workers on Caldey Island and on the 
limestone coasts of the Castlemartin Peninsula have revealed 
several potentially important Upper Palaeolithic cave sites 
Of these, the most intensively studied so far 1s Ogof-yr-Ychen 
(British grid ref $S147968), an almost completely sealed 
cave on a vertical Carboniferous Limestone cliff at Jones’ Bay 
on the north-east coast of Caldey Island Here we summarize 
the preliminary findings from one of the main chambers in 
the cave and report the first radiocarbon age determination 
for its Pleistocene mammalian fauna 

Ogof-yr-Ychen consists of six chambers in a complex short 
system extending from 27 m OD to about 7 m OD Before 
excavation these chambers were all partially filled with cave 
sediments The mouth of a deep pit was revealed on a 
ledge outside the entrance of what has become known as 
chamber 4 The stratigraphy of both the chamber and pit 
ıs shown in Fig 1 The pit has a roughly rectangular 
mouth measuring 18 m by 90ecm, and near-vertical sides 
It has now been excavated to a depth of 64 m, excfuding 
the 21 m of strata above its mouth , further excavation 1s 
difficult because of lack of space 

«The yellow silty layer, with clay and rockfall fragments, 
occupies the full excavated depth of the pit It has no traces 

e of stratification, and ‘throughout it consists largely of angular 
limgstone rubble and. broken {pieces of stalagmite and 
stalactite in a finer matrix Between 3 and 36 m below the 
mouth of the pit” weré found a rhinoceros scapula, an 
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adinole scraper of Creswellian type, two hyena molars and 
one flake of adinole and another of chert For approximately 
24 m above this group of finds there are scattered fragments 
(thirty-five finds) of red deer antler 1n an apparently 1dentical 
matrix Near the top of the deposit hyena and rhinoceros 
teeth occur in association with a large flint flake, and above 
this the layer gradually merges into the overlying red clay 
layer which contains a smaller proportion of angular lime- 
stone fragmehts 

Above this the bone layer (which 1s not so well represented 
elsewhere 1n Ogof-yr-Ychen) yielded a series of Mesolithic 
microliths of patinated flint, in addition to many of the bones 
identified ın the faunal list in the following communication 
The Romano-British midden was identified by its content of 
several types of potsherds similar to those found at nearby 
Nanna's Cave’, and capping the Whole sequence of deposits 
was a yellow blown sand and then modern quarry debris 

The simplest interpretation of this sequence of deposits, 
together with its content of faunal remains and artefacts, 1s 
as follows The lowest yellow layer 1s 1n part a cold-climate 
rockfall deposit dating from the Weichselian stage It ıs 
succeeded by a late-glacial or early postglacial colluvial 
horizon and a postglacial bone layer which gives way to the 
Romano-British midden and then the modern blown sand 
This sequence can be correlated with the succession of Late 
Pleistocene deposits elsewhere on Caldey Island?! and on 
various clifftop sites of the south Pembrokeshire coast??? 

In order to test this interpretation of events the scapula of 
Coelodonta antiquitatis from the pit (Fig 1) was submitted 
to the Birmingham University Radiocarbon Dating Labora- 
tory for radiocarbon dating The age determination, on the 
collagen fraction only, was reported as 22,350+620 yr BP 
(Birm340) This was unexpectedly old, but confirms that 
the yellow silty base layer ıs of Weichselian age and that 
Late Pleistocene mammals were present on the South Wales 
coast during the waxing phase of the last glaciation It 1s 
not known how much time elapsed between the death of 
the animal and the deposition of the bone in the pit The 
adinole artefact only 30 cm above the bone apparently indi- 
cates the presence of a still later Creswellian human culture 
at Ogof-yr-Ychen, it 1s unlikely to be separated from the 
deposition of the rhinoceros scapula by a wide interval of 
time, and 1t may demonstrate the arrival of the Creswellian 
culture in South Wales at a time of extreme periglacial condi- 
tions well before 10,000 yr Br? 

Apart from the age determinations for the Ogof-yr-Ychen 
rhinoceros and the “Red Lady” of Paviland*, there 1s one 
other reported radiocarbon date from a Welsh cave This 1s 
a date of 18,000: 1,400/1,200 yr Be (Birm146) obtained by 
Rowlands? for a mammoth carpal from Ffynnon Beuno, 
Flintshire Although this cave 1s a Proto-Solutrean site the 
archaeological 1mportance of the radiocarbon date 1s limited 
since the precise situation of the bone is not known , ıt came 
from a collection held locally since 1885 (ref 14) The cave 
1s, however, sealed by glacial and fluvioglacial deposits laid 
down by the last Irish Sea glacier If the date is reliable it 
demonstrates that the Irish Sea glacier did not reach the 
North Wales coast until after 18,000 yr sp It follows that it 
must have been even later 1n reaching South Wales and the 
weight of evidence now suggests that it may not have crossed 
the South Pembrokeshire coast at all 

There are clearly many problems associated with the work 
at Ogof-yr-Ychen Some of these may be resolved by the 
analysis and radiocarbon dating of human remains found 
in chamber 3, which promises to yield even more exciting 
results than those from chamber 4 reported here Chamber 
3 contains a wolf skull in a stratigraphic position closely 
similar to that of the rhinoceros ecapula in chamber 4, but of 
greater importance are, the temains.of three individual 
humans (including skull .fragments) from another “bone 
layer" These human remains are being analysed at*the 
University of London Institute of Archaeology, and further 


NATURE VOL 245 OCTOBER 26 1973 


work 1s being carried out at Durham University on the pollen 
content and sedimentological characteristics of the strata 
The data from chamber 3 may form the subject of another 
brief report on the completion of further radiocarbon age 
determinations The archaeological evidence from Ogof-yr- 
Ychen will be analysed 1n detail by Professor W F Grimes 
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Faunal Remains from Ogof-yr-Ychen, 
Caldey Island 


THE non-human osteological remains excavated at Ogof-yr- 
Ychen have provided further evidence of the Pleistocene 
fauna associated with cave deposits along the southern Welsh 
coastline The list (Table 1) confirms many of the species 
found already from the general area! and introduces two 
examples of a species not previously recorded, the common 
vole Microtus aivalis Pallas 

Altogether more than three thousand items were excavated 
and, although many are fragments which defy accurate identi- 
fication, there are good examples which suggest the existence 
of several individuals among some of the larger species, 
notably ox, bear, red deer and hyena 

Few of the bones suggest fashioning by man, but several 
show surface scratching associated with gnawing by hyenas 
Some of the bones had undergone mineralisation but this 
was not a constant feature, and from the red clay layer and 
the yellow silty clay specimens were often soft and extremely 
ffiable Many instances of damage coyld be attributed to 
over-zealous digging by excavators 

From the excavations, ın addition to the species now listed, 
there were bones from brown hare (Lepus eu: opaeus Pallas), 
rabbit (Oryczolagus cuniculus Linné) and brown rat (Rattus 
norvegicus Berkenhout? but the site association of the first 
two suggests that the brown hare was a recent introduction, 
even though elsewhere it can be'traced back to the late 
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Table 1 Faunal List 





Insectivora 


Hedgehog (Erinaceus europaeus Linne) 
Common mole (Talpa europaea Linne) 


Carnivora 


Spotted (Cave) hyena (Crocuta crocuta Erxleben) 
Wildcat (Felis sylvestris Schreber) 

Lion (Cave) (Felis leo Linné) 

Glutton (Gulo gulo Linné) 

Badger (Meles meles Linne) 

Wolf (Canis lupus Linné) 

Fox (Vulpes vulpes Linne) 

Cave bear (Ursus spelaeus Rosenmuller and Heinroth) 
Brown bear (U1 sus aictos Linné) 


Perrissodactyla 
Woolly rhinoceros (Coelodonta antiquitatis Blumenbach) 


Artiodactyla e 


Wild boar (Sus scrofa Linné) ° ° 

Red deer (Cervus elephas Linne) 

Roe deer (Capieolus capreolus Linné) 

Steppe wisent (Bison priscus Bojanus) 

Auroch (Giant ox) (Bos primigenius Boyanus) 
Rodentia 


Common vole (Microtus aivalis Pallas) 


ss LL o c 
Compiled from finds ın all chambers at Ogof-yr-Ychen 


Pleistocene ın Britain The brown rat is not known in 
British. deposits of preglacial origin 

There ıs a large amount of sheep/goat and domestic ox 
material and this came principally from the Romano-British 
and other disturbed layers A certain amount of shell 
material was excavated, but again this came from disturbed 
layers and represented marine and land forms conspecific 
with extant forms — Some fish bones are present among 
material from disturbed layers and, although unidentifiable, 
they probably indicate items of diet from former human 
occupants of the cave 
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Trade Wind and Temperature 
Correlations down a Deep-sea 
Core off thé Saharan Coast 


In discussions relating to any possible climatic change that 
may occur even within our own lifetime, 1t 1s apparent! that 
studies of Pleistocene climatic changes are becoming increasingly 
valuable Obviously it 1s desirable to have as complete a 
picture as possible of the Pleistocene period, and towards this 
end we now report a method that seemingly gives an estimate 
of wind strength throughout the last 700,000 yr 2° 
Arrhenius? attempted the first description of trade-wind 
variations He argued that the layers of calcium carbonate’ 
enrichment in deep-sea cores from the equatorial Pacific could * 


be attributed to increased wind strengths, and he found that . 


these occurred during the glacial stages The reasoning used 
1s somewhat complex Although increased wind stress leads 
to more upwelling, hrgher productivity and hence higher 
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deposition rate of biogenic carbonate, there 1s a concomitant 
increase in the rate of dissolution on the sea bottom More 
recently, Hays and Peruzza?, working with two cores close to 
the Saharan coast just west of Dakar, conclude that the wind 
was generally stronger during glacials Because of the close 
proximity of the coast, wind blown terrigenous material swamps 
the carbonate It ıs argued that the large, erratic and rapid 
fluctuations observed in the carbonate percentage are more 
likely to be due to moderate changes in the input of the terri- 
genous component rather than large changes ın the carbonate 
production With this persuasive reasoning, 1t would seem 
that these specially placed cores are indeed sensitive indicators 
of wind strength variations 

Briefly we now offer measurements, on a deep-sea core, that 
ought to lead directly to quantitative. estimates of wind 
strength (A complete acfount of the mathematical treatment 
involved in a winnowing theory and the experimental details 
of the size distribution analysis will be presented elsewhere ) 
It turns out that there is some uncertainty about whether ıt is 
the speed or some function of the speed that 1s being recorded, 
and so, at this stage, we prefer to introduce a new term called 
the “vigour” of the wind system—this does have a precise 
mathematical definition 

Oxygen isotope analyses of foraminifera in the same core 
permit us to place the wind determinations within the estab- 
lished stratigraphic framework and confirm the relationship 
between episodes of high trade-wind vigour and northern 
hemisphere glaciation That the record is essentially complete 
1s confirmed by the presence of the Brunhes-Matuyama 
(07 m y ) magnetic reversal near the bottom of the core The 
core (V23-100, 21° 18’ N, 22? 41’ W, at a depth of 4,579 m) 
was obtained just north of the Cape Verde Islands by the 
RV Vema, 2 cm long portions every 10 cm down the core 
were kindly supplied to us by the Lamont-Doherty Geological 
Observatory 

In principle, the method 1s quite simple Dust from the 
Sahara 1s carried out to sea in vast quantities* and particles 
larger than about 7 um, which are mainly quartz, preferentially 
settle out by gravitation rather than by scavenging, that is, 
rain washout or dry-air turbulent fallout Gravitational 
setting over the sea modifies the initial equilibrium. size 
distribution existing over the desert According to Jaenicke 
and Junge? this distribution, true for any kind of soil and for 
a wide particle size range, 1s 


dN — constant d. D/ D* 


where dN ıs the number of particles in unit volume of air in 
the diameter range D to D+dD, with the constant depending 
on wind and soil conditions. This distribution 1s assumed to 
hold true right up to the coast Hot air Saharan outbreaks 
are the principal dust transporting mechanism 

Observations by Carlson and Prospero? show that most of 
the dust is carried in a high level duct of thickness z~3 km 
This Saharan air rises at the coast above the layer of cooler 
maritime air which ıs about 15 km thick Vigorous anti- 
cyclonic winds spread the dust into a broad front which travels 
west at a drift speed v~8ms-* Assuming no lateral spreading 
of the front and uniform concentration of dust within the duct 
1t can be shown that the mass sedimentation rate of the gravita- 
tionally settling particles at the core site, distance x 800 km 
from the coast, becomes 


ds— constant (dD/ D)'k D? exp (—kD?x/uz) e 


where k (0 77 x 106 cm-! s~!) ıs the factor in Stokes's law for 
uartz falling in air Assuming further that, for a particular 
imas episode, (uz) 1s coMined to fairly narrow limits about 
a mean Quz», then it js possible to express the cumulative weight 
percentage greater than or equal,to particle diameter D as 


100 exp [¢—kx/<uz>) (D? — D5?)] 


4 
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where Do (~7 ym) 1s the critical size below which gravitational 
settling ceases to be important It follows that a plot of logio 
of the cumulative weight percentage against D? should yield 
a straight Ime for the large particles and that the slope should 
be 0 43 kx/<uz> 
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Fıg.1 The coarseness exponent compared with **O/ 160 devia- 

tions from present day values and the total carbonate percentage, 

for core V23-100 The Z, Y, X column 1s the Globoiotalia 

menardu zonation!? The 1, 3, 5 column numbers only the 

warm periods in the climatic stages?-? The ages, in my, are 

linearly interpolated between the top of the core and the magnetic 
reversal at the bottom 


We prepared a coarse concentrate (~04 g) from 1 to 2 g 
samples of the bulk carbonate-free core portions and the size 
distribution was measured by settling in a density-gradient 
sedimentation column In every case down the core very good 
straight lines (not given here) were obtained, except for the 
largest particle size (^38 pm) where probably insufficient 
quantities were recovered for accurate weighing The reciprocal 
slope <uz>/043 kx, a term which 1s called the coarseness 
exponent of the distribution, 1s plotted against depth down the 
core ın Fig 1 Assuming that x 1s constant then the exponent 
1s directly proportional to <uz>, the so called “vigour” of the 
wind system at that time If z was constant in time, then the 
exponent would measure the drift speed of the dust fronts, but 
we cannot be sure that this is so Inserting numerical values 
into the formula, a very good agreement with the observed 
coarseness exponent 1s obtained 

The oxygen isotope analytical techniques have been described 
elsewhere" In the upper part of the core the planktonic 
specie? Globogerimoides sacculifera was analysed Stages (1) to 
(8) were easily correlated with the standard sequences?'? as is 
the Globoiotalia menardn zonation!? Unfortunately intense 
solution has affected certain sectiogas of the core, which 1s net 
surprising considering the depth (4,579 m), and we were 
unable to recover sufficient specimens (about eight are needed) 
of G sacculifera for analysis‘at,a number of horizons Becquse 
it 1s now known that-the !5O record ıs primarily due to the 
world-wide changes in ocean !?O Content (caused by the 
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accumulation of isotopically light ice on-the continents during 
each glacial”), the more solution-resistant benthonic fora- 
minifera may, however, be used with equal efficacy to derive 
a record So as to display all analyses together, both plank- 
tonic and benthonic analyses are expressed in Fig 1 as devia- 
tions (%) from their respective present day values This 
procedure obscures some of the fine details of the record but 
enables us to obtain a reliable stratigraphic framework despite 
the intense solution The section comprising stages (9) to (11) 
1s based almost entirely on analyses of benthonic foraminifera 
A correction was made for 1sotopic disequilibrium in Planulina 
wuellestorfi’ The other species used deposit carbonate at or 
near isotopic equilibrium 

In Fig 1, ages are given on the basis of a linear interpolation 
between the top of the core and the magnetic reversal which 
was located at 866+5 cm by N D Opdyke (Lamont-Doherty 
Geological Observatory) Comparison with the ages obtained 
by Shackleton and Opdyke’ for the stage boundaries in this 
time interval shows syrbrysingly good agreement considering 
the significant down-core variations in the sediment, they are 
probably more reliable than the somewhat younger ages that 
were current before the magnetic evidence became available9:? 

From the rather good antiphase correlation between the , 
coarseness exponent and the isotope deviations, 1t does seem 
certain that we can conclude, along with the other investigators, 
that strong trade winds are a general feature of the glacial 
stage—probably because of an enhanced temperature gradient 
between equator and poles In our core the percentage of 
carbonate 1s quite high and shows no correlation with coarse- 
ness exponent Presumably, changes in carbonate accumula- 
tion rate have more effect on the percentage than do changes 
in the terrigenous component, and so the Hays-Peruzza 
approach could not be used ın this case Even with cores that 
have low carbonate percentage, 1t 1s not absolutely certain that 
variations in percentage reflect variations ın wind strength 
This 1s because the amount of wind blown dust will depend 
very markedly on the soi conditions existing at the time, 
strong winds will not create dust storms over damp vegetation- 
covered soil Hays and Peruzza have, however, strengthened 
ther argument by noting a higher pewentage of silt-sized 
particles ın the clay deposited during episodes of low carbonate 

Finally, 1t 1s interesting to note from Fig 1 that the limits 
within which the wind vigour varies have remained fairly 
constant—just as the limits within which the northern hemi- 
spheric ice volume, and sea temperatures, are believed to have 
done This ıs quite remarkable, and any theory of ice age 
causation must take these facts into account 

The coring was supported by an NSF grant to the Lamont- 
Doherty Geological Observatory We thank the Natural 
Environment Research Council for financial help under separate 
grants, Dr N D Opdyke for making the magnetic measure- 
ments and Mr R A. Parkin for help 
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Free Energy of Non-isothermal 
Systems 


HERE I draw attention to two thermodynamic functions the 
validity of which seems to be beyond dispute but the very 
existence of which 1s little known Their importance 1s almost 
completely disregarded even though they extend the application 
of the free-energy concept to all systems, isothermal or not 
the familar free-energy functions of Helmholtz and Gibbs, 
A and G réspectively, are simply special cases of the two more 
universal functions vid 

First, I consider whether the maximum work 1s a thermo- 
dynamic function of state That 1s, when a system in a particular 
environment passes from one defined state to another, 1s the 
maximum work that could be obtamed, w,,,, always a fixed 
quantity independent of the path followed? It 1s well known 
to be so under isothermal conditions for a closed system at a 
uniform constant internal temperature T; which 1s the same as 
that of the environment 7,, Wmax 18 then given by — AA (or 
— AG if pressure-volume work 1s to be excluded); and both A 
and G are functions of state 

It seems not be widely known that a similar statement 1s 
valid even when the restriction to isothermal processes 1s lifted 
For example, Butler writes (ref. 1, page 62) concerning changes 
of internal energy U “But of the possible ways of conducting 
the change, there will usually be one for which w 1s a maximum 
and, therefore, g also a maximum” His use of the word 
"usually" 1mplies that he believed there to be exceptions, but 
of these no further details are given Later (ref 2, page 257), he 
does state “The maximum work of a change 15, as we have 
seen, a definite quantity only so long as the temperature re- 
mains constant throughout" so this 1s presumably the restriction 
implied ın his earlier quotation This 1s puzzling because it 
conflicts with his statement of the Second Law (ref 2, page 32) 
which 1s not, apparently, intended to apply solely to isothermal 
conditions but which nevertheless 1s founded on the idea that 
Wmax always has a definite value Keenan*-* and Denbigh! leave 
no doubt that Wmax 1s a function of state even for non-iso- 
thermal conditions But Denbigh’s section is in small print and 
could easily be overlooked many authors ignore the question 
entirely 

The history of this subject is hard to disentangle A statement 
of the simplest free-energy function was given in an engineering 
context by Darrieus*, who states that “the topic was considered 
successively by Maxwell, Lord Kelvin and Gibbs”, but does 
not give detailed references A general derivation was published 
independently by Milne (ref 2, page 231) who reworked and 
extended the proofs of the familiar free-energy equations and 
came to the conclusion—not to be found in the particular 
passages by Gibbs on which he was commenting—that ıt was 
possible to extend “the physical significance of the work 
function” (the Helmholtz function) “to processes of non- 
constant temperature" He considered a system that started at 
temperature 7;, underwent some change (which could, for 
example, be a chemical reaction), and finally came into thermal 
equilibrium with a large reservoir at the constant lower terhe 
perature 7, He concluded that the maximum work obtainable 


from a system undergoing such a sequence of changes was * 


given by the equation 


AW — — AA4+S(T.~T,) * (1) 


where S, 1s the entropy of the system at temperature 7, 
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This 1s an awkward equation to use, or even to think about, 
because of the appearance in it of the absolute entropy of the 
system Sp, but at least one important conclusion can be drawn 
from it directly since all the terms on the right hand side of the 
equation are functions of state, AW must be one also Itis better 
to substitute mto equation (1) the general expression for the 
Helmholtz function (A — U — TS), rearranging to 


AW- AU—T, AS Q) 


I have changed the sign of Milne's AW to conform with the 
universal practice for A and G, thus 


Wmax = —AW 


(3) 


Equation (2) 1s the most basic of all the free-energy equations, 
applicable equally to non-isothermal and to isothermal situa- 
tions in the latter case, with T, —7,, 1t reduces to the familiar 
Helmholtz equation. In spite of its importance, the function 
described by equation (2) does not have a name, so ıt could 
not be indexed even if authors chose to write about the subject 
Following Milne one might name it “work function”, but this 
has been pre-empted for the electronic work function The name 
“work content" would be descriptive it was at one time used 
for the Helmholtz function! so 1t might be thought apt for the 
more general form of that function 

A second non-isothermal free-energy function, the availa- 
bility, B, had already been described by Keenan? He did in 
fact discover this for himself as a maximum work function 
(personal communication), but soon found out that the same 
function had been used by Gibbs in discussing equilibria as 
early as 1873 (ref 7) Gibbs called it “the available energy of 
the system and medium” which indicates that he was well 
aware of its use for determining maximum work Put in the 
same form as equation (2) 


AB= AU—T, AS +p, AV (4) 


where p, 1s the environmental pressure and AV 1s the change 
im volume — AB thus measures the capacity for performing 
work, excluding as irrelevant any work performed against the 
ambient pressure There is no evidence that Milne” knew of the 
work of Darrieus? or of Keenan’, or for that matter, of the 
relevant work by Gibbs There have probably been many other 
“discoveries” of the same facts and they will doubtless continue 
until these functions are better known 

The availability, B, 1s generally encountered in an applied 
context, sometimes with the implication that 1t 1s of restricted 
applicability Thus Lee and Sears® state that whereas the 
availability ıs a composite property of the system and its 
environment (correct), Gibbs’s function 1s a property of the 
system alone This ıs erroneous because the condition T, =T, 
must be satisfied before Gibbs’s function can be employed at all, 
the pressure-volume term likewise involves the ambient pressure 
Pe Which may or may not be the same as that within the system 
In fact B 1s less restricted than G, not the converse 

W and B have several uses 

(0 Calculation of maximum work ın both isothermal and 
non-isothermal processes from equation (2) or (4) Which of 
the two 1s appropriate depends on the status of the pressure- 
volume work 1n the particular case under consideration, for 
it 1s by no means automatically “useless” In biological systems 
(which incidentally are almost universally isothermal) p, AV 
work ıs generally negligibly *mall,, but ın the cases where it 1s 
not it may be both large and important Two examples are 
provided by the buoyancy organs of some marine animals? 
and'the generation of carbon dicxide by yeast, which can con- 
tinue despite ambient pressure exceeding 1,00 atm (ref. 10) 
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Pressure-volume work differs from other kinds of work in 
that it is the only type that a system can perform without a 
"machine" 

(u) Equation (2) provides the most general statement for 
equilibrium and for thermodynamic reversibility applicable to 
a non-isolated system in an environment at constant tempera- 
ture 


dw- —dW (5) 


If the system ıs one that produces no external work other than 
pressure-volume work 


dw —p.dV (6) 
and the condition for equilibrium Becomes 
dB=0 (7) 


(iu) Equation (2) provides the most general expression for 
efficiency € of any process 


e=w/—- AW (8) 


Note that W and not B should be used ın this case If the 
pressure-volume work is not harnessed it represents wasted 
work, which can only be recovered 1n certain restricted types 
of cyclic process 

(v) Equation (2) provides a general formula for calculating 
the entropy created, AS,,, during any specified spontaneous 
process 


ASe =K AW) -wl/T, (9) 


The expression ın square brackets may justly be called the 
“wasted work” (ref 5, page 71), that 1s, the work that might 
have been obtained but was not 

Thus 


AS.,=[wasted work]/T, (10) 
Equation (9) 1s easily derived from equation (2) because 


((— AW)—w]=— AU+T, AS—w=—q+T, AS (11) 
since 
w—q=— AU (12) 


where —q 1s the heat given by the system to its surroundings 
which are at 7, Therefore 


[(— AW) —w/T,= -gT + AS (13) 


The first term on the right hand side 1s the increase in entropy 
of the surroundings and the second 1s the entropy change 1n 
the system, so their sum 1s the total entropy change in the 
Universe, that 1s the entropy created, ASer In this context too, 
W, and not B, 1s the appropriate function to employ. In the 
special case of slow expansion against an infinite atmosphere 
the pressure-volume work is stored as mechanical energy and 
this does not result in the crgation of entropy, so B could be 
used *however, this is not the case in general 

Equation (9) provides the basis for my claim?! that a state- 
ment of the Second Law ın terms of work production is 


equivalent to the more familiar statement in terms of entrapy E 


creation 


Keenan made extensive and detailed applications of the» ° 


availability B in considering the inefficiency of heat engines 
and at what stage 1n their operation ıt arose‘. The only chernical 
process that he considered was combustión, which he showed 
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to be the principal source of waste (For this reason fuel cells 
are used nowadays when high efficiency 1s essential ) 

Denbigh?? extended this application to chemical processes 
in general, using the availability to establish criteria of per- 
formance for a chemical factory ın which heat movements as 
well as yield of product were taken into account Such ideas 
have become of increasing importance recently, partly because 
they have become realizable through new developments in 
engineering For example, fuel cell technology can now be 
used both for power production and for performing a sur- 
prisingly wide range of chemical processes? semiconductor 
thermoelements and efficient Stirling engines permit inter- 
conversion of heat and work 1n circumstances where this was 
previously impossible 

The recent realization that our supply of fossil fuel 1s limited 
1s of pressing importance, emphasizing the need for us to make 
the most efficient possible use of ıt Practical consideration is at 
last bemg given to the notion of total utilization whereby the 
fuel’s potential for chemical synthesis 1s considered alongside 
its capacity for power production*^/* To assess schemes of 
this sort the functions W and B are essential 

They seem to have been “discovered” on several occasions, 
and one final reason for wishing that they were better known 1s 
to spare others the labour—and the disappointment—of 
“discovering” them yet again (as J did last summer) 

I thank the Grass Foundation for generous sponsorship 
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BIOLOGICAL SCIENCES 
Cyclic GMP and Cell Movement 


THE movement of mammalian cells can be inhibited. by 
‘agents which mimic or produce incseases in the intra- 
cellular levels of cychc 3’,5’-adenosine monophosphate 
(cyclic AMPY? Goldberg and coworkers** have proposed 
that ın a number of cell types cyclic 3/,5’-guanosine mono- 
phosphate (eyclic GMP) promotes celular events that.are 
antagonistic to those believed to be mediated by cyclic AMP 
One method of testing this hypothesis would be to examine 
the effects on leukocyte chemotaxis of agents that should 
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stimulate an mcrease ın cellular cyclic GMP concentration 
Both phorbol myristate acetate (PMA)® and acetylcholine 
(Ach) seem to produce such an effect on more than one 
cell type and these compounds were therefore used to 1nves- 
tigate the possibility that cyclic GMP may play a role in 
modulating cell movement 

The experiments described here suggest that the 
leukotactic response of polymorphonuclear leukocytes 1s 
stimulated by agents such as PMA, acetylcholine and car- 
bamylcholine (Cch) Imidazole, a compound known to 
produce cholinergic-like effects in a variety of tissues’, also 
enhanced leukotactic activity The 8-bromo analogue of 
cyclic GMP also increased leukotaxis, which was inhibited 
in the same experimental conditions by dibutyryl cyclic 
AMP 

A modification of the procedure of Boyden®’ was used 
to assess leukotactic activity Leukocytes were preincubated 
in the agents indicated for 5-10 min at 37° C ın tissue 
culture nfedium 199 (Microbiological Associates, Albany, 
California), after which they were Washed and a known 
quantity of PMN deposited on a ‘Millipore’ filter with a 
Shandon cytocentrifuge The filter was placed in a 
modified Boyden chamber and a chemotactic stimulus 
derived from a culture filtrate of E col? was added to 
the attractant side of the chamber After incubation for 
3 h at 37° C, the number of cells that had migrated through 
the filter within ten random fields was determined and a 
leukotactic index calculated by dividing the number of 
PMN that had migrated through the filter by the total 
number of PMN (in hundred thousands) delivered to the 
starting side of the filter. All leukotactic indices are 
averages of three samples Using this method the standard 
deviation is 10% of the mean The standard error of the 
mean of samples tested on separate occasions 1s 6% 


Table 1 Leukotactic Responses of Control Neutrophils to PMA and 
Bacterial Chemotactic Factor 





Attractant | Leukotactic index 
199 12 
10 ng PMA 28 
10 ng PMA 30 
BF 54 
BF+1 ng PMA 380 
BF+10 ng PMA 388 





Table 2 Effect of Leukocyte Preincubation with PMA on Leukotaxis 





Preincubation Leukotactic index 
199 31 
001 ng PMA 63 
01 ng PMA 286 
10 ng PMA 300 





PMA had only mimimal inherent chemotactic activity 
for neutrophils when added alone to the attractant side of 
the Boyden chamber (Table 1) However, when E. coli 
bacterial chemotactic factor (BF) was also added to the 
attractant side of the chamber 1-10 ng of PMA ml" 
produced a significant enhancement (greater than sevéf- 
fold) of leukotactic activity To eliminate the possibility 
that the enhanced leukotactic activity resulted from an* 


interaction of PMA with BF, cells were preincubated with e 


PMA (001 to 1 ng mi~’) for 5-10 min, washed and then, 
tested for responsiveness to the BF*in media without added 
PMA Ths pulse exposure of the leukocytes to PMA 
also resulted in a marked enhancement (up to five-fold) 
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in leukotactic activity (Table 2) Because PMA may have 
effects on cell function other than those on cyclic GMP 
levels, acetylcholine and carbamylcholine were also tested 
and found to produce effects similar to those observed with 
PMA (Table 3) Moreover, the ability of these cholinergic 
agents to stimulate leukotaxis was inhibited by atropine 

Imidazole, a compound which exhibits cholimergic-like 
activity 1n a number of biological systems and also been 
shown to be inhibitory to cyclic nucleotide phosphodiesterase 
promoted hydrolysis of cyclic GMP", also produced an 
increase 1n leukotactic actrvity (Table 4) Preincubation of 
leukocytes with imidazole and PMA produced an approxi- 
mately additive effect 





Table 3 Effect of Leukocyte *Preincubation with Cholinergic Agents 
on Leukotaxis 








Preincubation Leukotactic index 
199 59 
Ach 10-5 M 154 
Ach 10-5 M 94 
Ach 10-5 M + Atr 10-7 M 52 
199 46 
Cch 10-5 M 153 
Cch 10-5 M+Atr 107-5 M 70 








Table 4 Effect of Leukocyte Preincubation with Imidazole and PMA 
on Leukotaxis 





Premcubation Leukotactic index 
TC 199 40 
1 25 mM imidazole 66 
0005 ng PMA 89 
125 mM 1midazole-- 0 005 ng PMA 136 


Dibutyryl cyclic AMP and 8-bromo cyclic GMP are 
analogues of the parent cyclophosphates which are believed 
to cross cell membranes more easily and/or undergo less 
rapid enzymatic degradation than their naturally occurring 
cyclic nucleotide counterparts. Preincubation of leukocytes 
with 107? to 10-* M dibutyryl cyclic AMP depressed 
leukotactic responsiveness, while preincubation with 8-bromo 
cyclic GMP enhanced the response to chemotactic stimula- 
ton (Table 5). The effect of 8-bromo cyclic GMP was 
not blocked by atropine, however 


Table 5 Leukotactic Activity of Neutrophils following Preincubation 
with Cyclic Nucleotides 





Preincubation Leukotactic index 
TC 199 46 
8-Br Cychc GMP 10-5 M 134 
8-Br Cyclic GMP 10-5 M +Atr 10-5 M 131 
TC 199 4l 
db Cyclic AMP 107? M 26 
db Cyclic AMP 107? M 18 
db Cyclic AMP 10-* M e 15 
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Cholinergic agents as well as cyclic GMP (and derivatives) 
Have fecently been shown to enhance degranulation of 
PMN?!, whereas „cycle AMP gnhibits both leukotaxis? 
and degranulation’ These findings are consistent with 
the Yin Yang hypothesis that'the two cyclic nucleotides have 
opposing actions in bidirectionally controlled systems 
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During exposure of cells to dibutyryl cyclic AMP, the 
leukotactic index corresponds to that found in the absence 
of chemotactic attractant This suggests that only leuko- 
tactic movement, and not random or basal movement, may 
be affected In this case, the potentiation of leukotaxis 
by PMA or other agents may derive from their ability 
to potentiate an increase in cyclic GMP levels already 
induced by the chemotactic factor Other agents which 
act on the membrane and enhance chemotaxis such as 
cytochalasin B? may act by mechanisms similar to that 
proposed for the agents used in these experiments The 
effect of 8-bromo cyclic GMP may be due to its presumed 
intracellular action or to direct effects on PMN plasma 
membrane 

Finally, modulation of cell movement by cyclic 
nucleotides may be an important éactor in both malignancy 
and embryonic development The property of invasive- 
ness characteristic of malignant cells might be enhanced 
as a result of increased cyclic GMP concentration in these 
cells In embryogenesis hormones or cell-cell surface con- 
tacts might be providing the stimulus for increases in 
cellular cyclic GMP or cyclic AMP that modulate cell 
movement in a developing embryo and the levels of these 
cyclic nucleotides could determine or modulate initiation 
or termination of movement of cells Cyclic GMP might 
provide a “go” and cyclic AMP a “stop” signal In this 
case the “stop” signal may also be a signal for a 
differentiation as has been suggested by experiments with 
neuroblastoma cells in culture? 

This work was sponsored in part by grants from the US 
Public Health Service and the Elsa U Pardee Foundation 
Part of these studies was conducted under the sponsorship 
of the Commission on Streptococcal and Staphylococcal 
Diseases of the Armed Forces Epidemiological Board with 
support by the Medical Research and Development 
Command, US Army 
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Uniformity of Radiation-induced 
Mutation Rates among Different 
Species l 

OnE of the major difficulties in estimating the genetic 
hazards of ionising radiation to human populations has been 
our inability to extrapolate with confidence from mutation 
rate data in lower organisms to man’? Experimentally 
observed mutation rates per locus per rad extend over an 
enormous range of three orders of magnitude For instance, 
the forward mutation rate per locus per rad 1s 1X 107? in 
Escherichia coli B/r at two loci for phage T1 resistance, 
27X107 ın Neurospora at the ad3 locus, 14X107* in 
Diosophila for eight specific loci (averaged), 17x107 in 
the mouse for twelve specific loci (averaged), and 1x 10-5 
in barley for three loci 
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DNA per Haploid genome (pg) 


Fig 1 Relation between forward mutation rate per locus per 

rad and the DNA content per haploid genome Line drawn 

with slope of one through the mouse point Point for man 
estimated from DNA content 


The development of target theory in radiobiology and 
the recognition that the genetic material 1s the target for 
many radiobiological endpoints led to the demonstration 
that the mean lethal dose for survival of irradiated single 
cells is related to the nuclear DNA content? Sparrow 
et al? have noted that ın plants, radiosensitivity 1s closely 
related to several nuclear parameters such as nuclear volume 
ahd interphase chromosome volume and thus to the DNA 

Content per nucleus In amphibians, too, 1t has been shown 

that the mean lethal dose for survival of whole-body 
° irradiated. animals is directly related „to the amount of 
The work eof 
Sparfow ar4 his coworkers^? has demonstrated that the 
relation between nuclear parameters and radiosensitivity 1s 
not entuely simple, however, for although the organisms 
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studied do fall into a series of ‘radiotaxa’ within which a 
simple linear relation holds, the sensitivities of the radiotaxa 
differ from one another 

We re-examined the data for radiation-induced forward 
mutation rates from organisms as disparate as bacteria, 
fungi, higher plants, insects, and mammals for which we 
also know the amounts of DNA per nucleus As seen in 
Table 1, and as noted above, the mutation rates per locus 
per rad vary over three orders of magnitude Nonetheless, 
when these rates are adjusted for the amount of DNA per 
nucleus and thus normalised to a common biological base- 
line, the mutation rates obtained are all essentially the same, 
varying by a mere factor of three instead of 1,000 
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of the functional genetic unit would fail to complement 
mutations ın any of the other components“. 

Models can also be postulated in which the repair pro- 
cesses vary quantitatively 1n the different species 

Whatever the basic explanation might be, we conclude 
that, empirically, the radiation-induced mutation rate 1s 
proportional to the total genome size (DNA content) for the 
species This correspondence, which 1s shown graphically 
in Fig 1, allows us to extrapolate from mutation rates 
obtained in experimental organisms to man with greater 
confidence 

This work was performed under the auspices of the US 
Atomic Energy Commission and supported in part by a 
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Table 1 Specific Locus Mutation Rates Normalized for Amount of DNA per Nucleus 





DNA par Relative amount of 
haploid DNA as compared 
Organism genome with human 
(pg) A 

E coli Bir 0013* 45x10-? 
(Bactertum) 

Saccharomyces cerevisiae 0 024 * 8 3 x 10-5 
(Yeast) 

Neurospora crassa 0 042 * 14x 10-2 
(Fungus) 

Drosophila melanogaster 017* 0 058 
(Fruit fly) 022 0076 

Lycopersicon esculentum 1 95* 067 
(Tomato) 

Mus musculus 2 26* 078 
(Mouse) 

Hordeum vulgare 10* 3 45 
(Barley) 11 5f 397 

Homo sapiens 29 

Man) . 





Specific locus 
mutations per 


Normalised specific 
locus mutations per 


locus per rad locus per rad References 
B B/A 
1x 10-°F 22x10-7 415 416 
16x10-?t 19x10-7 *17 
TR Mortimer, 
personal 
communication 
27x10-?f 19x10-7? #17, 418 
14x10-?1 24x10-7 #19 
(Spermatogonia) 18x10-7 42024 
3 75x 10-7} 56x10-7 *22 
1? 
17x10-7* 22x10-7 *2 
(Spermatogonia) 
1x10-51 29x10-7 #24, 417, £25 
25x 10-7 
= 26x10-7 


(unweighted average) 
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This remarkable consistency 1n normalised mutation rates 
in such a wide variety of organisms strongly suggests that 
extrapolation directly from experimental organisms to man 
can be done with confidence For all the species listed in 
the table, the unweighted average of the mutation rates 
normalised to the human DNA value 1s 2 6x107" per locus 
perrad (These rates are all for forward mutations mduced 
by acute irradiation With chronic radiation or with germ 
cells irradiated during different cell stages, the mutation 
rates often vary by a factor of three to four These 
differences are conventionally attributed to differential repair. 
Back mutations, which are often the result of base changes 
1n suppressor loci, are usually lower by a factor of ten) 

The consistency that obtains when the data are adjusted 
for the amount of DNA per nucleus for each species 
indicates either that 1t 1s the nucleus, and not the locus, that 
determines target size, or that, on the average, the size of a 
(radiation-mutable) locus 1s proportional to the total genome 
size (DNA content) for the species 

Although the latter conclusion is contrary to the usual 
genetic expectation that structural genes should be the same 
size in bacteria as in man, we note that the functional 
genetic unit in Drosophila corresponds to a band in thee 
salivary gland polytene chromosomes! This indicates thate 
complementation groups in higher forms gontain much 


more DNA than 1s necessary for specification of a protein It * 


has been postulated that the extra DNA has a regulatory 
function™* and that mutations ın any of the components 
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Sub-lethal Effect of Sulphaquinoxaline 
on the Tsetse Fly, Glossina austeni 
Newst 


A MARKED fall in fecundity of females of the tsetse fly, Glossina 
austent Newst, fed on rabbits, was found to be associated with 
the use of a commercial rabbit diet containing, as a coccidiostat, 
75 ppm _ sulphaquinoxaline and 7.5 p p.m. pyrimethamine. 
Contemporary flies fed on goats reproduced normally 





Table 1 Performance of Female G austen: fed on Rabbits Supplied 
Successively with Various Diets 





% 99 Mean No 
surviving to No puparia puparia pro- 


No 99 day 60 produced duced per 9 
Diet A 150 867 1,362 91 
Diet B 243 815 624 26 
Diet C 150 720 1,295 86 


Diets: A, Coccidiostat-free, B, 75 ppm _ sulphaquinoxaline and 
75 ppgn pyrimethamine, C, coccidiostat-free 


The performance of female flies fed on rabbits given the 
coccidiostat diet (diet B) 1s compared in Table 1 with tht 
performance of female flies fedeon the same rabbits given 
coccidiostat-free diets before (diet A) and after (diet C) the 
3 month period of feeding the treated diet Although &he 
longevity of all groups of flies was similar, females fed on rabbits 

A : 
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supplied with diet B produced markedly fewer puparia than 
those fed on the rabbits when supplied with diets A and C 
Age-specific fecundity schedules? show that the production of 
puparia by the affected flies was only slightly sub-normal during 
the first reproductive cycle but that 1n succeeding reproductive 
cycles a number of aborted larvae, interspersed with occasional 
normal larvae, were produced, followed by most females ceasing 
reproduction 

The observed effect on the fecundity of G austeni 1s con- 
sidered to have resulted from the action of sulphaquinoxaline 
Thus and other sulphonamide compounds, have systemuc 
msecticidal activity against mosquitoes after intraperitoneal 
administration to the host anımal?’ Single doses of 500 to 
540 mg kg~? of sulphaquinoxaline were required for a 48 h 
LD,, value. Interference with the synthesis of folate, directly 
or on a gut symbiont, has been suggested as the mode of action 
of sulphaquinoxaline under such circumstances‘ Pyrimetha- 
mine alone 1s inactive as a systemic insecticide? 

The effects on haematophagous arthropods resulting from 
feeding their hosts with concentrations of sulphaquinoxaline 
as low as 75 p p m. do not seem to have been reported, although 
in one case 330 pp m effected control of northern fowl mite, 
presumably by killing the mites* In G austeni, 75 p p m. was 
insufficient to cause any increase 1n mortality but did result in 
marked interference with the ability of females to produce 
offspring The relatively complicated method of reproduction 
of Glossina, adenotrophic viviparity, may be particularly 
susceptible to interference by very small quantities of such 
compounds as sulphaquinoxaline but workers maintaining 
any species of haematophagous arthropod should perhaps 
guard against the use of coccidiostats m the diet of their host 
animals 

In exceptional conditions in Africa, Glossina spp have been 
reported as being virtually dependent on one species of domestic 
animal, generally cattle*", for food In such circumstances, 
regular treatment of the hosts with low and acceptable doses 
of sulphaquinoxaline might have potential for the localized 
control of Glossina. 
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Role of Calcium in the Seasonal 
Modulation of Pacemaker Activity 
.in a Molluscan Neurosecretory Cell 


MMOLLUSCAN ganglia contain several pacefnaker neurones that 
* spontaneously generate stow membrane potential oscillations 
associated with a burst o£ spikes during the depolarising phase 
(bursting pacemaker potential, or BPR)5 One such neurone, 
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a neurosecretory cell in land snails, produces BPPs when the 
snail is active, but 1s typically silent and could not induce 
BPP activity during aestivation (hibernation)** We report 
here that calcium 1s important ın the seasonal modulation of 
this cell’s BPP activity 

We used a neurosecretory cell (cell No 11 according to 
Gainer’s nomenclature**) in specimens of the land snail 
Otala lactea, which had either been ın aestivation for more 
than 2 yr (‘aestivated’) or were fully activated, or were in a 
transitional state between aestivation and activity Hibernated 
snails which had been maintained for 2 yr 1n a well-aerated 
wicker basket at 6° C were transferred to room temperature 
(20-23° C) 1 month before use and divided into two groups 
The first group which was kept dry, and therefore remained 
1n experimental diapause or ‘aestivation’, did not remove their 
calcareous epiphragms nor emerge from their shells during 
the holding period The second dormant group was trans- 
formed into ‘active’ snails by maintenance 1n high humidity 
for 1 month Periodically fed lettuce, these snails exhibited 
normal foraging and mating behavidur *Transitional’ animals 
had been activated for 1-10 d 

In a typical experiment the ganglia were removed, pinned 
to Sylgard in a plastic Petri dish and perfused with snail 
saline, which consisted of (mM) 80 NaCl, 4 KCI, 5 MgCl, 
10 CaCl, and 5 Tris-HCl buffered to pH 7 8 One or two micro- 

electrodes were placed in the identified neurosecretory cell and 
electrical activity was monitored by conventional techniques 
Ion changes in the media were effected by washing the pre- 
paration with a twenty-fold excess volume of the new solu- 
tion To change the divalent cation concentration of the 
bathing solution the appropriate divalent (Ca?*, Mg?~ or Sr?*) 
as the chloride salt was added to a divalent-cation-free stock 
solution containing (mM) 100 NaCl, 4 KCl and 5 Tris-HCl 
buffered to pH 78  Hyperosmolarity of salines containing 
more than the normal divalent cation concentration was con- 
trolled for by adding NaCl instead of a divalent cation NaCl 
did not produce the regulatory effects observed with divalent 
cations The experiments were conducted at room tempera- 
ture (20?—23? C) 

Cells from aestivated snails were quiescent, having a 
greater resting menfbrane potential and conductance than 
cells from active animals, as previously reported*? ‘The 
current voltage relations of the aestivated cells were virtually 
linear over the —40 to —80 mV range while those of active 
cells were markedly alinear exhibiting both anomalous and 
delayed rectification? Sustained depolarisation of the mem- 
brane potential of aestivated cells by intracellular current 
elicited repetitive firing of spikes without BPP activity 
(DEPOL, Fig 1a) When calcium was removed from the 
saline, the membrane potential decreased and the cell began to 
generate BPPs which could be maintained as long as mag- 
nesium remained in the medium The appearance of BPP 
activity was accompanied by a change from linear to 
markedly alinear current-voltage relations (not illustrated) 
Thus, the removal of calcium from the external medium 
transformed the electrical properties of the aestivated cell 
into those of an acfive cell 

Cells from ‘transitional’ snails exhibited spontaneous pace- 
maker activity without slow membrane potential oscillations 
(Fig 1b) Current injection of either polarity could induce the 
BPP rhythm under normal saline conditions Calcium-free 
saline did elicit BPP activity If the remaining divalent cation 
(magnesium) was removed, the membrane potential gradually 
depolarised, lost its ability to generate the BPP and even- 
tually reached a high conductance, low potential state charae- 
terised first by fast frequency spike activity and then by 
inactivity In these conditions injection of hyperpolarising * 
current could not restore the BPP, 
presence of magnesium was necéssary for the generation of, 
BPPs . 

Removal of calcium from the saline bathing ‘active’ cells 
spontaneously generating BPPs led to a depolarisation and 


indicating that the e 
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Fig. 1 Calcium regulates the bursting pacemaker potential 
(BPP) of a neurosecretory cell Membrane potential records 
from the identified neurosecretory cell (No 11) 1n specimens of 
the land snail Ofala lactea at different states of activity a, 
Example from an aestivated snail In physiological salines 
([Ca?*]o —10 mM) the cell, which 1s hyperpolarised and silent, 
responds to sustained injection of depolarisng current with 
repetitive activity (DEPOL) Removal of [Ca?+]o from the 
medium leads to a depolarisation and initiation of spontaneous 
bursting activity, which progresses and stabilises with time 
b, Example from a snail in transition from aestivation to activa- 
tion Although the cell 1s spontaneously firing under control 
conditions, 1t does not burst with application of either. hyper- 
or depolarizing trans-membrane current (not shown) Removal 
of [Ca?*]o from the medium induces bursting behaviour 
Removal of [Mg?+]o, resulting 1n a nominally divalent cation- 
free solution, leads to a depolarisation and high rate of firing of 
spikes with subsequent loss of the BPP c, Example from an 
active snail The bursting rhythm 1s present 1n control saline 
The frequency of bursts, as well as spikes per burst, increases 
while the BPP amplitude decreases on removal of [Ca?*]o 
d, A transitional cell bursting 1n. calcium-free solution stops 
bursting and fires repetitively when the physiological complement 
of [Ca?+], 1s added to the medium (middle record) despite 
sustained depolarising current (DEPOL) Return to the 
calcium-free condition restores the burst 


increase 1n the frequency of bursts as well as spikes per burst 
(Fig 1c) If magnesium was also removed, then the mem- 
brane potential gradually depolarised, the BPP disappeared 
and the cell lost 1ts ability to generate BPPs in spite of hyper- 
polarising current The latter €ondition was seen with cells 
obtained from animals 1n all three environmental states 

The physiological role of calcium in the regulation of BPP 
activity ıs further illustrated by Fig 1d A cell from a ‘tran- 
sfional* snail spontaneously generates BPPs ın a calcium-free 


saline containing magnesium Addition of the physiological 
e. 


complement of calcium (10 mM)” to the saline completely 
inhibited. BPP generation Removal of thg calcium then 
restored the BPP agtivity 
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To investigate further the divalent cation regulation of the 
BPP we compared the BPP activity of these cells in the 
presence of varying concentrations (0-60 mM) of calcium, 
magnesium and strontium These experiments were conducted 
by washing 1n divalent-cation free saline until the ability to 
generate BPP activity disappeared, after which the appro- 
priate divalent cation was added to the saline and BPP 
activity monitored by measuring the amplitude of the BPP 
(defined ın the inset of Fig 2) Intracellular injection of 
current was always used to test the ability of the cells to 
generate BPP activity since the membrane potential was 
frequently depolarised ın low divalent cation strength solu- 
tions and hyperpolarised in high calerum and magnesium 
solutions Low strength divalent cation solutions were also 
associated with a decrease 1n threshold for firing as well as a 
decrease ın input resistance, while the opposite effects were 
seen 1n high strength divalent cation solutions Since all three 
divalent cations produced similar changes in these para- 
meters, their differential effects on BPP activity were com- 
pared without taking these changes into account The ampli- 
tude of the BPP was always measured at the current just 
necessary to produce the BPPs 





Fig. 2 Bursting pacemaker potential amplitude varies with 
external divalent cation concentration, type ([X?*],), and state 


of activity of the snail BPP amplitude (mV) ıs defined in the 
inset ın (a) and 1s graphed as a function of [Ca?*]o, [Mg?*], 
and [Sr?+]) in cell No 11 from an aestivated (a) and an activated 
snail (b) Experimental details are described in the text BPP 
amplitude ıs parabolically dependent on [Ca?*]; and [Mg?*]; 
and directly dependent on [Sr?*]o 1n both cells The range of 
[Ca?+]) over which BPP activity can be elicited ıs 1-5 mM ın the 
aestivated cell and 1-60 mM ın the active cell (The interrupted 
line describing BPP amplitude as a function of [Sr?*]o indicates 
that the cells tended to remain depolarised at the peak of the 
BPP unless hyperpolarising current was injected (see text) ) 
The change in sensitivity of the BPP amplitude to [Ca?*]o 
appears to be the major consequence of aestivation @, Ca, 
O, Mg, @, Sr 


In cells from aestivated snails BPP amplitude was para- 
bolically dependent on the external calcium concentration 
([Ca?*]), over the 1-5 mM range (Fig 2a) In 5 mM [Cat], 
the cell was hyperpolarised and could not generate BPP 
activity in spite of sustained depolarising current The BOP 
amplitude was also parabolically dependent on [Ca?*], in 
cells from active snails, but the range over which BPP activity 
could be elicited was extended to 60 mM [Ca**],, which 1s six 
times the physiological [Ca’*], (Fig 2b) Transitional cells 
manifested an intermediate sensitivity to calcıum BPP ampli- 
tude was also parabolically dependent on external magnesium 
concentration ((Mg**],) in both aestivated and active cells 
The range over which BPP activgy could be elicited; as wéll 
as the amplitude of the BPP, was smaller in the aestivated 
group BPP amplitude wag found to be directly related to 
[Sr], over the 1-60 mM *ànge 1h both aestivated and 
active cells Little, if any, inhibiting, effact was observed at 
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60 mM [Sr?*], in either group of cells In addition the BPP 
amplitudes were greater in [Sr**], than in either [Ca?*], or 
[Mg?-], although those ın aestivated cells were generally 
smaller than those in the active group Higher concentrations 
of [Sr?*], (20-60 mM) frequently resulted in a depolarisation 
of the membrane potential with continua] repetitive spiking 
activity (unlike similar concentrations of Ca?* and Mg*, 
which tended to hyperpolarise the membrane potentials of 
both groups of cells) Under these conditions the BPP cycle 
could be initiated by a brief pulse of hyperpolarising current 
and BPP activity maintained by proper adjustment of a 
sustained hyperpolarising current 

The above observations demonstrate that divalent cations 
are not only involved in the generation of BPP activity 
but also in its seasonal modulation Divalent cations are 
necessary for BPP activity and at physiological levels (10-20 
mM) the relative effectiveness 1n increasing BPP amplitude 
was Sr>Mg>Ca At higher concentrations (>30 mM) the 
reverse order of effectiveness 1n inhibiting the BPP was found 
Ca>Mg (<Sr) The®*resflts also show that calcium plays an 
important role in the seasonal modulation of pacemaker 
activity The sensitivity of aestivated cells to the inhibitory 
effects of calcium 1s increased ten times relative to the sensi- 
tivity of active cells The calcium concentration of the haemo- 
lymph of another species of land snail is markedly increased 
during aestivation®”® If Otala undergoes the same change 
in haemolymph calcium, there will be more than enough 
available to inhibit BPP activity (since aestivated cells are 
inhibited at calcium. concentrations physiological to active 
snails (10 mM)) We are investigating the interaction between 
the calcium, BPP activity and protein synthesis, since this cell 
also shows marked changes in the patterns of protein 
synthesis during aestivation? 
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Possible Involvement of Taurine in the 
. Genesis of Muscular Dystrophy 


* ALTHOUGH taurine Is a major amino acid in muscles and nerves 
eits physiological role ıs not well undejstood! It has bgen 
proposed to be a neuro-fransmitter and has been shown to be 
released from electrically stimulated rat cortical slices? and 
spinal cord slices? E 
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The taurine content of skeletal muscle in genetically dystro- 
phic chickens 1s reported to be higher than 1n normal chickens*. 
The dystrophic animals excrete this amino acid and its meta- 
bolite in the urme: Dystrophy induced by drugs or X- 
radiation also enhanced excretion of taurme in urine’. 
Reports have indicated the involvement of a presynaptic defect 
In muscular dystrophy*-!° On the results of cross innervation 
studies in the mouse, Law and Atwood have proposed that a 
"trophic" factor which 1s released from a presynaptic site may 
be absent in dystrophic muscle?. 

In our experiments, cats were anaesthetized with *Dial- 
urethan’ (0 6 ml kg-, 1 p) and a sciatic nerve-anterior tibialis 
muscle preparation made The sciatic nerve was stimulated 
supramaximally at a rate of 6 4 Hz with square waves of 0 5 ms 
duration The contractile force was recorded with a Grass 
FT03 Force-displacement transducer Taurine was dissolved 
in Krebs-Henseleit solution (pH 7 4) 

When taurine was injected into the femoral vein on the 
contralateral side from the monitored gnterior tibialis muscle, 
no effect on twitch tension at any* coficentration (01 mm- 
10 mm kg^?) was seen It 1s possible that taurine did not reach 
the neuromuscular junction, because of its rapid binding to 
platelets (J Gorden, personal communication) 

Intra-arterial, sequential injections of taurine (1 mmol kg-?) 
close to the monitored neuromuscular junction, however, 
produced ,a dose-dependent decline in the amplitude of the 
muscular twitch response 

When the sciatic nerve was tetanically stimulated, the de- 
pression of muscle contraction was temporarily reversed. 
Direct skeletal muscle stimulation also reversed the depression 
of contractility for the duration of the direct stimulation These 
studies indicate that taurme depresses transmission at the 
neuromuscular junction Studies described here, however, do 
not adequately pinpomnt a presynaptic or postsynaptic action 
of the drug Further studies will have to be made to delineate 
its precise site of action. The depressed neuromuscular trans- 
mission caused by increasing taurme concentrations in the 
vicinity of the neuromuscular junction 1s compatible with the 
demonstration of increased levels of this amino acid in skeletal 
muscle and urine of man and animals with muscular dys- 
trophy d 

Because taurine depressed neuromuscular transmission in 
the cat and changes ın taurme metabolism have been reported 
in muscular dystrophic animals, we propose that changes in 
this amino acid may be related to muscular dystrophy or may 
be the biochemical basis of lesions caused by this disease. 
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Salting-out in Amphiphilic Gels as 
a New Approach to Hydrophobic 
Adsorption 


HYDROPHILIC gels such as those formed from cross-linked 
dextran-Sephadex-!, agar? and agarose? are extensively 
used for molecular-size dependent fractionation (such as gel 
filtraton and gel permeation chromatography) Although 
solute-gel interaction other than, or in addition to, molecular 
sieving are often evident'-*, such interactions have seldom been 
deliberately exploited for fractionation of protein mixtures 
We describe below a method for protem fractionation based on 
ey penobie salting-out adsorption in non-ionic amphiphilic 
gels 

Amphiphilic gels are pgoduced by introducing a limited 
number of hydrophobic groups into hydrophilic gel-forming 
substances, yielding cross-linked polymers which are highly 
permeable and capable of extensive swelling 1n water as well as 
m many organic solvents In aqueous solutions they show 
affinity for hydrophobic solutes or solutes with hydrophobic 
groups The adsorbents, the use of which we advocate, do not 
contain 10nic groups, in contrast to those obtained by coupling 
ahphatic amines, tryptophan, tryptophan esters and so on, to 
cyanogen bromide activated agarose'-? Non-ionic amphi- 
philic gels, therefore, should not exhibit mixed 1onic-hydro- 
phobic adsorption but, instead, “pure” hydrophobic interaction 
with hydrophobic regions on the molecular surface of proteins 
and other solutes The adsorption capacity for proteins can be 
very high in certain conditions, providing the fundamental basis 
for a promising new type of chromatography, which we shall 
term hydrophobic salting-out chromatography 

The gel used here to demonstrate the new fractionation 
technique, a benzyl ether of cross-linked agarose, can be 
prepared as follows agarose gel of about 6% matrix content, 
cross-linked with epichlorohydrin or 2,3-dibromopropanolt*, 
preferably in the form of spherical beads, 1s swollen in water 
To a gel volume of 200 ml including the interstitial water, 200 
ml of 5 M NaOH 1s added, followed by 50 ml benzyl chloride 
and 1 g sodium borohydride The suspension is heated to 80° C 
with stirring and reflux. After 5 h the reaction 1s discontinued 
and the product transferred to a Buchner funnel and washed 
with ethanol and water The concentration of benzyl groups 1s 
estimated at around 1 8 mmol g~ of dry gel substance 


eee 
Table 1 Concentration and Group Separation of Kidney Bean Proteins 
by Benzylated Cross-linked Sepharose 6B* 





Total protein Volume 

Fraction (%) (ml) 
A 58 4,000 
B 5 60 
C 15 120 
D 10 150 
E 4 20 
Intermediate 

fractions 8 490 

n — ——R TER 


See Fig 2 


To illustrate the general phenomena, cytochrome c was 
selected as a convenient model substance Several frontal 
chromatograms were developedeon a column of benzylated 
cross-linked Sepharose 6B (10x19 5 cm), using solutions 
containing 1 mg of protein ml-? In one set of experiments the 
chromatograms were developed with solutions of 0 5 M sodium 
pifosphate buffer (pH 7) coryamuing different concentrations of 
sodium chloride Chromatograms were also developed ın 01 


NL M sodium formate buffer (pH 3) with and without sodium 


chloride (Fig 1) Adsorption intseases strongly,with increasing 
concentration of salt and 1s further enhanced by lowering the 
inge e 
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pH from 7 to 3. Unsubstituted cross-linked Sepharose 6B 
does not adsorb cytochrome c m these conditions, which 
clearly demonstrates the importance of benzyl groups for the 
hydrophobic adsorption 

To illustrate concentration and group separation of proteins 
a diluted sample of kidney bean extract™, containing 08 g of 
freeze-dried protein dissolved in 4 1 of 0 1 M sodium formate 
buffer (pH 3) and 3 M ın NaCl, was introduced into a benzyl 
agarose column Elution was performed by increasing the 
pH, decreasing the ionic strength and lowering the polarity of 
the solvent (Fig 2) Trypsin inhibitor activity and haemag- 
glutinin activity were measured on aliquots*® (Fig 2 and Table 
1) Phytohaemagglutinins are found in Fractions C, D and E. 
Fraction E contains 9575 of the trypsin inhibitor activity 200- 
fold concentrated on a volume basis The purification factor 
based on adsorbance at 280 nm was 25 for trypsin inhibitor. In 
an experiment performed as above, except that sodium chloride 
was omitted from the sample and the starting buffer, only 12% 
of the protein material was adsorbed to the gel. 


3M NaCl 


04 0M'NaCl IM NaCl 





A254 
0 0M NaCl 


1M! NaCl 





V, 100 200 300 


Effluent volume (ml) 


Fig. 1 Frontal chromatograms of cytochrome c in 0.05 M 

sodium phosphate buffer, pH 7 0 (above), and 0.1 M sodium 

formate buffer (below), obtained with and without sodium chlor- 

ide included in the solutions Transmission plotted against 

effluent volume Adsorbent benzyl ether of cross-linked 

‘Sepharose’ 6B Total volume of the column: 15.2 ml See 
also text 


The bed used in these bean extract experiments has been 
repeatedly used over a period of more than three months. More 
than 20 chromatograms have been made and the gel has been 
exposed to amounts of protein corresponding to more than 50 
times 1ts own dry weight No progressive change in 1ts chroma- 
tographic properties has been observed. The gel 1s extremely 
durable and the adsorption-desorption processes are highly 
reproducible 

The following conclusions can be drawn from our present 
experience (1) At high concentrations of salts and at pH 
values ın the acid range a very high capacity can be attained 
For example, benzylated *afarose can adsorb amounts of 
protems corresponding to several times its own dry weight. 
(2) High salt concentration often promotes such strong 
adsorption that, once adsorbed, a protein may be desorbed 


only by severe reduction 1n 1onif strength and/or lowering of ° 
the polarity of the medwm arf¥/or elevation of the pH In, 


contrast to the other chromatographic methods based on 
agarose contaimng hydrophobic groups*-?, desorption 1s *thus 
achieved by decrgasing the 1onic strengths while 1n the former 
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Fig.2 Chromatogram of kidney bean extract on benzyl ether- 
‘Sepharose’ 6B Column size 09x11 5 cm, flow rate introduc- 
tion of sample 90 ml h+, flow rate: elution 18 ml h-, buffer 
systems’ formate buffer (FB), Tris-HCl buffer (TB); glycine 
buffer (GB) Trypsme inhibition was measured on 40 times 
diluted material (5 min incubation with 01 mg trypsin ml-*) 
Absorbancy at 280 nm‘O—O; trypsin mhubition(%)' A— A; 
agglutinating activity (ttre) of human erythrocytes as inverted 
dilutions: A --- A See also Table 1 


methods desorption is attempted with increasing salt concen- 
trations (which promote hydrophobic adsorption) Further- 
more, according to our method, desorption can be accomplished 
increasing rather than lowering the pH of the eluent (3) Effec- 
tive group separations and concentration of protein solutions 
can be accomplished easily 

The underlymg principle of salting-out adsorption is not 
clearly understood, but presumably the driving force is the 
entropy gain arising from structure changes in the water 
surrounding the interacting hydrophobic groups. 

This investigation has been sponsored by a grant from the 
Swedish Board for Technical Development Patent 1s pending. 


JERKER PORATH 
Lars SUNDBERG 
*NERMIN FORNSTEDT 
INGMAR OLSSON 


Institute of Biochemistry, 
University of Uppsala, 
Box 531, S-751 21 Uppsala 


Received June 11, 1973 


1 porath, J, and Flodin, P , Nature, 183, 1657 (1959). 

3 Polson, A, Biochim biophys Acta, 50, 565 (1961) 

3 Hjertén, S , Biochim biophys Acta, 79, 393 (1964) 

4 Porath, J, Biochim biophys Acta, 39, 193 (1960) 

5 Gelotte, B, J Chromatogr , 3, 330 (1960) 

6 Eaker, D , and Porath, J , Separation Sci , 2, 507 (1967) 

1 Yon, R J, Biochem J , 126, 765 (1972) 

8 Er-el, Z , Zaidenzaig, Y , and Shaltiel, S, Biochem biophys Res. 
Commun , 49, 383 (1972) 

Hofstee, B H J, Biochem biophys Res Commun , 50, 751 (1973) 

10 Porath, J, Janson, J-C, and Laas, T., J Chromatogr , 60, 167 


(1971 
B RIP" and Johnsson, E A., Ann. N Y Acad. Sci, 113, 800 
x3 Paiz , Hartwich, G , and Werle, E , Z physiol Chem , 345, 150 


(1966) 
19 Salk, J E., J Immun , 49, 87 (1944) 











Reference Abbreviations 


ALL abbreviations of references ın Nature should now 
conform to the style of the World«List of Scientific 
Periodicdls, fourth, ed (Butterworth, 1963-65). 
Authors submitting manuscripts are asked to ensure 
that the references are written appropriately 
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TELEVISION REVIEW 





Broadening Horizons 


Horizon, BBC Television’s science 
feature, has eased 1ts way back on to our 
screens for the autumn with little of the 
fuss and fanfare surrounding one-off 
specials like The Life Game With true 
professionalism, the series has built from 
a gentle start with Konrad Lorenz and 
his performing geese followed by the 
immediate human impact of the prob- 
lems of spastics, before moving on to 
the hard stuff of plant genetics and the 
even harder stuff of black holes Even 
granting that Lorenz provided in *omt 
way an easy first programme, however, 
whether by luck or judgment the 
Horizon team can bask in the know- 
ledge that their programme was screened 
just a few weeks before the man was 
awarded a Nobel Prize 

Like the series itself, individual pro- 
grammes seem designed to lead the 
casual viewer gently into the mysteries 
of the week’s chosen topic, rose gardens, 
for example, providing an easy lead in 
to the mysteries of genetics and the pos- 
sibilities of easing the world food prob- 
lem by genetic tinkering This ordered 
structure 1s a great aid to the viewer, and 
the two Horizon programmes (Gilding 
the Lily and The Black Holes of 
Gravity) which appeared in the weeks 
immediately before and after The Life 
Game (reviewed ın Nature last week) 
emphasised only tod clearly the failings 
of the latter in this respect The first 
beat The Life Game at a part, at least, 
of its own game, the second covered an 


equally broad topic more clearly, more 
entertainingly, 1n less than half the time 
and at much less than half the cost 

What were the particular virtues of 
The Black Holes of Giavity which made 
this programme such a striking example 
of both good science and good entertain- 
ment? Continuity is perhaps the key 
without which all technical tricks are 
useless, and the programme, after a 
quick pre-title flash, began at the begin- 
nung of man's fumbling with the secrets 
of gravity, building from Greek ideas 
to those of modern relativists Indeed, 
black holes were not mentioned after 
the titles for a full 40 minutes, ın a pro- 
gramme only 55 minutes long Given 
the logical buildup of the theme, the 
visual aids available to TV were used 
1maginatively and helpfully 1n the con- 
text of the theme Both graphics and 
models assisted the viewer to understand 
the theories being propounded, although 
1n one case 1t did seem that a computer 
graphic display was used because it was 
pretty (which it certamly was) rather 
than because it was informative (which 
it certainly was not) 

With one notable exception, the pro- 
gramme also avoided straying into sensa- 
tionalism in what 1s, after all, a pretty 
sensational subject For example, Pro- 
fessor Joseph Webers enthusiastic 
claims that 200 gravity wave events are 
being recorded by his equipment each 
month was matched by Dr Tony Tyson’s 
sober assessment of what is now the 
general view, that Weber 1s probably 
observing something other than gravity 


CORRESPONDENCE 


waves It was a little odd that the 
possibility of a gravitational “constant” 
which varies with the age of the Universe 
was introduced without mentioning 
Hoyle’s work—but on the other hand it 
was pleasant to see a British-made pro- 
gramme about the frontiers of astro- 
nomical knowledge which showed a few 
different faces, and no doubt that 
explains the absence of that bastion of 
astronomy 1n this case 

The exception to this sober approach 
unfortunately came right at the end of 
the programme, and thus left a slightly 
sour aftertaste Professor John Taylor, 
gazing earnestly into the camera, spoke 
sincerely of the philosophical implica- 
tions of black holes, and how they will 
swallow up the Universe so that “in the 
future there will be no future" Stirring 
stuff, but he did neglect to point out 
that this calamity 1s not due to take 
place tomorrow, or even in the next 
10° years, so that we can for the ımme- 
diate present concentrate on the more 
mundane problems facing the world 

Even with that caveat the programme 
stood as a glowing example of why 
the best of BBC TV science 1s the best 
TV science in the world Perhaps the 
team responsible for the BBC science 
epics should, after their recent failure 
to maintain their own high standards, 
be made to take a refresher course in 
the fundamentals of producing enter- 
taining and informative science pro- 
grammes, by being set to watch a series 
of the best of Horizon 

JOHN GRIBBIN 





Smoking, Pregnancy and Publicity 


Sm,—P R J Burch (Nature, 245, 277, 
1973) quotes some articles by Professor 
Yerushalmy which, he claims, support 
the notion that ıt ıs the ‘smoker’ rather 
than the ‘smoking’ which 1s responsible 
for the association between low birth- 
weight and smoking ın pregnancy Un- 
fortunately, Yerushalmy’s analyses’? 
are statistically unsound, a fact I have 
discussed 1n detail elsewhere** 

Briefly, what Dr Burch decribes as “‘1n- 
consistencies” in the “causal hypothesis” 
arise from straightforward statistical 
musunderstandingse The first so-called 
“inconsistency” 1s that among low birth- 
weight babies (<2,500 g), those whose 
mothers smoked duying pregnancy have 
a dower perinatal mortality rate and a 
lower severe congenital anomaly *rate 
than those whose mothers did not 
smoke The explanatron for this find- 


ing simply follows from the (undisputed) 
fact that the distribution of birthweights 
for the babies of smokers 1s the same as 
that for non-smokers except that it is 
shifted downwards by about 170 g It 
necessarily follows that, for babies 
<2,500 g, the birthweight distribution 
has a higher mean value for smokers 
than for non-smokers It 1s not sur- 
prising, therefore, that the low birth- 
weight babies of smokers fare better 
than the low birthweight babies of non- 
smokers 

The second dint concerns the fate of 
babies born to mothers before the 
mothers started to smoke In com- 
paring mothers wto had nefer smoked 
with those who started smoking before 
they were 29, Yerucnaliny unfortunately 
did not carry out an age standardisation 


to have had babies at younger ages and 
would therefore be expected to have 
had lighter babies To my knowledge, 
Yerushalmy has still not carried out a 
proper standardisation and until this 1s 
done his conclusions cannot be accepted 
Jt seems to me that the statistical evi- 
dence for an association between 
smoking in pregnancy, low birthweight 
and perinatal mortality remains strong 
The only point which 1s really at issue 
ıs the nature of the mechanism respon- 
sible for “the association, whether the 
smoking itself causes the lowered birth- 
weight and so on, or whether some, pre- 
existing characteristics of the woman 
are r§sponsible for both Some studies 
. currentty in progress, comparing babies 
born to women who have been actively 
pérsuadéé to give up smoking during 


In particular, the latter group will tend. pregnancy witli meee born to women 
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who have not, should help us to dis- 
tinguish between these two hypotheses 
Yours faithfully, 
Harvey GOLDSTEIN 


National Children’s Buieau, 

Adam House, 

1 Fuzioy Square, 

London W1P 5AH 

1 Yerushalmy, J , Am J Epidemiol , 93, 443 
(1971) 

? Yerushalmy, J, Am J Obstet Gynecol , 

112, 277 (1972) 

7 Goldstein, H, Am J Epidemiol , 95, 1 
(1972) 

* Goldstein, H, Am J Obstet Gynecol, 
114, 570 (1972) 


Sig,—Your editorial (Nature, 245, 61, 
1973) raises a central problem in 
environmental protection when action 
is justified on the basis of incomplete 
evidence You are correct that the 
study by Goldstein et al does not prove 
that smoking during pregnancy causes 
the deaths of 1,500 babies in Britain 
each year, but the study does indicate 
a substantial probability that it does 
You may possibly be right that an 
effective campaign to prevent pregnant 
women from smoking might cause com- 
parably serious side effects, but the prob- 
ability that ıt would is surely much 
smaller. You place yourself in a curious 
logical position, because the standard 
.of proof you demand—“that compul- 
'Sory abstention produces the same sort 
. Of statistics as voluntary abstention"— 
“could only be obtained by a campaign 
" of the kind to which you object 

A determined campaign to eliminate 
smoking, started in the early nineteen- 
sixties, would, if effective, have prob- 
‘ably averted at least a million smoking- 
related deaths, Paraphrasing your 
arguments, it 1s “quite possible” that it 
would also have had undesirable side 
effects “Perhaps” involuntary ex- 
smokers would have died in large 


Subscriptions to NATURE 


numbers from stomach ulcers, or road 
accidents, or other ill-defined con- 
sequences of “well-known tensions", but 
the balance of probabilities 1s and was 
against this Those who opposed con- 
trols on smoking in the 1960s should 
now have a heavy burden on their 
consciences 

The same questions are raised by 
almost every major environmental 
health issue, whether sulphur in fuel, 
lead in petrol, DDT on food crops, or 
asbestos ın beverages It 1s never pos- 
sible to ‘prove’ hazard completely, 
because of the host of uncontrolled 
variables and the lack of unexposed 
controls Decisions to act against a 
hazard must always be made on incom- 
plete evidence But those who argue 
for inaction until the hazard 1s ‘proved’ 
bear as much moral responsibihty for 
the consequences of their recommenda- 
tions as those who urge action before 
the evidence for hazard 1s compelling 

In your case, the burden of responsi- 
bility ıs relatively light The course of 
inaction which you recommend would 
probably result in the deaths of only 
about 1,500 babies a year in Britain, or 
perhaps 50,000 a year world-wide As 
you say, perhaps the effects would be 
less serious, or even beneficial But 
the weight of evidence, as it exists now, 
IS against you I hope your conscience 
will remain clear 


Yours faithfully, 
IC T NISBET 


Massachusetts Audubon Society, 
Lincoln, 
Massachusetts 01773 


A lit of books received will 


appear in the November 2 issue of 
Nature 
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Announcements 


Erratum 


In the book review ‘Electromyography’ 
(on page 437 of this issue) the title of 
the book should be New Developments 
ın Electromyography and Clinical 
Neurophysiology 


International Meetings 


December 2-5, First International Sym- 
posium and Exposition on Ozone for 
Wastewater Treatment (International 
Ozone Institute, 24 Central Avenue, 
Waterbury, Connecticut 06702, Myron 
E Browning) 


December 3-4, The Mammalian Fetus- 
Comparative Biology and Methodology 
(Dc E S E Hafez Department of 
Gynecology-Obstetrics, 550 E Canfield, 
Detroit, Michigan 48201) 


December 3-5, Advances in Analytical 
Toxicology (Registrar, Institute of Clinical 
Toxicology, PO Box 2565, Houston, 
Texas 77001) 


December 4, Technology of Superplas- 
ticity (The Meetings Officer, The Institute 
of Physics, 47 Belgrave Square, London 
SW1X 8QX) 


December 4, Analytical Techniques for 
the Museum and Art Gallery (The Society 
for Analytical Chemgtry, 9/10 Savile Row, 
London W1X 1AF) 


December 4-5, The Selection of Materials 
in Machine Design (Conference Depart- 
ment, Institution. of Mechanical En- 
gineers, 1 Birdcage Walk, London SWIH 
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Pharmacia Gel Electrophoresis System 


for, polyacrylamide gradient electrophoresis 
and other P.A.G.E. techniques 


The complete system 

Full capabilities for the new pore gradient electrophoresis 
technique, two dimensional studies, gel rod electro- 
phoresis. 


Polyacrylamide gradient gels PAA 4/30 
Convenient ready-to-use gradient gel slabs give extreme 
resolution over the whole range 50,000—2 million MW. 
Self-limiting migration concentrates the zones after sepa- 
ration by molecular size. 

. 
Gel electrophoresis apparatus GE-4 
4 gel slabs, 12 samples on each, or 16 gel rod capacity. 
Robust moulded construction with built-in cooling system. 
Full range of accessories for all applications. 


Electrophoresis power supply EPS 500/400 

Compact, all solid state. 0—400 mA constant current, 
0—500 V constant voltage with automatic cross-over. 
Maximum effect 60W. Full personnel and instrument 
protection. Available 1974. 


Gel destainer GD-4 

Electrophoretic or diffusion destaining of slabs or rods in a 
single operation. Twin cells. Active dye removal and sol- 
vent circulation. Results can be inspected at any time. 


Destainer power supply DPS 
Compact, reliable, all solid state. Push-button selected 
constant voltages 12, 24, or 36 V. Timer controls electro- 
phoretic destaining up to 90 minutes. 

e 


. 
Find out more about the Pharmacia Gel Electrophoresis System from your usual supplier of Sephadex” and Sepharose"*. 





Pharmacia Fine Cherjicals AB 


Box 175 ° . 
S-751 04 Uppsala 1 
Sweden x ES 
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Biological research has for too long suffered from 
restricted experimental attitudes and ‘vertical’ thinking. 

Now Differentiation, an important new 
publication, provides the opportunity for 
interdisciplinary communication and increasing 
fertilization of ideas across the artificial boundaries 
created by overspecialization. This journal, published 
bi-monthly, offers up to date information and synthetic 
views of a problem underlining the whole biological 
phenomenon - differentiation. 

The first three issues contained papers on: 
Degree of differentiation in nonproliferating cells of 
mammary carcinoma. C. V. Wylie, P. K. Nakane and 
G. B. Pierce. 

Polyribosome profiles and polyribosome-associated RNA of 
Friend leukaemia cells following DMSO-induced 
differentiation. H. D. Preisler, W. Scher and Charlotte Friend. ~ 
Studies on cytology and differentiation in Sciaridae. 5. Electron microscopic studies on 
the salivary glands of Bradysia elegans Morgante (Diptera, Sciaridae). A. B. Da Cunha, 
R. W. Reiss, C. Pavan, J. J. Biesele, J. S. Morgante and M. C. Garrido. 

The principle of sequential dependence in cellular differentiation. P. A. Riley. 

The next issues of Differentiation will contain: 

Time lapse filming of cellular interactions in organ culture. 2. The behaviour of 
malignant cells. E. J. Ambrose and Dorothy M. Easty. 

Intercellular levels of cyclic nucleotides during cell enlargement and cell division in 
excised tobacco pith tissues. C. V. Lundeen, H. N. Wood and A. C. Braun. 

Pattern formation in Dictyostelium discoideum: temporal and spatial distribution of 
prespore vacuoles. Ursula Muller and R. Hohl. 

The enrichment of egg-type RNA in cleavage stage embryos of the sand dollar 
Dendraster excentricus. Shigeki Mizuno, H. R. Whiteley and A. H. Whiteley. . 
DNA synthesis and the production of antibodies by lymphoid tissues. G. Harris. 
Neurite extension by mouse neuroblast: evidence for two modes of induction. 

P. Furmanski. 

The journal aims to cover the following areas of study: embryonic 
Differentiation, normal cell growth and division, carcinogenesis and the cancer 
problem as an aspect of cell differentiation, inter-tissue reactions in vivo and in vitro, 
genetic mosaicism, nucleo-cytoplasmic interactions, nuclear transplants, cell 
hybridization, evolutionary biology, membrane controls of the cell, plant evolution 
and differentiation, immunological events relevant to differentiation. 

Contributions for publication are invited by The Editor. 

Editor: Dimitri Viza. Faculté de Médecine Pitié-Salpétriére, Pathologie 
Générale et Expérimentale, 105 Boulevard de l'Hôpital, 75634 Paris Cédex 13, France. 

Editorial Board: E. J. Ambrose, R. Auerbach, J. Brachet, A, Braun, D. A. L. 
Davies, B. Ephrussi, H. Holtzer, F. Jacob, N. J. Jerne, C. Kafiani, G. Klein, Rita 
Levi-Montalcini, A. Lwoff, R. G. McKinnell, C. L. Markert, Beatrice Mintz, C. 
Pavan, B. Pierce, S. Spiegelman, G. Tocchini-Valentini, S. Toivonen, D. Yaffe, i 
T. Yamada. t; 

|. Cited in Current Contents. 
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Classified Advertisements 


CONDITIONS All advertisements will only 
be accepted on the condition that the advertiser 
warrants that the advertisements do not in any 
way contravene the provisions of the Trade 
Descriptions Act 1968 and the Race Relations Act 
1968 The Publisher also reserves the right to 
refuse, amend, withdraw or otherwise deal with 
all advertisements submitted to him at his absolute 
discretion and without explanation All advertise- 
ments must comply with the British Code of 
Advertising Practice 

The Publishers will not be liable for any loss 
occasioned by the failure of any advertisement to 
appear from any cause whatever, nor do they 
accept liability for printers’ errors, although 
every care is taken to avoid mistakes 
Semi-displayed £750 per single column inch 
Minimum £4 50, each additional I/IOth of an inch 
75p Full page £202 00 Half page across £106 00 
25p ts charged for the re-direction of replies to 
advertisements with a box number 
ADVERTISEMENTS SHOULD BE ADDRESSED 
TO T G Scott 1nd Son, Limited, | Clement's Inn, 
London, WC2A 2ED Telephone 01-242 6264 
Telegrams Textualist, London, W C 2 


APPOINTMENTS VACANT 


MARKETING 
EXEGUTIVE 


for International Division A young 
man under 30 ts required to fill a 
challenging position in the market- 
ing of Laboratory Equipment 


Duties will include the implementa- 
ton of marketing and sales 
objectives, the planning of overseas 
exhibitions and the launching of 
special promotions Some overseas 
travel may be envisaged 


The successful applicant will already 
have some marketing experience— 
if possible in thee laboratory or 
educational supply field 


For application form and further 
details contact J. J. van Maurik, 
Griffin & George Ltd., 1 Aintree 
Road, Perivale, Middlesex. 


Telephone number 01-998 7711 


RU 19. 


GRIPDEIN 


AGRICULTURAL RESEARCH COUNCIL 
POULTRY RESEARCH CENTRE 


Applications are invited for a post within 
the Scientific/Higher Scientific Officer grades 
m the Ethology Section of the Poultry Re- 
search Centre for work on animal welfare and 
stress 

Candidates should have a good Honours 
degree (and preferably a PhD) in a bio- 
logical subject and be interested in studying 
physiological changes accompanying frustration 
and conflict Some knowledge of the prepara- 
tion of data for computer analysis and of 
electronics would be am advantage, since the 
work will initially entail use of telemetry 

Salary within the scales £1,318 to £2,177 or 
£2,076 to £2,667 per annum with placement 
according to qualifications and experience 
FSSU superannuation with a no1-pension- 
able allowance to offset Contributions 

Application forms, whith may be obtained 
from the Secretary, Poultry Research Centre? 
King’s Buildings, West Mains Road, Edin- 
burgh EH9 3JS, should be completed and 
returned to hum not later tham Bee 








Product 
Safety Manager 


Johnson & Johnson ts an international company 
leaders in the field of surgical dressings toiletries and 
baby products We now have an opening for a young 
pharmacist to join an established department 


responsible for the medical safety of all our products 

His, or her, major responsibility will pe to initiate and 
implement appropriate animal toxicological studies 
through outside agencies and evaluate results so as 
to give product safety clearance for clinical trials and 


subsequent sales He will also prepare product 
registration submissions The job will involve 
developing active and effective contacts within the 
company, and with professional, government and 
research organisations 
This is an important managerial position calling for a 
combination of professional expertise and inter- 
personal skills and it represents a very progressive 
career step to a young pharmacy graduate with at 
least 2 years industrial or hospital experience 
We offer a salary of not less than £3,000 together 
with large-company fringe benefits 
Write or phone for an application form to John 
Protas, Senior Personnel Officer Johnson & 
Johnson Limited, Slough, Bucks SL1 4EA Tel 
Slough 31234 

(1345) 





Research Leader— 
Pharmacology 


Ware 


This ts a new appointment in our team doing research work on 
the central nervous system. The work will involve controlling a 
team of graduate and technical staff and will be concerned primarily 
with the development of electrophysiological techniques for 
studying the actions of drugs on the central nervous system, 
particularly sedative hypnotic agents. 


The post would be suitable for neuropharmacologists or neuro- 
physiologists with appropriate experience A knowledge of 
behavioural pharmacology would be an advantage 


This is an exciting career opportunity tn a growing and successful 
organisation Our new laboratories are situated at Ware, a 
pleasant rural Hertfordshire town about 20 miles north of London. 
An excellent starting salary will be offered together with other 
attractive fringe benefits, including a share in the profitability of 
the Glaxo Group. Assistance with relocatiom expenses will be 
given where necessary. 


Please write, giving brief relevant details, quoting ref. U 370, to. 


eG. Ra Jones, 
Personnel Officer, 
° Allen & Hanburys Ltd., 
riory Street, Ware, 
Herts,SGI2 0DJ. 
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AGRICULTURIST 
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This could be your opportunity to join the Fisons Research 
teams working on the development and application of fertil- 
izers for arable crops and grassland An opening in the 
Agricultural Department of Fisons Research Station at 
Levington, near Ipswich, represents an attractive opportun- 
ity toapply your qualifications in a commercial environment 


As an Agriculturis* you would cover a range of projects 
within the general activities of the Agriculture Department, 
and would also have specific responsibihties for research 
into vegetable crops You would work m close haison with 
farmers, growers and vegetable processors, making a sub- 
stantial contribution to the development of new products 

Since the Agriculturist's role covers the introduction of com- 
puter techniques in the collation, logging and presentation of 
data, youshouldhav esomeappreciation of computer usage 


The post will be of interest to youif you are aged up to thirty 
and either qualified to Ph D level in agriculture or allied 
biological sciences, or with a good honours degree plus 
some post-graduate research or agricultural experience 


Salary and fringe benefits are competitive and at the level 
you would expect from a large national company Career 
developments something we take very seriously A further 
attractions Levgrigton itself The Research Station has itsown 
farm and ıs situated close to the Suffolk coast 


Please write or telephone for an appucation form to — 


T F Smith, Staff Personnel 
Manager (AT), Fisons Limited - 
Fertilizer Division, Harvest 
House, Felixstowe, Suffolk 


UNIVERSITY OF NAIROBI 
KENYA 


Applications are invited for the following posts 
in the Department of Crop Production 


(a) SENIOR LECTURER IN AGRICULTURAL 
ENGINFERING—AGRICULTURAL 
ENGINEERING UNIT 


Applicants should have a BSc and a postgradu- 
ate degree in agricultural engineering, preferably in 
the field of soil and water engineering They should 
have considerable teaching experience, preferably in 
the tropics Duties will include teaching under- 
graduate and postgraduate students, curriculum A 
development and research 


(b) LFCTURER 


Applicants should have a good degree in agricul- 
ture, horticulture or botany, with postgraduate qualifi- 
cation in general agronomy, experience in teaching 
and/or research will constitute a recommendation 
The successful candidate will be required to under- 
take teaching of crop production (especially with 
regard to cereals, legumes or root crops) to under- 
graduate students and to guide and teach postgradu- 
ate students 


Salary scales (a) K£2,256 to K£3,036 per annum 
(b K£1,500 to K£2,580 per annum (K£1—£l 20 ster- 
ling) The Brush Government may supplement 
salaries in range £450 to £950 per annum (sterling) 
for married appomtces or £150 to £650 per annum 
(sterling) for single appointees (normally free of all 
tax) and provide children's education allowances and 
holiday visit passages FSSU Family passages, 
various allowances 


Detailed applications (2 copies), including a cur- 


Graduates and Ph.D's 


(1293) 





Biochemical Development 


The Searle Group 1s a leading 
research-orientated company 1n 
the pharmaceutical 1ndustry, 
based 1n High Wycombe 

Owing to further expansion, we 
now require Scientists with a 
background ın biochemistry or 
clinical chemistry, to join an 
active team developing new 
diagnostic products 

The positions will appeal to people 
who like to see practical use made 
of their works, who are flexible 

in their approach and prepared 

to apply their scientific training 
and initiative to the solution of 
whatever problems arise — 


irrespective of precise scientific 
disciplines 

A degree, FIMLT or equivalent 
qualification, 1s required and 
experience 1n fields such as 
clinical chemistry, enzymology 
or 1mmunology would be 
advantageous 

Please apply by letter to 

J N Williams, Assistant 
Personnel Manager, 

G D Searle & Co. Ltd , 


Lane End Road, 
SEARLE 


High Wycombe, 
Bucks 
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UNIVERSITY OF OXFORD 


RESEARCH POSTS 
IN NUCLEAR PHYSICS 


Applicanons are invited for post-doctoral research 
posts in a group carrying out experimental research 
m hugh energy physics Appointments will be for 
an initial period of three years at a salary on the 
lecturer scale, depending on age and experience, and 
with a maximum of £3,378 Pension arrangements 
through FSSU 

The activities of the group at present include con- 
ventional experiments in hydrogen bubble chambers 
aided by an automatic film measuring system 
(PEPR), neutrino experiments in a large heavy liquid 
chamber, development of multiwire drift chambers 
for particle identification, etc Future diversification 
to new techniques 1s actively encouraged There are 
good in-house computing facilities and a terminal to 
an IBM 360/195 

Applications (one copy), with curriculum vitae, 
list of publications and names of two referees, should 
be sent to Professor D H Perks, Nuclear Physics 
Laberatory, Keble Road, Oxford OXI 3RH (1115) 


HOSPITAL  BIOCHEMIST (BASIC GRADE) 
GRADUATE in Biochemistry or allied subjects re- 
quired to train in Clinical Chemistry. under super- 
vision of Consultant Chemical Patholpgist Salary 
scale, Honours degree £1,566 to £1,990 per annum 
according to qualifications and experknce, plus £125 
London Weighting per annfm Single accomnfoda- 
uon could probably be provided —Apphication forms 
obtainable from, and returnable to, Gonsultane Chemi- 
cal Pathologist,* Clinical Laboratories, The Maudsley 
Hospital, Denmark Hill, London SES 8AZ | (1219 


INSTITUTE OF 
GEOLOGICAL SCIENCES 


A MICROPALAEONTOLOGIST with experience 
of Cretaceous animal muicrofossils 1s required for the 
Palaeontological Department Preference will be 
given to candidates who have specialized on fora- 
mimifera but have a working knowledge of other 
groups The work will be concerned with the Inst- 
tute's field survey and Continental Shelf activities 
The post is at the Northern England Office, Ring 
Road, Halton, Leeds, but all staff of the Institute 
are hable for overseas service 

Qualifications Appointment will be as Higher 
Scientific Officer or Senior Scientific Officer, normally 
requiring a degree with Ist or 2nd class honours 
(or equivalent qualifications) plus at least 2 years’ 
appropriate postgraduate or other approved experi- 
ence for HSO and 4 years’ for SSO (Those who 
expect to complete the specified periods of experi- 
ence in 1973 may also apply) Age HSO_ nor- 
mally under 30, SSO normally at least 25 and 
under 32 

Salaries Higher Scentlfic Officer, £2,076 to £2,667, 
Senior Scientific Officer, £2,615 to £3,640 Starting 
salary may be above the w&nima Good promotion 
prospects — Non-contributory pension scheme 

The staff of the Council are not Civil Servants but 
their pay and conditiogs of service are similar to 
those of Serena in the Civil Service 

Application fdtms @vailable from Esablishment 
Office, Institute of Geological Sciences, Exhibition 
Road, London SW7 2QE_ Please quote,Ref SO/ 
PAL/73/2 Closing @ate December 14, 1973 


NATURAL ENVIRONMENT RESEARCH 
t COUNCIL 
(1328) 


riculum vitac and naming 3 referees, should be for- 
warded by air mail rot later than November 19, 
1973, to the Registrar, University of Nairobi, PO 
Box 30197, Nairobi, Kenya — Applicants resident in 
UK should also send 1 copy to Inter-University 
Council, 90/91 Tottenham Court Road, London WIP 
ODT Further particulars of these appointments are 
obtamalsc from either address (1274) 


JAMES COOK UNIVERSITY 
OF NORTH QUEENSLAND 


LECTURER 
IN VETERINARY SCIENCE 
(VETERINARY PARASITOLOGY) 


Applicants should have a PhD or equivalent 
qualifications and have research experience in the 
field of Veterinary Helminthology or Entomology 
The appointee will present courses in one of the 
stated fields and supervise graduate students on course 
work or research programmes and develop research in 
his discipline relating to livestock problems 

Salary range $8,698 to $A11,982 per annum plus a 
locality allowance of $A142 per annum for married 
males or $A71 per annum for single appointees 

Conditions of appointment include F SSU super- 
annuation, housing assistance, invalid pension scheme, 
study leave and allowance for travelling and removal 
expenses on appointment 

Additional information and application forms may 
bg obtained from the “Secretary-General, AssBciation 
of Commonwealth Universities (Appts), 36 Gordon 
Square, London WC1H OPF 

Applications close on November 30, 1973. 
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UNIVERSITY OF MALAYA 
FACULTY OF SCIENCE 


Applications are invited for the posts listed below 
which are now vacant and new posts expected to be 
available early imn 1974 Subject to academic sun- 
abihty and experience, preference will be given to 
candidates who arc competent in Bahasa Malaysia 
(Malay) 


ONE ASSOCIATE PROFESSOR IN THE DE- 
PARTMENT OF GFOIOGY  Applcants should 
have a higher degrec, and their fields of interest 
should either be geophysics and mathematical geo- 
logy or engineering geology Thc successful appl- 
cant will be expected to teach courses m his 
specialisation to at least Honours degree level, and 
also to supervise and carry out rescarches in his 
special fields 


LECTURERS/ASSISTANT LECTURERS IN THE 
DEPARTMFNTS LISTED BFLOW Candidates 
should have at least a good Honours degree with 
suitable teaching and research experience on addition 
to the special qualifications where indicated For 
the Lectureships a doctorate is normally required 


DEPARTMENT OF CHEMISTRY Preference 
will be given to candidates possessing qualifications 
an one or more of the following fields Analytical 
Chemistry Colloid and Surface Chemistry, Inorganic 
Chemistry Physital Chemistry—Molecular Spectro- e 
scopy 
cation forms if they possess other qualifications 


DEPARTMENT OF MATHEMATICS Vacancies 
exist ın the ficlds of Pure Mathematics Applied 
Mathematics and Statistics 


SCHOOL OF BIOLOGICAL SCIENCES 


One post in the field of QUANTITATIVE ECO- 
LOGY/BIOMETRICS Candidates should have a 
sound biomathemaucal background with &uitable 
teaching and/or research experience in aspects of 
quantitative ecology, such as population cstimation 
and dynamics, distribution patterns, association and 
community analysis, and systems analysis 


Onc post in the field of SOIL MICROBIOLOGY 
Special interests in one or more of the following 
areas decomposition of organic materials, nitrogen 
fixation bio-degradation of pollutants 


One post of Lecturer/Assistant Lecturer to be in 
charge of the University of MALAYA FIELD 
STUDIES CENTRE for the School of Biological 
Sciences Candidates should have at least a good 
Honours degree with interest and research experi- 
ence in Field Biology Administrative experience 
would be an advantage 


Emoluments (approximate sterling equivalents per 
annum) are 


() Salary Scales 

Associate Professor (Senior Lecturer) £2,278 by 
£89 to £2,814/RP/£2,919 

Lecturers £1,524 by £73 to £1,962/£2,035 by £81 
to £2 441 


Assistant Lecturers £1,330 tf £65 to £1,460 


(i) In addition a variable allowance 16 at present 
payable at the following rates 35 per cent of basic 
salary subject to certam maxima depending on 
marital status minimum £243 per annum, maximum 
£649 per annum 


Gu) Supplementary housing allowance of £503 per 
annum 


Medical benefits are provided under the Medical 
Services Scheme of the University 


Further particulars and application forms are ob- 
tainable from the Association of Commonwealth 
Universines (Appts), 36 Gordon Square, London 
WCIH 0PF 


The closing date for the receipt of applications is 
November 21, 1973 (1317) 





UNIVERSITY OF MANCHESTER 
INSTITUTE OF SCIENCE AND 
TECHNOLOGY 


RESEARCH FELLOW/RESEARCH 
ASSISTANT 


Applications are invited for the above vacancy in 
the Department of Chemical Engineering to work 
m a research group investigating problems connected 
with mass transfer in dispersed droplet systems A 
laser Mach Zender Interferometer with associated 
image analysis equipment interfaced to a computer 
is available for this work The successful applicant 
could be responsible for its use 

This forms part of a large programme of work on 
liquid extraction and phase separation in the Separa- 
trons Laboratory, where faciltues for pilot plant 
work are available and through industrial collabora- 
tion full-scale plant trials  , 

Applicants should have suitable qualifications in 
chemical engineering, physics or physical chemistry 
An interest in mathematical modelling would be an 
advantage 

Appointment will be until September 1976 in the 
first instance s 

Salary within the Mange £2,058 to £2,388 per annum 
plus FSSU contributions ? 

Inquiries and letters of application should be 
addressed to Dr G <A Davies, Department of 
Chemical Engineering, UMIST,, Sackville Street, 
Manchester M60 1QD (1295) 


Candidates should also state in their appli- @ 











British Museum (Natural History) 


Zoologist 


W Study the variations exhibited by mulluscan faunas of fresh- 
water habitats M Undertake curatorial and advisory work on land 
and freshwater molluscs 
tı Ist/2nd Degree honours or equivalent in Zoology 
evolutionary biology and taxonomy Age under 27 
Scientific Officer (£1493-£2352) Ref SB/10/DK 
16 November 1973 

Application forms from Civil Service Comrgission, Alencon Link, 
Basingstoke, Hants RG21 1JB, telephone Basingstoke 29222, ext §00 or 
London o1-839 1992 (24 hour answering service) 


PORDOB 


CIVIL SERVICE 


Keen interest in 
Appointment as 
Closing date 


(1346) 


LONDON BOROUGH 
LEWISHAM 


Engineer and Surveyor's Department 


Trainee Horticulturist 
£777 — £1,749 


Opportunity for young person to undertake specialist training ın this inter- 
esting field of work Duties will include practical traming in Horticulture, 
Landscape Development, Glasshouse and Nursery Practice, Turfculture, 
Arboriculture, Sports and Play facilities, Parks Administration, ` technical 
specifications and reports, nature trails and conservation The syllabus 1s 
designed to meet the practical needs of the trainee and to prepare him for 
future managerial posts Previous experience in horticulture or natural 
sciences an advantage The successful candidate will be given Day Release 
in order to obtain recognised qualifications as part of the tramıng pro- 
gramme 

Application forms, returnable by November 19, 1973, and full details from 
01-690 7666 (24-hour Ansafone service), quoting Reference ES 224(4) and 
Job title, or write (or call at) Personnel Division, Town Hall, Catford, 


London SE6 4RU 
(1280) 


UNIVERSITY OF STRATHCLYDE 
DEPARTMENT OF MATHEMATICS 


LECTURESHIPS 


Applications are invited for two posts of Lecturer in the Department of 
Mathematics . 


Preference will be given to applicants with interests in Statistics, Numerical 
Analysis or Ceatrol Theory but applicants with other interests will be con- 
sidered 


Salary scale £1,929 to £4,548 with placing according to qualifications and 
experience FSSŲ banefits , 


Application forms and further particulars (quotmg37/73) may be obtained 
frofn the Registrfra University of Strathclyde, Royal College Building, 204 
George Strett, Glasgow, G1 IXW with whom applications should be lodged 
by November 17, 1973  * : 


. 
(1353) 
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Microbiologist 
Head of Section 


The Huntingdon Research Centre 1s the 
recognised international leader ın contract 
research ın the life sciences area Rapid and 
sustained growth has taken place and we now 


wish to appoint a Head of Section of Macro- 
biology within our Department of Animal 
Science and Microbiology 

We are looking for a Microbiologist who 
will be responsible for the day to day 
organisation of the Microbiology Laboratory 
which currently has a staff of seven Work in 
the laboratory includes mucrobiological 
assays, sterility testing, disinfectant testing 
and various quality control 
procedures in addition to 
numerous ‘one off’ micro- 
biological projects The 


successful applicant will probably have had 
several years Pharmaceutical or other ın- 
dustrial experience Attractive career oppor- 
tunites exist in this rapidly expanding field 

The Centre 1s located near Huntingdon 
in an attractive part of the country with 
good access to London by road and rail 
We offer excellent working conditions 
together with progressive general benefits, 
a competitive salary and the usual pension 
and other fringe benefits Please write or phone 
for an application form to John Halliday, 
Personnel Officer, Huntingdon Research 


Centre, Huntingdon 
PE18 6ES Tel Woolley 
(STD 048 086) 431, quoting 
Ref No 266 


Huntingdon Research Centre 





Plant 
Mycologist 


Our crop science research is centred on Lenton Research Station, 
Nottingham, and there is an opportunity fora PLANT MYCOLOGIST 
to Join the team which is engaged on the search for novel compounds 
for international use as crop protection products 


The person appointed will lead and be a part of a progressive team 
investigating fungicidal activity of new chemicals under laboratory 
and field conditions Close collaboration with scientists of other 
disciplines ts an integral feature of the job 


Applications are invited from good honours graduates in Botany or 
Agricultural Botany specialising tn plant pathology, preferably with 
relevant postgraduate experience 


Benefits are good and include profit sharing and contributory 
pension schemes Some assistance with relocation expenses will be 
granted if appr$priate Please write, giving brief details of age, 
qualifications and experience to date, quoting ref PP10 {PP11) to 


The Boots Company Lea.’ 


J F. Pattison, Employmeft Manager, 


Station Street, Nottinghgns, NG2 3AA . 
* 


(1288) 


UNIVERSITY OF MALAWI 
BUNDA COLLEGE 
OF AGRICULTURE 


Applications are ineited for the new CHAIR OF 
AGRONOMY which carries with ıt the HEADSHIP 
OF THE CROP PRODUCTION DEPARTMENT 
tenable as soon as possible Applicants should have 
a minimum of five years postdoctoral teaching and 
research experience in one or more of the following 
fields general agronomy, horticulture, pastures and 
forage crops Special interest in statistics and field 
experimentation and possession of administrative ex- 
perience would be an advantage Salary scale (n- 
cluding expatriate addition) £2,900 to £3,700 per 
annum plus either a University addition of £500 per 
annum (taxable in Malawi) or supplementation (nor- 
mally tax free) in appropriate case by the British 
Government of £1,380 per annum (if married) or 
£1100 per annum (f single) The British Govern- 
ment may also provide children’s education allow- 
ances and holiday visit passages Gratuity, super- 
annuation scheme transferable with FSSU, family 
passages, various allowances, biennial overseas 
leave, housing 

Detailed applications (2 copies), including a cur- 
ricalum vitae and naming 3 referees, should be for- 
warded by airmail not later than November 26, 
1973, to the Registrar, University of. Malawi, Uni- 
versity Office, PO Box 278, Zomba, Malawi Apph- 
cants resident in UK should also send 1 copy to 
Inter-University Council, 90/91 Tottenham Court 
Road, London WIP OBT Further particulars are 
ob amable from either address (1326) 








GRASSLAND RESEARCH INSTITUTE 


An ASSISTANT SCIENTIFIC OFFICER ıs re- 
quired to assist m the laboratories of the Depart- 
meat of Feed Evaluation and Ruminant Nutrition 
with chemical, biochemical and radiochemical assays 
on feed and digesta samples in a programme of 
research concerned with evaluation of forage feeds 
for sheep and cattle 

Minimum qualifications 4 GCE “O” levels, one 
of which must be mathematics and one a science 
"A" level chemistry would be an advantage Some 
experience in general chemical procedures desirable 
but not essential 

Salary on age scale, eg, £844 per annum (age 
18, £959 per annum,(age 19), £1,077 per annum 
(age 20), etc, rising, by annual increments to a 
maximum of £1,612 pèr annum — 51 per cen? super- 
annuation allowance for staff who join a voluntary 
scheme Four weeks’ holiday a year Sports and 
social club 

Applications tb.the Personnel Officer by Novem- 


. e 


AN 
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SOUTH-WEST MIDDLESEX 
HOSPITAL MANAGEMENT 
COMMITTEE 


SENIOR 
BIOCHEMIST 


required at West Middlesex Hospital, Isle- 
worth, Middlesex Salary scale £2,613 per 
annum, rising to £3,375 per annum plus £126 
per annum London Weighting The successful 
applicant will be responsible to the Consultant 
Chemical Pathologist and will be expected to 
parucıpate in development work and special 
investigations The day-to-day running of the 
Biochemistry Laboratory is shared with another 
Senior Brochemist The equipment includes a 
Vickers D300, a Wallac automated gamma 
counter, an LXB reaction rate analyser, gas 
chromatography, cte PTA Whitley Council 
terms and conghitions of service will apply 


Further particulars regarding the post arce 
available from the Consultant Chemical Patho- 
logist (tel 01-560 2121, ext 568) Applications, 
together with the names of two referees, should 
be sent to the Group Secretary, South-West 
Middlesex Hospital Management Committce, 
West Middlesex Hospital, Isleworth, Middle- 
sex (1263) 





UNIVERSITY OF KHARTOUM 
SUDAN 


Applications are invited for the post of CHIEF or 
TECHNICIAN IN CHEMICAL PATHOLOGY IN 
DEPARTMENT OF INTERNAL MEDICINE Can- 
didates must hold the Associateship of the Institute 
of Laboratory Technology and have had experience 
in chemical pathology — Appointee's duties will be 
to help in research in the Department of Internal 
Medicine Salary scak Chief £81,450. to £51,825 
per annum Technician, £8950 to £S1 200 per annum 
(£l sterling—£S0 84) The British Government may 
supplement salary in range by £1,200 to £1,500 pcr 
annum (sterling) for marricd appointee or £600 to 
£850 per annum (sterling) for single appointee (nor- 
mally free of all tax) and provide children’s educa- 
tion allowances and holiday visit passages — Family 
passages, various allowanccs, superannuation scheme 
annual overseas leave 

Detailed applications (2 copies), including a cur- 
riculum vitae and naming 3 referees, should be sent 
by airmail not later than November 26, 1973, to the 
Personnel Secretary University of Khartoum PO 
Box 321, Khartoum, Sudan Applicants resident in 
UK should also send 1 copy to Inter-University 
Council, 90,91 Tottenham Court Road, London 
WIP ODT Further particulars may be obtained 
from elther address (1323) 





UNIVERSITY OF NAIROBI 
KENYA 


Applications are invited. for LECTURESHIP IN 
CLIMATOLOGY IN DEPARTMENT OF GEO- 
GRAPHY Applicants should have a good honours 
degree in geography, with specialisation in climato- 
logy or a postgraduate degree in meteorology, with 
special emphasis on agricultural meteorology or 
applied climatology They should also have had 
at least three years teaching and research experl- 
ence at university level Appointee will be expected 
to teach both at undergraduate and postgraduate 
levels and to conduct research in the field of applied 
chmatology Salary scale K£1,500 to K£2,580 per 
annum (K£1—£1 19 sterling) The Briush Govern- 
ment may supplement salary in range £450 to £750 
per annum (sterling) for married appointee or £150 
to £450 per annum (sterling) for single appointee 
(normally free of all tax® and provide children's 
education allowances and holiday visit passages 
FSSU_ Family passages, various allowances 

Detailed applications (2 copies) including a cur- 
riculum vitae and naming 3 referees, should be sent 
by airmail not later than November 26, 1973 to the 
Registrar University of Nairobi. PO Box 30197, 
Nairobi, Kenya Applicants resident in U K should 
also send 1 copy to Inter-University Council, 90/91 
Tottenham Court Road, London WIP ODT Further 
particulars may be obtained from either aceras 5 

1325) 


ROYAL POSTGRADUATE MEDICAL 
SCHOOL 


SENIOR AND JUNIOR TECHNICIANS 


required for the routinee haematology, special 
haemajology and blood tgansfusion _Jaboratories 
Facilities for training Starting salary and grade 
according to qualifications and experience 

Applications to the Secretary, Royal Postgraduate 








Medical School, Hammersmith Hospital, Du Cane 
Road, London W12 0HS, quoting Reference 7/N 
(1272) 
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NEW ZEALAND 


Ministry of Agriculture and Fisheries 


Applications are invited for the 
undermentioned vacancy 


SUPERINTENDENT 


(Dairy Laboratories) 


HEAD OFFICE, 


WELLINGTON 


SALARY 
Up to NZ$11,43] pa depending on qualifications and experience 


DUTIES 


Scientific supervision and direction of chemical and bacteriological 
investigations and analysis of Dairy Division quality control labora- 


tories 


Scientific adviser to Director, Dairy Division, and senior 


Head Office staff 


QUALIFICATIONS DESIRED 


Preferably PhD or MSc 
Bacteriology 
products 


with Hons in Chemistry and/or 
Extensive knowledge of the composition of dairy 
Experience in planning and supervision of laboratories 


PASSAGES 


Fares for appointee and his wife and family will be paid 


INCIDENTAL EXPENSES 


Up to £55 for a single man and £183 for a married man can be 
claimed to cover the cost of taking personal effects to New Zealand 


Application forms and general information are available from the 
High Commissioner for New Zealand, New Zealand House, 
Haymarket, London SWIY 4TQ, with whom applications will close 


on 7 December 1973 


Please quote reference BI3/2/203/4934 when enquiring 


(1333) 





UNIVERSITY COLLEGE, GALWAY 
(COLAISTE NA hOLLSCOILE GAILLIMH) 


RESEARCH ASSISTANT 


Applications are invited from graduates in Physiology, Biochemistry or 
allied subjects to study relationships between acid-base disturbances and 
ammonia metabolism The research 1s supported by the Medical Research 


Council of Ireland 


Applications should be sent to Professor D J O’Donovan, Physiology 
Department, University College, Galway, Ireland, not later than November 
20, 1973 





UNIVERSITY OF EXETER 
(DEPARTMENT OF CHEMISTRY) 


Applications are invited from graduates in 
chemistry or biochumistry for a POSTGRADUATE 
RESEARCH ASSISTANTSHIP in connection with 
an invesugation of the metabolism of methylmeth- 
acrylate The project s» part of a larger investiga- 
tion relating to the use of methylmethacrylate poly- 
mers in orthopaedic surgery The work will be 
carried out under the dirgction of Dr D H G 
Crout of the Department of Chemistry, University 
of Exeter, and Mr R S M Linf, FR GS, of the 
Princess Ehzabeth Orthopaedic Hospital, Exeter 
The appgintment will be for one year in tially, and 
the successful candigate will Me permitted to register 
for a higher degree 

Inquiries and applications should be sent to Dr 
D H G Crout, Department of Chemistry Univer- 
sity of Exeter, Exeter EX4 4QD, as soon as How 


(1291) 


THE UNITED BIRMINGHAM 
HOSPITALS 
DEPARTMENT, OF CLINICAL CHEMISTRY 


THE ILDREN'S HOSPITAL, 
LADYWOOD IDDLEWAY, BIRMINGH4M 
B16 8ET 


Applications are invited from Chemists or Bio- 
chemists for the post of BASIC GRADE BI®- 
CHEMIST The department has a major interest 
in Inherit Metabolic Disease and provides the 
routine pase service for the hospital Prefer- 
ence will be given to candidates with previous hos- 
pital experience (not secessarily paediatric) | Oppor- 
tunities exist for study for a higher degree Salary 
for firat and second class Honours graduates £1,566 
to £2,370 . 

Apply, giving the names of two referees, to Dr 


IP N Rame at the above address (1276) 


XXXVIII 


Pharmacologist 


£4-£5,000 per annum tax free 


A leading Spanish Pharmaceutical Company situated ın the Mediterranean City of Barcelona, invites 
applications from pharmacologists for a post in the expanding Pharmacology Department of our Research 
Division, The man we appoint will have a good honours degree in an appropriate discipline, a Ph D 
in Pharmacology and a few years’ post-doctoral experience preferably in industry 


Specialisation in one particular field is not essential although experience ın cardiovascular or central 
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nervous system pharmacology would be an advantage Our Pharmacology Department is moving into 
new laboratones before the end of the year and the facilities and working conditions are excellent 


Knowledge of Spanish ıs not initially essential but the successful candidate must be prepared to 


acquire adequate fluency in this language over a period of two years 


Applications in writing, with full curriculum vitae, should be addressed to 


Apartado de Correos 1583 


BARCELONA-SPAIN 





* UNIVERSITY OF LEICESTER 
DEPARTMENT OF ANATOMY 


READER OR SENIOR LECTURER 


Applications are invited for the post of READER or SENIOR 
LECTURER ın the Department of Anatomy The level of the appointment 
and initial salary will be dependent on qualifications and experience within 
the scale £4,368—£5,496, with FSSU membership The Anatomy Depart- 
ment, located 1n the new Medical School, will be responsible for teaching 
Topographical Anatomy, Embryology, Neuroanatomy, Histology and 
related subjects to medical and honours science students Postgraduate 
teaching 1s anticipated The successful applicant will have the opportunity 
of participating in the organisation of the new Department An active 
research inferest 1s essential 

Further particulars from the Registrar, to whom applications should be 
sent by December 5, 1973 Please quote A203 

Informal enquiries may be made directly to the Professor of Anatomy 


ENVIRONMENTAL STUDIES AT 


HARWELL 


We are looking for research staff to join our expanding and stimulating 
environmental programmes in three major Divisions, Chemical Engineering, 
Chemistry and the new Environmental and Medical Sciences Division 
To further the success of our centre for advice and assistance in problems 
involving toxic and hazardous materials we urgently need energetic 
research staff to work on specific topics within multi-disciplinary teams 
backed by the considerable resources of a major scientific [aboratory 
There is a particularly close association with the general environmental 
studies of air, plant and soil pollution and industrial toxicology Topics of 
immediate interest within this wide range include - 

*k surveying and modelling waste production problems over geographical 
regions and optimisation of disposal needs 

* novel and economic means for safe treatment and disposal of industrial 
wastes 

* research into factors to control percolation of liquids from waste tips 

* the life history of pollutants in the atmosphere, their physico-chemical 
behaviour 

* the toxicology of industrial pollutants following inhalation exposure 

Applicants should show a clear interest in one or more of these problems 
and should have a‘good Honours degree in a relevant subject, preference 
will be given to tléose with postgraduate experience in an appropriate 
area Successful candidates will be required to demonstrate ameability to 
apply this knowledge rapidly to industrial research situations 

Appointments will be either permanent or as Fellowships for 3 years 
The salary or stipend will depend upon experienced ebility and will be 
in the range £1,500-£3f500 pa s 

For application forms please write stating yore particular 
area of interest to Appointments Section ‘A’, A E R.E., Harwell 
or Phone Abingdon 4141 Ext. 2058. i (1281) 

. 





\ 


(1242) 


UNIVERSITY OF NEW ENGLAND 
ARMIDALE, NEW SOUTH WALES 


LECTURER IN MATHEMATICS 


Applications are invited. for a Lecturer in Mathe- 
matics The Department is responsible for courses in 
Pure and Applied Mathematics and Mathematical 
Staustics Applicants for this position should have 
research interests in some area of Probability Theory 
or Pure or Applied Statstics 

Salary will be within the range $A8,698 to $A11,982 
per annum 

Conditions include provision for travel and re- 
rioval expenses In addition, for permanent academic 
appointments, superannuation is available, together 
with assistance in buying or building a home and 
study leave Study leave grants are available and 
credit may be granted for existing study leave entitle- 
ment 

Further information can be obtained from the 
Association of Commonwealth Universities (Appts ). 
36 Gordon Square, London WCIH 0PF 

Applications close on November 16, 1973 

(1312) 


GRASSLAND RESEARCH INSTITUTE 
HURLEY, MAIRENHEAD, BERKSHIRE 


ASSISTANT SCIENTIFIC OFFICER required for 
laboratory work concerned with plant chemistry in 
the Botany Department 

Minimum qualificauons 4 GCE “O” levels, one 
of which must be mathematics and one a science, 
preferably biology or chemistry 

Salary on age scale, eg, £844 per annum (age 
.8), £959 per annum (age 19), £1,077 per annum 
(age 20), etc, £1,397 per annum (age 25 or over at 
entry Superannuation allowance of 54 per cent of 
salary payable to saff who join a voluntary scheme 
Four weeks holiday per year Sports and social 
clu 

Applications to Personnel Officer, quoting 3/K/60, 
by November 8, 1973 (1330) 








AGRICULTURAL RESEARCH COUNCIL 


INSTITUTE OF 
ANIMAL PHYSIOLOGY 
BABRAHAM, CAMBRIDGE CB2 4AT 


SCIENTIFIC OFFICER required in the Bio- 
chemistry Department to assist in research on hpid 
metabolism in farm animals Applicants should have 
a pass degree, HNC or equivalent Salary 1n scale 
£1,318 to £2,177 per anmum according to qualifica- 
tions and experience Superannuation scheme with 
an allowance to offset contributions 

Application forms may be obtained from the 
Secretary of the Institute Quote Ref B D 15 

(1320) 


INSTITUTE OF OPHTHALMOLOGY 


(University of London) 
JUDD STREET, LONDON WCIH 99S 


A vacancy exists in the Department of Pathology 
for a full-time RESEARCH WORKER to jom a 
team investigating Ophtfalmic Aspects of Systemic 
Disease The post involves work in histopathology 
and electron microscopy, in which some experience 
1s desirable, and collaboration with research centres 
m other laboratories and clintcs This appointment 
1s for three years and the commencing salary 1s 
£3,000 per annum (medjcal) Suitably qualified. non- 
megiical scientists are also eligible to apply 

Applications, giving age, qualifications and ex- 
perience to the Director, Department of Pathology, 
at the above address by November 24, 1975 507) 





q 
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university OF wales 


university 
COLLEGE OF 
swansea 


Department of Genetics 


Applications are invited from biocFemists 
or biologists with some biochemical expertise 
to jom a research group investigating the 
effects of radiation cxposure in yeast The 
appointment may be made at either the post- 
doctoral or postgraduate level 


The salary will be on the scale £1,200 to 
£2,300 together with FSSU benefits, the 
commencing salary depending upon expcrience 
The appointment will be for up to one year 
in the first Ga. 


Further pafticulars and application forms 
may be obtained from the Registrar/Secretary, 
University College of Swansea, Singleton Parle 
Swans.a SA2 8PP, to whom they should be 
returned as soon as possible (1299) 


AGRICULTURAL RESEARCH COUNCIL 
INSTITUTE FOR RESEARCH ON 
ANIMAL DISEASES 
COMPTON, NR NEWBURY, BERKS 

Applicants are invited for a post in the ficld 
of Electron Microscopy at ths Institute 
Qualifications requred are IMLT, HNC, 
HND or a degree in Science Several years’ 
experience of laboratory work are essential, 
preferably including electron microscopy The 
appointment will be in the grade of SO 
£1,318 to £2,177 per annum or H SO £2,076 
to £2,667 per annum The post 1s super- 
annuated with a non-pensionable salary addi- 
tion 

Applications, with curriculum vitae and names 
and addresses of two referees, should be for- 
warded to the Secretary of the Institute at the 
above address, quoting Reference 152, not later 
than November 23, 1973 (1283) 





UNIVERSITY OF SYDNEY 


LECTURESHIP 
IN PURE MATHEMATICS 


The appointee will be required to undertake both 
teaching and research within the Pure Mathematics 
Department e 

The position advertised 1s permanent but in appro- 
priate cases an initial three-year appointment may be 
made with possibility thereafter of permanency or in 
certain cases return fares 

Salary range $A8,698 to $A11,982 per annum 

Applications, including curriculum vitae, list of 
publications and names of three referees, by 
November 12, 1973, to the Registrar, The Uuiversity 
of Sydney, Sydney, NSW 2006, Australia, from 
whom further information 1s available Information 
about conditions of appointment and application 
Procedure also available from Association of Com- 
monwealth Universities (Appts ), 36 Gordon Square, 
London WCIH 0PF  Enquines about the Pure 
Mathematics Department may be addressed to Pro- 
fessor G E Wall or Professor G M Kelly, in 
the University (1313) 





GRADUATE ASSISTANTSHIPS 


Research and teaching assistantships are available 
for graduate study in physics Experimental and 
theoretical research programmes are active in solid 
state, nuclear, high energy and other major areas of 
physics Graduate research is conducted in conjunc- 
tion with Argonne National Laboratory, the National 
Accelerator Laboratory an@ the Synchrotron Labora- 
tory of the University of Wisconsin Appointments 
for well-qualified students can begin at any semester 
For application forms or additional information 
write Chairman, Department of Physics, Northern 
Niinois University, DeKalb, Illinois 60115 (1066) 


UNIVERSITY OF LEICESTER 
MEDICAL SCHOOL 


LECTURER IN ANATOMY 


Applications are invited for a LECTURESHIP in 
the Department of Anatomy The successful candi- 
date will participate in the teaching of medical and 
honours science students in the new Medical School 
An active research interest 1s necessary 

Initial salary, dependent om qualifications and ex- 
perience, on the scale £1,929 to £4,548, with FSS U 
membership e 

Further particulars from the Registrar, to whom 
applications should be sent by December 5 Please 
quote A303 

Informal inquiries may be made directly to the 
Professor of Anatomy (1254) 





NEW ZEALAND 


Ministry of Agriculture and Fisheries 


Applications are invited for the 
undermentioned vacancy 


SCIENTIST «(nina Geneticist) 


Animal Research Station 
Ruakura, Hamilton 


SALARY 
Up to NZ$11,342 depending on qualifications and experience 


DUTIES 


To join a research team engaged in experimental and theoretical 
studies in livestock improvement through breeding Fhe position 
offers excellent research resources and opportunities involving 
large experimental flocks (12,000 ewes) and beef herds (3,700 cows) 
as well as laboratory animals and computer facilities Primary duties 
will be in sheep breeding research with scope for pursuing special 
interest tn physiology, growth, meat or wool Collaboration in 
cattle, pig, laboratory animal and theoretical studies will be 
encountered 


QUALIFICATIONS DESIRED 


Masterate degree, preferably a Doctorate in Animal Science or 

Genetics and competency in statistics and computer techniques 

Applicant must be capable of assuming responsibility for breeding 

research projects and of collaborating with specialists in related 

research fields Knowledge of sheep husbandry and experience in 
animal breeding research an advantage 


PASSAGES 


Fares for appointee and his wife and family will be paid 


INCIDENTAL EXPENSES 


Up to £55 for a single man and £183 for a married man can be 
claimed to cover the cost of taking personal effects to New Zealand 


Application forms and general information are available from the 
High Commissioner for New Zealand, New Zealand House, Hay- 
market, London SWIY 4TQ, with whom applications will close on 
10 December 1973 


Please quote reference B13/2/204/4666 when enquiring 
(1332) 


SENIOR BIOCHEMIST 


Whatman Biochemicals Limited requues a Biochemist to investigate specific 
problems related to the large scale purification of enzymes at its Biochemical 
plant in Maidstone 


The successful applicant will have several years’ post graduate experience pre- 
ferably in protein purification techniques 


Salary according to age and experience 


. 
Good career prospects, pension scheme, life insurance, luncheon vouchers and 
assistance with removal expenses 
. 


Please apply to 
J. A. Rundall, 
Personnel Manager, 
W & R. Balston Limited, 
Springfield Mull, . 
Maidstone, Kent ME14 2LE 


giving details of qualifications and relevant experience." e (1298) 
. 
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GLA 
e T A 


have a vacancy for the 


HEAD of the 
Biological Laboratory 


at their Cambois factory This is the most recently built factory within the 
large Glaxo Group of companies and produces bulk antibiotics by deep- 
culture fermentation 


XO 


an Mtl 


The Biological Laboratory is responsible for monitoring the sterility of all 
parts of the plant and for the preparation of inoculum 


The Head of the taboratory, is responsible, to the Head of Fermentation for 
the day-to-day control and operations of the Laboratory, including the 
co-ordinating of the sterility testing team which is providing full shift coverage, 
as well as undertaking some non-routine investigational work 


A grounding in fermentation techniques will be given and the successful 
candidate will assist with fermentation control and process development 


Candidates should have a sound technical background in the microbiological 
fleld The position will carry a salary commensurate with qualifications and 
experience 


The factory is situated in Northumberland within easy reach of Newcastle, 
coast and country, and the area provides scope for a wide range of sporting 
and cultural interests Re-location expenses would be paid where appropriate 
Candidates should apply to 


The Senior Personnel Officer, 
Glaxo Laboratories Limited, 
Cambois, Bedlington, Northumberland 


(1290) 


BE Public $ 
Canada 


vice . Fonction publique 
Canada 


This competition is open to both men and women 


RESEARCH SCIENTIST 
COASTAL OCEANOGRAPHER 


Salary up to $24,262 


Bedford Institute of Oceanography, Marine Sciences Branch, 
Department of the Environment, Dartmouth, Nova Scotia 


DUTIES To undertake research on the coastal processes such as dynamics, exchange 
mechanisms, heat budget, estuarine flushing and residence times Present activities of 
the Division involve research into physical processes in the coastal zone of the Eastern 
Atlantic Seaboard including marginal seas and Eastern Arctic 


QUALIFICATIONS Include a doctorate degree or equivalent in areas related to 
the research activities of the Division, and demonstrated related research expertence 
Knowledge of the English Language is essential for this position 

[] 


To ensure consideration, interested parties should forward applicatio (PSC-367—401) 
ree résumés including a list of publications and references before November 16, 
to the 


SCIENCES AND TECHNOLOGY PROGRAM 
PUBLIC SERVICE COMMISSION OF*CANADA® 
OTTAWA, ONTARIO KIA OM7 e. 


Please quote reference number 73-1 10-68 in all correspondence * 


Appointments as a result ef'this competition are subject to the provisions of the Public 
Service Employment Act (1284) 
-> d 
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NATIONAL COLLECTION 
OF TYPE CULTURES 


Science Graduate, at least 2 1, 1n a biological 
Subject preferably in microbiology This 
post includes care and maintenance of the 
bacterial strains in the Collection Over 3,000 
strains of more than 300 species of medical 
and veterinary interests are kept, and provide 
a wide experience in systemative bacteriology 
These strains are maintained in a freeze- 
dricd state and are regularly checked for their 
viability and characteristics Opportunities for 
the study of given groups and certain aspects 
of microbial classification are available A 
project i$ in preparation for data processing 
the laboratory records of the Collection 


The NCTC has a Curator, Dr ^S P 
Lapage, Deputy Curator, Mr L R Hil, 
and three othir graduate Ne im addition, 
an affiliated project includes ree graduate 
graff 


Starting salary dependent on qualifications 
and experience from minimum of £1,566 plus 
£126 London Weighting per annum National 
Health terms and conditions of service and 
supérannuation 


Applications to Personnel Officer, Central 
Public Health Laboratory, Colindale Avenue, 
London NW9 5HT (1331) 


UNIVERSITY OF WINDSOR 
WINDSOR, ONTARIO, CANADA 


Applications are invited for 
HEAD 
DEPARTMENT OF BIOLOGY 


Applicants are expected to have a distinguished 
record in research and teaching Duties include 
administration of a sixteen member department 
which offers undergraduate and graduate courses 
(through doctoral level) in a broad spectrum of 
biological sciences, fostering the development of 
research programmes, and participation in research 
and teaching 

The appointment commences July 1, 1974 Salary 
to be negotiated accor@ling to qualifications and ex- 
perience 

Please send application, curriculum vitae, names of 
at least three referees and other pertinent informa- 
t101 to 

Chairman of Selection Committee, 
Department of Biology, 
University of Windsor, 
Windsor, Ontano, Canada 
(1310) 


UNIVERSITY OF EXETER 


DEMONSTRATOR IN COMPUTING 
IN THE DEPARTMENT OF PHYSICS 


Applications are invited for a Demonstrator in 
Computing in the Department of Physics The suc- 
cessful candidate will be expected to help with the 
teaching of computing in Fortran and the develop- 
ment of the university's computer, at present an 
ICL 4-50, an ICL 4-72 1s due to be delivered next 
year The department possesses a PDP 11/20 mini- 
computer with paper-tape and DEC tape Oppor- 
tumty will be available to Join one of the research 
groups in the department The appointment is for 
two years It 1s hoped the successful candidate can 
start on January 1 or asssoon thereafter as agreed 
The appointment will be made in the salary range 
£1,752-£1,929 ptr annum 

Further particulars may be obtained from the 
Secretary of the Universuy, Northcote House, The 
Queen’s Drive, Exeter FX4 4QJ, to whom applica- 
tions (six copies, overseas candidates one copy) 
should be forwarded by not later than November 7, 
1973 Please quote Ref 1/12/7060 (1264) 


INSTITUTE OF OBSTETRICS AND 
GYNAECOLOGY 


GRADUATE STUDENT 


required to assist in a Chmical Research Project 
involving primarily simple immunological techniques 
The work will be undertaken in the Department of 
Obstetrics and Gynaecology at Hammersmith Hos- 
pital Applicants will be expected to participate in 
the®routine work of the Laboratory Salary up to 
£1,400 per annum 

Applicauons in writing to Dr M D Simanowitz 
Department of Obstetrics and Gynaecology, Hammer- 
smith Hospital, Du'Cane Road, London W12 0HS 
(1269) 

A 
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UNIVERSITY OF EDINBURGH 


DEPARTMENT OF COMPUTATIONAL 
LOGIC 


RESEARCH FELLOW 


A Research Fellow is required to work in 
the Department of Computational Logic, 
School of Aruficial Intelligence The research 
of the Department is on automatic theorem- 
proving and related topics in artificial intelli- 
gence 


The applicant's background and experience 
should be in one or more of the following 
subjects aruficial intelligence, computer 
science, logic, and mathematics 


The appointment, funded by a Science Re- 
search Council grant, will be for a period from 
as soon as possible until September 30, 1975 
Renewal thereafter will be dependent upon 
conunued Science Research Council support 
The salary wi] be on the University. Lecturer 
scale in the rgnge £1,929 to £2,553 per annum 
with normal "increments and FSS U_ benefits 


. 

Applications, giving curriculum vitae, an 
account of professional experience and publi- 
cations, and names of two referees, should be 


sent as soon as possible to Professor B 

Meltzer, Department of Computational Logic, 

8 Hope Park Square, Edinburgh EH8 9NW 
Please quote Reference 5078 (1296) 


UNIVERSITY OF BIRMINGHAM 


DEPARTMENT OF ELECTRONIC AND 
ELECTRICAL ENGINEERING 


SEMICONDUCTOR DEVICE RESEARCH 


Applications are invited for a SENIOR RE- 
SEARCH ASSOCIATESHIP to join a group work- 
ing on novel silicon microwave devices Good, 
clean room and laboratory facilities and technical 
assistance are available Applicants should have a 
good honours degree and preferably a PhD The 
successful candidate would be expected to have 
familiarity with semiconductor processing such as 
diffusion and photolithography techniques Experi- 
ence in microwave device measurements would be 
an asset Previous industrial experience in semi- 
conductor devices and technology is desirable The 
appointment 3s available for a period of two years 
Salary £2,223 to £3,048 plus FSSU 

Applications (threc copies), naming three referees, 
by December 7, 1973, to Assisiant Registrar (S), 
PO Box 363, University of Birmingham. B15 2TT 


A (1277) 


RESEARCH TECHNICIAN 


Tequired for English-speaking molecular biology de- 
partment in modern research institute involved in 
study of viral transformton of animal cells in cul- 
ture Experience with general biochemical tech- 
miques in enzymology and subcellular fractionation 
and with general sterile techniqucs associated with 
tissue culture useful Salary on BAT scale from 
DM14,600 to DM17,880 per annum, according to 
experience, plus family allowances 

Applications, with thc names of two professional 
referees, should be sent to Dr D Jovin, Abt 
Molekulare Biologie, Max Planck-Institut fur Bio- 
physikalische Chemie, — 34-Gottingen- Nil olausberg, 
POB 968, W Germany (1297) 


ROYAL POSTGRADUATE MEDICAL 
SCHOOL 


JUNIOR TECHNICIAN 


required with special interest in biochemistry and 
tissue culture, to assist research Biochemist investi- 
gating prostatic tissue Minimum — qualifications 
GCE "O" level in Mathematics, Fnglish, and two 
Science subjects (prefera@ly including Chemistry) 
Training given in advanced laboratory techniques 
Salary according to age and qualifications 
Applications to the Secretary, Royal Postgraduate 
Medical School, Hammersmith Hospital, Du Cane 
Road, London W12 OHS, quoting Reference 3/ 
326/N (1270) 


UNIVERSITY OF READING 
LECTURESHIP IN APPLIED MATHEMATICS 


Applications are invited for a Lectureship in 
Applied Mathematics The appointment will be for 
two years initially, with a possibility of further 
renewal Candidates should be interested in both 
analytical and numerical problems in geophysical 
fluid mechanics 

The person appointed should take up duties on 
January 1 1974, or as soon*as possible thereafter 

Fuxher particulars. may ebe obtained from the 
Registrar (Room 208, Whitekmghts House) @he 
University, Whitehnights, Reading RG6 2AH, by 
whom applications should be received not later than 
November 17, 1973 (1286) 











UNIVERSITY OF LIVERPOOL 


BRUNNER CHAIR OF PHYSICAL 
CHEMISTRY 


Applicauons are invited for the Brunner Chair 
of Physical Chemistry, which will become vacant on 
December 31, 1973, following the retirement of 
Professor C E H Bawn 

The salary scale will be within the range approved 
for full-time professorial appointments, and in any 
case not less than £5916 per annum 

Applications (12 copies), together with the names 
of three referees, should be received not later than 
November 30 1973, by the undersigned, from whom 
further particulars may be obtained (Cardidates 
overseas may send onc copy only by airmail) Quote 
Ref RV/N/80534 
The University, 
PO Box 147, 
Liverpool L69 3BX 


H H Burchnall, 
Registrar 


(1279) 


UNIVERSITY OF READING 
DEPARTMENT OF CHEMISTRY 


Applications are invited for a post of TUTORIAL 
FELLOW in the Department of Chemistry, prefer- 
ence will be given to candidates with interests in 
organic chemistry Duties will include supervision 
of tutorial and practical classes as well as some 
lectures Research facilities will be provided 

The appointment will be for a maximum period 
of three years, the Tutorial Fellow will otherwise 
be employed on the same terms and conditions as 
a Lecturer 

The successful applicant will take up dutrs on 
January 1, 1974, or as soon as possible thercafter 

Further particulars may be obtained from the 
Registrar (Room 208, Whuteknight’s House), The 
Universuy, Whiteknights, Reading RG6 2AH, by 
whom applications should be received not later than 
November 17, 1973 (1285) 








UNIVERSITY OF QUEENSLAND 
AUSTRALIA 


RESEARCH OFFICER 
DEPARTMENT OF BIOCHEMISTRY 


Applicants should have as a minimum qualification 
a PhD m Biochemistry or a related discipline 
Successful applicant will join research group undet 
Professor K J Scott investigating the molecular 
basis of resistance of wheat to the stem rust fungus 
In the first instance the appomtment will terminate 
June 30, 1974, although it ıs expected that the ap- 
pointment will continue beyond this period 

Salary $A8,698 to $A14,308 per annum 

Apply to the Staff Officer, University of Queens- 
land, St Lucia, Queensland, 4067 Australia, with 
whom applications close on November 30, 1973 

(1315) 





UNIVERSITY OF MANCHESTER 
LECTURER IN VIROLOGY 


Applications invited. for this post from candidates 
with or without medical qualifications Salary ranges 
per annum (clinical) £2,535 to £5,361, (non-clinical) 
£1929 to £4548 FSSU 

Further particulars and application forms (return- 
able by November 30) from the Registrar, The 
University, Manchester M13 9PL Quote Ref 191, 
73/Na (1351) 





ROYAL HOLLOWAY COLLEGE 
(UNIVERSITY OF LONDON) 
EGHAM HILL, EGHAM, SURREY 


Applicauons are invited for a one-year RESEARCH 
ASSISTANTSHIP IN THFORETICAL PHYSICS 
The applicant will be expected to undertake a thto- 
retical study of problems arising from the optical 
modulation of electron beams Prac ical work in 
this field 16 currently part of the research in the 
Physics Department The salary for the post is £1 929 
a year 

Further details from the Personnel Officer (N) 

(1275) 


UNITED MANCHESTER 
HOSPITALS 


DEPARTMENT OF MEDICAL GENETICS 


Applications are invited for a GRADUATE 
RESEARCH WORKER and a RESEARCH 
TECHNICIAN, preferably with experience of 
cell culture, 11mmunology or HL-A, 


to work 
in a Research Teams«oncerned with leukaemia 
and reproductive immunology The posts, 
which are renewable, will be paid according to 
the Whitley Council Sgale for Hospital Bio- 
chemists and Physicists and Medical Labora- 
tory Technicians e Md . 


Applications to Dr Rodney Harris, Depart- 
ment *of Medical Genesicq St Mary’s Hospi- 
tal, Manchester @113 0JB$ together with the 
names of two referees (1342) 

e 


College London Strand, WC2R 21S 


ST LAWRENCE’S HOSPITAL 
for the mentally handicapped 


BIOCHEMIST 
(Basic Grade) 


required for research into the biochemistry of 
mental subnormality, with some responsibility 
for routine clinical chemistry — Experience in 


the application. of gas chromatography would 
be an advantage but 1s nct essential 


Single residential accommodation may be 
available if required The hospital has excel- 
lent recreation facilities and an active Sports 
and Social Club with licensed premises 

° 

Application forms are availabl. from the 
Personne! Officer, St Lawrences Hospital, 
Caterham, Surrey CR3 5YA Tclephone Cater- 
ham 42377 (1282) 





WESTFIELD COLLEGE 
(UNIVERSITY OF LONDON) 


RESEARCH ASSOCIATE IN SOLID 
STATE PHYSICS 


Applications are invited from experimental physi- 
cists with recent PhDs The work 1s concerned with 
measurement of Fermi surfaces in alloys by a 
positron annihilation technique The appointment 
1s for one year in the first instance at a salary of 
£2,079 plus £162 London Wuighting per annum 

Letter of application, naming two rcferees, should 
be addressed to the Secretary (N), Physics Depart- 
ment, Westfield College, Kidderpore Avenue, Hamp 
stead, London NW3 7ST (1292) 


UNIVERSITY OF NOTTINGHAM 


DEPARTMENT OF APPLIFD BIOCHEMISTRY 
AND NUTRITION 


Applications are invited from those holding an 
honours degrec or the equivalent in biochemistry 
chemistry, nutrition, agricultural sciences or related 
subjects for the position of RESEARCH ASSISTANT 
The successful applicant will be required to investi- 
gate the metabolism of ammonia on the ussues of 
sheep and will be encouraged to register for a higher 
degree The position will be supported bv an AR C 
research grant to Professor D Lewis and Dr P J 
Buttery 

Inquiries should be addressed to Professor D 
Lewis, Department of Applied Biochemistry and 
Nutrition, University of Notungham School of Agri- 
culture, Sutton Boningten, Loughborough, Leics 
LEI2 5RD Tcl Kegworth 2386 (1336) 





UNIVERSITY OF LONDON 
KING’S COLLEGE 
ZOOLOGY DEPARTMENT 


RESEARCH TECHNICIAN GRADE 3 


Research Technician Grade 3 required to assist 
in immunological and parasitological research and 
to prepare materials for immunology and some other 
classes in Zoology Department Preferably HN D 
or similar qualification 

Salary on scale £1,825 by £54 to £2,095 per annum 
including London weighting Contributory Pension 
Scheme 

Apply in writing, giving full details of age and 
exncrience, to the Head Clerk (Ref N1930) ORE 


CHAIRMAN, DEPARTMENT OF 
BIOLOGY 


THE UNIVERSITY OF NEW BRUNSWICK 
FREDERICTON, NB, CANADA 


Applications are invited for the position of Chair- 
man of the department which will be a renewable 
term appointment" At present the department con- 
sists of a faculty of 19 and 30 graduate students 
Candidates should have demonstrated research pom- 
petence in a field of biology, administrative. ability, 
and with an active interest in undergraduate and 
graduate teaching Deadline for receipt of applica- 
tions 1s December 31, 1973 The university reserves 
the right to make an appointment at any time The 
appointme will become effective not later than 
July 1, 197 Salary negotiable 

Send applicÉuons, curriculum vitae, and names of 
three referees, to Dr* Mervyn Franklin, Office of 
the Dean, Faculty eof. Science, University of New 
Brunswick, Fre@esicton, New Brunswick, Canada.. 


e od m; 
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QUEEN CHARLOTTE'S 
HOSPITAL FOR WOMEN 


QUEEN CHARLOTTE'S MATERNITY 
HOSPITAL 
339 Goldhawk Road, London W6 0XG 


Applications are invited from science gradu- 
ates with ist or 2nd class Honours degrees for 
the post of 


SENIOR MICROBIOLOGIST 


Terms and conditions of service are those of 


Whitley Council "A" scales Salary £2,163 
to £3,375 plus London Weighting allowance 
of £126 per annum Experience of medical 
microbiology is essential 


Applications to Mr L E Turner, House 
Governor, from whom further particulars may 
be obtamed °(1341) 





UNIVERSITY OF 
NEWCASTLE UPON TYNE 


SCHOOL OF PHYSICS 


Applications are invited for the post of SENIOR 
RESEARCH ASSOCIATE oreRESEARCH ASSOCI- 
ATE to undertake studies in Lunar magnetism and 
its implications, including experimental studies on 
Apollo and Lunar samples 

The appointment will be made as soon as possible 
after January 1974 and will, in the first instance, be 
for two years Salary wil be in the range of 
£1,929 to £4,548, carrying FSSU 

Applications (2 copies), together with names and 
addresses of three referees, should be lodged with 
the Head of the School of Physics, The University, 
Newcastle upon Tyne NE1 7RU, before November 
30, 1973 (1337) 





THE UNIVERSITY OF LIVERPOOL 
DEPARTMENT OF BIOCHEMISTRY 


Applications are invited from BIOCHEMISTS/ 
ORGANIC CHEMISTS for two Post-Doctoral Fel- 
lowship positfons, tenable for a period up to two 
years for the following projects 

(I) Problems of plant sterol biosynthesis 

(2) Biosynthesis of insect terpenoid hormones 

The initial salary will be on the scale £1,959 to 
£2,178 per annum plus FSSU and the posts are 
tenable immediately 

Applications, stating age, academic qualifications 
and experience, together with the names of two 
referees, should be sent as soon as possible to the 
Registrar, The University, PO Box 147, Liverpool 





L69 3BX Quote Ref RV/N/80551 (1343) 
CHELSEA COLLEGE 
University of London 
ELECTRON MICROSCOPY TECHNICIAN 


GRADE 3 required for College Electron Microscope 
Unit situated in Hammersmith Experience in vacuum 
techniques and photography an advantage Wide 
range of work with bias towards biological tech- 
niques Day release and training opportunities 
Salary scale £1,740 to £2,010 per annum (including 
London Allowance) 

Further details and application forms from Mr 
M E Cane (N), Departmental Superintendent, De- 
partment of Physics, Chelsea College, Pulton Place, 
London SW6 5PR (1316) 





UNIVERSITY OF SOUTHAMPTON 
DEPARTMENT OF OCEANOGRAPHY 


GRADUATE RESEARCH ASSISTANT required 
as soon as possible to assist with experiments on 
culture and chemical composition of marine plankton 
The appointment will be tenable for approximately 
15 months at a salary, dependent on qualifications and 
experience, withm range £1,200 to £1,500 per annum 

Applications giving a brief curriculum vitae and the 
names of two referees should be sent to the Deputy 
Secretary’s Section (Ext 2400), The University, 
Southampton SO9 by November 2, 1973 
Quote reference Na 139/R é (1318) 





A SENIOR TECHNICIAN IS *REQUIRED AT 
the Central Laboratories of the J Lyons Group of 
Companies, which includes food manufacture among 
1s many interests An opportunity has arisen for a 
tefhnician, aged up to 27, preferably with HNC 
or equivalent in chemistry, who has one year's 
experience m an analytical laboratory, take up 
a senior position in special research, inly im gas 
chromatography, but with some research in coffee 
chemistry If you are intere@ed in furthering yóur 
career in an expanding Group, please write to 
Mrs Williams, Central Laborgtorigss 149 Hammer- 
smith Road, Wi, or phone her on 01-603 2040, 
ext 3184 «0322, 


. ` Zt: 


ASTRONOMY GRADUATE 


1$ urgently required for interesting research position 
with Publisher Publishing experience in Illustra- 
tions an asset Excellent prospects Salary negoti- 
able to £2,500 

Lawrence & Associates, 01-979 6052/3 (1347) 


INSTITUTE OF CANCER RESEARCH ROYAL 
MARSDEN HOSPITAL, SW3 TECHNICIAN in 
Cytogenetics required to work in a group studying 
chromosomes in malignant diseases of man Previous 
experience in this or related field desirable Qualifi- 
cations required university degree in relevant sub- 
ject, or HNC or AIMLT Salary scale £1,440 
to £2,292 plus London Weighting —Applications, to- 
gether with the names and addresses of two referees, 
to Dr Sylvia D Lawler, Royal Marsden Hospital, 
Fulham Road, SW 3 (1352) 





UNIVERSITY COLLEGE HOSPITAL MEDICAL 
SCHOOL RESEARCH TECHNICIAN required for 
group working in the field of oncogenic viruses 
Experience in issue culture and virological work 
preferred Whitley Council scale —Apply to Secre- 
tary of the Medical School within 10 days of this 
advertisement quoting Ref KR/1 35) 
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WINDSOR GROUP HMC * 


LOCUM SENIOR or CHIEF LABORATORY 
TECHNICIAN required for three months’ (initially) 
appointment  Radio-:mnmunoassay experience desir- 
able Conditions according to Whitley Council 

Enquiries and applications to Dr D Watson, Area 
Laboratory, King Edward VII Hospital, Windsor, 
Berks (1302) 


TECHNICIAN REQUIRED IN THE DEPART- 
ment of Microbiology, University of Reading, to 
assist a group engaged ın research on Bacterial 
Ecology, and for general duties Interest in photo- 
graphy an advantage Salary in range £1,650 to 
£1,920 per annum (Grade 3)—Apply stating qualifi- 
cations and experience and giving the names of two 
veferees, quoting Ref TN69, to Assistant Bursar 
(Personnel), University of Reading, Whuiteknights, 
Reading RG6 2AH (1307) 


BIOCHEMIST, TEMPORARY RESEARCH ASSIS- 
TANT required until September 30, 1974, to work 
on hormonal control of murine hepatic lipid meta- 
bolism —Apply to Dr D A Hems, Department of 
Biochemistry, Imperial College, London S 


ORDER FORM: NATURE 


To 


CLASSIFIED ADVERTISEMENT DEPT, NATURE, 


T G SCOTT & SON LTD, 1 CLEMENT'S INN, 


LONDON WC2A 2bED 


Please include the following advertisement in normal/display style 


setting( . .* inches) for 
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PLEASE STATE CLEARLY WHETHER NAME AND ADDRESS OR A 
BOX NO ARE TO APPEAR. 


lines/inches at 
making total cest of £. . 


NAME 4° 
ADDRESS 


rate (plus Box No at 25p if required) 
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AGRICULTURAL RESEARCH COUNCIL 
POULTRY RESEARCH CENTRE 


Applications are invited for a post within 
the Scientific Officer grade in the Nutrition 
Section of the Poultry Research Centre The 
person appointed will be in charge of a small 
team and be responsible for all records of 
nutrition experiments, which include food con- 
sump ion, liveweight, egg production and 
hatchability The team also carry out carcass 
processing 

Quahfications A pass degree HNC or 
equivalent in the general field of agriculture 
A knowledge of poultry husbandry 1s desirable 

Salary Within the scale £1,318 to £2,177 
per annum with placement according to quali- 
fication and experience The post ıs super- 


annuable with an allowance to offset contribu- 
tions 

Application forms, which may be obtained 
from the Secretary, Poultry Research Centr, 


King s Buildings, West Mains Road, Edinburgh 
EH9 33S should be complited and returned 
to him not later than November 16 1973 


(1344) 


SECRETARY 


Graduate required as Personal Assistant to 
the Director of Rescarch and Managing Direc- 
tor Shorthand or Audio typing essential 
Company engaged in Drug Research and a 
basic understanding of Organic Chemistry, 
Biology and Biochemistry necessary Very 
interesting work and excellent conditions with 
Pension and Insurance Plan ın operation 
Apply Biorex Laboratories Ltd, Biorex House, 
Canonbury Villas London AI 2HB 


(1308) 


WINDSOR HOSPITALS GROUP 
AREA LABORATORY 
RESEARCH BIOCHEMIST POST 


A research post has been created to enable a radio- 
immunoassay of clinical importance to be developed 
The position 1s post-doctoral or with equivalent 
experience, it is innal for two years Radio- 
isotope training would be provided Conditions of 
appointment are Whitley Council Salary £2,589 to 
£3,132 per annum 

Enquiries and application should be addressed 
to Dr D Watson, Area Laboratory, King Edward 
VII Hospital, Windsor, Berks (1301) 





z Z 
CHAIRMAN—DEPARTMENT OF 
ANATOMY 


Columbia University, College of Physicians and 
Surgeons, an equal opportunity employer is seek- 
ing an individual as Chairman of Anatomy Depart- 
ment Should be qualified medical scientist and 
experienced medical educator 

Send curriculum vitae to Myron Winick, MD, 
Chairman, Search Committee, Institute of Human 
Nutrition, 511 West 166th Street, New York, New 
York 10032 (1289) 





ROYAL POSTGRADUATE MEDICAL 
SCHOOL 


SENIOR TECHNICIAN 


required in Department of Clinical Cardiology 
Qualifications HNC or equivalent Salary accord- 
ing to qualifications and experience 

Applications to the Secretary, Royal Postgraduate 
Medical School, Hammersmith Hospital, Du Cane 
Road, London W12 OHS, quoting Reference 2/ 
354/N (1271) 


UNIVERSITY OF EDINBURGH 
TECHNICIAN—MOLECULAR BIOLOGY 


To work on automatic sequence analysis of 
proteins Applicants should hold_a 2nd class 
Honours degree in Chemustry or Biochemistry 
Applicants with HNC in appropriate sub- 
honid have considerable experience The 

Mi! by an MRC grant until Sep- 

with æ possibility of renewal 


t on the scale £1,848 to £2,382, 
experience and qualifications 


ications, quoting the post refer- 
hould be gddressed to the Per- 
University of Edinburgh, 63% 
Edinburgh EHI ILS Telephone 
b7 1011, ext 4325 (1350) 











UNIVERSITY OF EDINBURGH 
TECHNICIAN—MOLECULAR BIOLOGY 


The essential nature of the work involves 
characterisation of bacterial penicillinases, and 
Js most likely to appeal to candidates with 
2nd class Honours in Biochemistry or Micro- 
biology ‘Holders of HNC ın appropriate 


subjects with considcrable experience are also 


invited to apply 


Salary will be on scale £1,848 to £2,382 per 
annum, placement according to experience and 
qualifications Superannuation and Sick Pay 
Schemes Ref No T5403 


Written applications, quoung the post refer- 
ence number, should be addressed to the Per- 
sonnel Officer, University of Fdinburgh, 63 
South Bridge, Fdinburgh EH! 1L$ Telephone 
Number 031-667 1011, ext 4325 (1349) 


UNIVERSITY OF EAST ANGLIA 
TECHNICIAN (GRADE 5) 


required in the School of Environmental Sciences 
The person appointed will be responsible for the 
operation and servicing of the School’s Scanning 
Electron Microscope, Research Light Microscopes, 
and associated rooms and equipment Candidates 
should have HNC;HND, Advanced C & G, or 
equivalent qualifications and have experience in 
Flectron Microscopy, but persons having lesser 
qualifications should not be deterred from applying 
Salary on the scale £2,007 to £2 382 

The closing date for applications 1s November 9, 
1973, and they should be sent, quoting the names 
of two referees, to the Laboratory Superintendent, 
School of Environmental Sciences, University of 
East Anglia, Norwich NOR 88C (1319) 


UNIVERSITY OF LEICESTER 
DEPARTMENT OF PHYSIOLOGY 


RESEARCH ASSISTANT 
IN PHYSIOLOGY 


Applications are invited for a post of Research 
Assisant to Dr R A Chapman on a British. Heart 
Foundation research grant relating to the study of 
isolated sarcoplasmic reticulum Applicants should 
hold an honours degree in biochemistry, biology or 
physiology Registration for a higher degree will be 
permitted, but the appointment will be for one year 
in the first instance Salary £1,353 per annum 

Applications, m writing, with curriculum vitac. and 
names of two referees, to Dr R A Chapman, 
Department of Phystology, University of Leicester 
LEI 7RH (1339) 








FELLOWSHIPS AND 
STUDENTSHIPS 


THAMES POLYTECHNIC 
SCHOOL OF CHEMISTRY 


Research Fellowship 
in Chemical Education 


Applications are invited for the post of 
Research Fellow The successful candidate 
wil develop tertiary level chemistry curricula 
and associated teaching methods The post is 
tenable, 1n the first instance, for a period of 
two years 

Salary £1,984 by £85 (3) to £2,239 per 
annum 


Further particulars and form of application 
may be obtained from the Secretary, Thames 
Polytechnic, Wellington Street, London SE18 
6PF, to whom completed applications should 


be returned as soon as possible (1278) 


THE ROYAL SOCIETY 


BRUNO MENDEL TRAVELLING 
FELLOWSHIPS 


Applications are invijed for Bruno Mendel Travel- 
ling Fellowships up to a maximum of £4,000 per 
annum tenable for periods of up to one year from 
October 1, 1974, to enable postgraduate candidates 
to carry out experimental® medical research in the 
United. Kingdom, The Nethirlande, or Israel Can- 
didates should be normally“resident in ofle of these 
three countries and should not already be hving in 
the courfiry which they prise to visit 

Application forms receivaBie by Janury 15, 1974, 
and further details are available from the Executive 
Secretary, The Royal Society, 6 Carfton House Ter- 
race, London SWLY 5AG (1266) 


XLI 


NATIONAL COLLEGE OF 
RUBBER TECHNOLOGY 


The Polytechnic of North London 


POLYMER 
RESEARGH 


Applications are invited for a Post- 
Doctoral Fellowship to work on the 
absorption and desorption of volatile 
fluids from potting resins The Fellow- 
ship 1s available for one year in the 
first 1nstance 


Further particulars from Dr D. C. 
Blackley, Reader in Polymer Science 
and Technology, National College of 
Rubber Technology, The Polytechnic 
of North London, Holloway, London 


N7 8DB 
(1207) 





THE CITY UNIVERSITY 
DEPARTMENT OF CHEMISTRY 


RESEARCH FELLOWSHIPS 


Applications are invited. for two Post-doctoral 
Research Fellowships from candidates with an inter- 
est in or experience of either some aspect of 
chemical kinetics or the application of physical 
and chemical techniques to biological systems Both 
posts will be tenable as from January 1, 1974, for 
two years in the first instance — Initial salary between 
£2,091 and £2,550, according to qualifications and 
experience 

Applications enclosing a curriculum vitae and the 
names of two referees should be sent to Professor 
C F Cullis, Department of Chemistry, The City 
University, St John Street, London ECIV 4PB, not 
later than. November 12, 1973 (1303) 


THE ROYAL SOCIETY 


JOHN MURRAY TRAVELLING 
STUDENTSHIP IN OCEANOGRAPHY 
AND LIMNOLOGY 1974 


Applications are invited for the above Student- 
ship, open to male or female graduates under the 
age of 35, for the encouragement of travel and work 
in oceanography or limnology This award, which 
may be held for periods from threc months to one 
year, will in 1974 be up to £1,000, adjusted accord- 
ing to qualifications and place and duration of re- 
search Applications are especially invited from 
workers in oceanography and limnology, as well as 
m zoology, botany, geology, mathematics and physics, 
and it will be permitted to hold the award while 
receiving a salary from a regular appointment 

Applications, receivable ty December 15, 1973, 
should be made on forms obtainable from the 
Executive Secretary, The Royal Society, 6 Carlton 
House Terrace, London SWIY 5AG (1268) 





THE QUEEN'S UNIVERSITY 
OF BELFAST 


Post Doctoral Fellowship 
Pig Muscle Quality Research 


The holder of the Fellowship would be 
expected to investigate aspects of the bio- 
chemistry and physiology of pig muscle and 
the clinical biochemistry of various breeds and 
strains of pigs, with the aim of identifying 
paramcters associated with stress susceptibility, 
particularly the dark, firm and dry (DFD) 
and pale, soft, exudative (PSE) syndromes 


Applicants should have a good Honours 
degree in Fooé Science, Agricultural Chemistry 
or Biochemistry with research experience gin 
the general area of muscle biochemistry 


The Fellowship 1s tenable for two years at, 
an initial salary of £1,929 


Apph@tfons, including a curriculum vitae 
and the james of three referees, to Professor 
4 R Tod, Agricultural and Food Chemistry 

epartment, Queef’s University, Newforge 
Lane, Belfast BI9 5PX (1304) 

. e. 





XLIV 


UNIVERSITY OF 
STRATHCLYDE 


Department of Fibre Science 


CIBA-GEIGY POST- 
DOCTORAL FELLOWSHIP 


Applications are invited for a Fellow- 
ship for research on the rheology of 


pigment suspensions Experience in 
rheology 1s desirable but not essen- 
tial The post is for three years at 
a starting salary of £2,058 pa plus 
FSSU " 


Applications, stating qualifications and 
experience, together with the names 
of two referees, should be sent to 
Dr J Ferguson, Department of Fibre 
Science, University of Strathclyde, 
George Street, Glasgow G1 IXW 

- 


(1311) 


UNIVERSITY OF 
LONDON KING’S COLLEGE 


ESMEE FAIRBAIRN 
POST DOCTORAL RESEARCH 
FELLOWSHIP 


Applications are invited for one Esmee Fairbairn 
POST-DOCTORAL RESEARCH FELLOWSHIP m 
any aspect of environmental studies which can be 
investigated adequately at King’s College Field 
Station, Rogate, Nr Petersfield, Hants The person 
appointed will be attached to appropriate College 
departments and will be expected to contribute to 
teaching programmes at the Station 

The Fellowship is tenable for one year iniually 
from January 1, 1974, at a salary on the scale 
£1,764 to £1,923 FSSU_ benefits are payable 

Applications, comprising a curriculum vitae, a 
detailed scheme of the proposed investigauor and the 
names of two referees, should be sent to the 
Registrar (N), King’s College, Strand, London WC2R 
2LS, by November 20, 197 Details of living ac- 
commodation and field facilities at Rogate are obtain- 
able from the Warden (Tel Rogate 367), with whom 
arrangements for visiting the station may be ri 

(1324; 





GIRTON COLLEGE, CAMBRIDGE 


Applications are invited for a SCIENTIFIC RE- 
SEARCH FELLOWSHIP open to women graduates 
and tenable for three years from October 1, 1974 
The applications should be in the field of mathe- 
matics, natural sciences, geography and allied sub- 
jects Each Fellowship is of the value of £1,000 
per annum, pensionable under the FSSU 

Particulars are available from the Secretary to the 
Council, Girton College, Cambridge, to whom appli- 
cations should be sent by January 8, 1974 (1287) 


BACK VOLUMES OF 


SCIENTIFIC PERIODICALS 


We are always interested in buying your collections of 
duplicates of Scientific, Technical and Medica! Journals at 
the highest prevailing prices Please send us your lists of 
surplus journals, which will receive our immediate attention 


We are Distributors of Bacf Issues of Journals including 
Pergamon Press Journals and many other Publishers. We 
,InVite you to write in for our regularly issued Bulletins and 
Catalogues and should be pleased to be of assistance in 


your acquisitions -— 


4 
BUMPUS HALDANE & MAXWELL LTD. 


Back Issues Department 


4 Midland Road, OLNEY, Betks, England Tel Bedford 711529 








THE LISTER INSTITUTE 


OF PREVENTIVE MEDICINE 
(UNIVERSITY OF LONDON) 


JENNER MEMORIAL 
STUDENTSHIP 


Applications are invited from graduates 


holding a first or upper second class honours 


degree in a microbiological subject for the 
Jenner Memorial Studentship tenable ın the 
Institute’s Virology Departmert The Student 
will be expected to register with the Univer- 
sity of London as a full-üme postgraduate 
studert and engage in research for the Ph D 
degree The Studentship, which is for one 
year n the first instance, and renewable for 
a second and third year, is valued at £850 
per annum free of income tax Applications, 
with the names of two referees, should be 
sent to the Secretary, the Lister Institute of 
Preventive Medicine, Chelsea Bridge Road, 
London SW1W 8RH (1300) 





UNIVERSITY OF 
NEWCASTLE UPON TYNE 


FELLOWSHIPS 


Applications are invited for the following Fellow- 
ships (tenable for two years from October 1, 1974) 
from persons who have shown themselves able to 
carry out original research The value of each 
Fellowship 1s £1,929 in the first year and £2,058 in 
the second year 


SIR JAMES KNOTT FELLOWSHIPS 
Two Fellowships available in any faculty 
LORD ADAMS FELLOWSHIP 
Tenable in any faculty Preference will be given 
to candidates who through family, residence, or 
education are connected with the County of Cumber- 
land or whose proposed research has connection with 
or will be of benefit to Cumberland 


WILFRED HALL FELLOWSHIP 
Tenable for research in pure science 


Further particulars and application forms (which 
must be returned by December 31, 1973) may be 
obtained from the Registrar, University of Newcastle 
upon Tyne, 6 Kensington Ter-ace, Newcastle upon 
Tyne NB1 7RU (1338) 





FOR SALE AND WANTED 


NATURE 1932-1966 


Bound NATURE Volumes 130-212, 
July 1932-December 1966, only one 
copy of each, 83 books Tenders 
invited for whole or part collection 


Please write to The Marketing 
Director, Macmillan Journals Ltd, 4 
Little Essex Street, London WC2R 
3LF, by December 31 


24 issues p a 


Ref 72369 


LACTATION 
Ref 72368 


Ref 72366 


NATURE OCTOBER 26 1973 


Always wanted 
BACK RUNS OF JOURNALS 
IN SCIENCE AND THE HUMANITIES 
WM DAWSON & SONS LTD 


Back Issues Department, 
Cannon House, Park Farm Road, 
Folkestone, Kent, England 
Tel Folkestone 57421 (0) 





GRANTS & SCHOLARSHIPS 


THE ROYAL SOCIETY 
BROWNE RESEARCH FUND 


Applications are invited from qualified research 
workers for personal grants to enable them to under- 
take research in marine biology at a marine bio- 
logical laboratory or elsewhere for periods up to 
tweive months on the understanding that their uni- 
versity or other post they may hold would mean- 
while be kept open for them Preference will be 
given to those proposing to work on purely scien- 
tific problems The total amount available for allo- 
cat on m 1974 will be about £3,00 
e@Applications, receivable by December 15, 1973 
*shoutd be made on forms obtainable with further 
details from the Executive Secretary, The Royal 
Society, 6 Carlton House Terrace, London SWIY 
5AG (1267) 


FRENCH GOVERNMENT SCHOLARSHIPS FOR 
further study and postgraduate research in France in 
Pure and Applied Science, Technology, Medicine, 
Social Sciences, Economics, Geography and Agri- 
culture are offered for the academic year 1974-1975 
Candidates who must be United. Kingdom citizens, 
Should be university graduates or have equivalent 
qualifications Closing date December 31, 1973 
—Details from Scientific Department, French 
Embassy, 41 Parkside, Knightsbridge, London SWIX 
7IP Citizens of the Commonwealth and of other 
countries should apply to French Embassies in their 
respective countries (1309) 








SYMPOSIUM 


UNIVERSITY OF READING 


NATIONAL COLLEGE OF FOOD 
TECHNOLOGY 


INTERNATIONAL SYMPOSIUM 
ON VITAMIN C 


A two-day intergational symposium on 
VITAMIN C will be held on April 2 and 
3, 1974, at the National College of Food 
Technology Speakers from Europe, Ire- 
land and the U K will talk on the food, 
health and chemical aspects of vitamin C 
and its role ın food manufacture Par- 
ticipants are limited to 150 Symposium 
fee, £35, includes a free copy of book of 
proceedings Academics admitted for 
E1739 Registrations may now be made 
wit 


The Secretary, 
National College of Food Technology, 
(University of Reading), 
St George’s Avenue, 
Weybridge, Surrey 
(1248) 





A new series from the Soviet Union (m Russian) 


‘ADVANCE TECHNICAL BRIEFS’ 


NEUROPHYSIOLOGY HIGHER NERVOUS ACTIVITY OF 
MAN & ANIMALS. 


Annual sub £13 60 


PHYSIOLOGY OF ENDOCRINE SYSTEM REPRODUCTION 


Annual sub £5 35 


PHYSIOLOGY OF MAN & ANIMALS (Blocd Li 
Metabolism Nutrition, Vitamins Thermoregulatio- 


Annual sub £7 40 


Send for 1974 catalogues of Soviet technica & scien 


. 
Denington Estate; 
WELLINGBOROUGH, Nor 
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Itsin the Prochem book, 


soits as good as yours 


The only ICONs and labelled compounds 
we put in our catalogue are the ones we 
separate and synthesise ourselves in our 
Morden laboratory. 

But that doesn't stop us having one of 
the most comprehensive catalogues 1n the 

( . field. In fact Prochem is the only company in 
the world to separate all three stable 
isotopes; Carbon-18, Oxygen-18 and 
Nitrogen-15 and synthesise them into a large 
range of labelled compounds. 

Because we*make them, synthesise them 
and despatch them under oneroof, you benefit 
from much lower costs, plus the comfort of 
knowing that what we offer, we can supply. 
What other catalogue gives you that sort 
Of re 1S fundes a ce? 

] gabe 2 Bmt today. 

í Salary will be (te carbon, oxygen and nitrogen " 


Y dependent on 
Ref No T5305 Prochem/BOC Limited ° 
Deer Park Road 





Written appi 
ence number, &4 


sonnel Oficer a Londom SW19 3UF CM 
Number 031-68 Telephone 01-542 6677 
Telex 928154 


mited is within the British Oxygen Group of Companies 


Cover 3 


Two further 

volumes in the highly 
successful Fundamentals 
of Botany Series 


edited by W. A. Jensen 
and L. G. Kavaljian 


Evolution 
and Plants 
of the Past 
Harlan P. Banks 


This book is a wide-ranging discussion of a number 
of important aspects of palaeobotany The basic 
approach is an examination of the way tn which 
plants have developed from the earliest times In 
contrast with the more traditional approach, in which 
each group of plants is examined separately, this 
book looks at each geological period and treats its 
fossil flora as a whole As a result a much more 
dynamic and interesting story is told 


£1 60 


Plants, Mian 
and the 


Ecosystem 
Second Edition 


W. D. Billings 


This elementary introduction to ecology discusses 
the relationship of plant individuals and populations 
to their environments and to their roles in the 
ecosystem The second edition has been completely 
reset In an attractive new format, and the text has 
been revised and expanded so that it now includes a 
discussion of man and his relations with the plant 
world 


£1.25 


Macmillan 


Cover 4 


; 
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CHAPMAN & HALL 
11 New Fetter Lane, London EC4P 4EE 


Further details of all these titles together with a list of stockists is 
available from the publishers on request 


The Proton in Chemistry 


Second Edition 


R. P. Bell, FRS, Professor of Chemistry, 
University of Stirling 


September 1973, 326 pp, illus, hardback, 
412 11820 3, £6 30 


This book encompasses the many aspects of 
chemical reactions which involve the transfer 
of protons, 1e acid-base reactions This new 
edition. places due emphasis on important 
recent advances 


The Chromosomes 


Sixth Edition 

M. J. D. White, F R S , Professor of Genetics, 
University of Melbourne 

Hardback August 1973, 216 pp, h/t and line 
illus, 412 11930 X, £3 75 

Science Paperback 412 21090 8, £2 10 


The sixth edition of this book incorporates work 
done during a decade of unprecedented 
expansion and development of chromosomal 
studies, but remains an elementary account, 
which does not claim to be more than an 
introduction to chromosomal studies 


x Introduction to Atomic 


and Nuclear Physics 


Fifth Edition 

H. Semat, Professor Emeritus, City College, 
City University of New York, and J. R. 
Albright, Florida State University ] 
September 1973, 728 pp, line and h/t illus, 
hardback, 412. 11940 4, £4 20 

This new edition of a successful mainstream 
text of modern physics has been completely 
updated and contains many new problems and 
references 


Dust Explosions and Fires 


K. N. Palmer, Head of the Industrial and 
Toxic Hazards Section at the Fire Research 
Station, Borehamwood 
Powder Technology Series 


August 1973, 416 pp, h/t and line 
hardback, 412 09430 4, £6 00 

A comprehensive account of both the practical 
and theoretical aspects of dust explosions and 
fires The problem is discussed in detail and 


illus, 


an up-to-date deggription of the technical , 


r 


background of the Subject Is given. 


The Excretory Function of 
Bile 


Robert L. Smith, Reader tn Biochemistry, 
St Mary’s Hospital Medical School, London 


September 1973, 296 pp, illus, hardback, 
412 11140 3, £5 00 « 


It is the purpose of this book to show that the 
excretory function of bile is much wider than 
hitherto acknowledged, and that it ıs of 
importance in the elimination of many com- 
pounds arising from intermediary metabolism 
and of numerous foreign chemicals that are 
encountered within the organism 


Digital Magnetic Tape 
Recording for Computer 
Applications 


L. G. Sebestyen 
Modern Electrical Studies Series 


August 1973, 168 pp, illus, hardback, 
412 11210 8, £4 00 


An up-to-date and detailed guide to data 
storage on magnetic tape, it presents the 
material in a clear and straightforward manner 
with emphasis on the physical and qualitative 
aspects of the problem and not on rigorous 
mathematical analysis 


An Introduction to the 
Mathematics of Eleciricily 
and Magnetism 


LI. G. Chambers, Reader tn Applied Mathe- 
matics, University College of North Wales 


October 1973, 280 pp, illus, limp, 412 10990 5 
£4 00 


The work gives a treatment of Electromagnetic 
Jheory as far as Maxwell's equations, with 
the welcome feature of a very large humber of 
. worked examples on a wide variety of topics 


including an alternative approach to postulating 
Maxwell's equations ab /nitio. . 
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